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MO:XHO JI1 3aMEHUTDb YacTh OETOHHOM 3aIlIUThl aTOMHOUN CTaHIIMU KWJIOMETPaMU
ropubix nopoj? CrocoOeH Jin cTo0 BOJBI CO3/aBaTh AaBJIeHNUE, HEOOXOIUMOe
peakTopy? W cTaHeT i 31eKTPO3HEPrusl AeHeBlie, €CIA OMYCTUTh SIEPHYIO
YCTaHOBKY B IJIyOOKYIO CKBakuHY?BTopasi kHura cepun «MUpPHBII aTOM»
MOCBSIIEHA TTOA3EMHBIM M HEOOBIYHO Pa3MEIIEHHBIM aTOMHBIM CTaHIMsIM. B Helt
paccMaTpuUBaeTCsl UCTOPUSI PEAKTOPOB, HOCTPOEHHBIX BHYTPU IOP U CKAJIbHBIX
MacCCHBOB, YCTPOMCTBO COBPEMEHHOW CKBKMHHOM YCTAaHOBKM, padoTa MepBOro 1
BTOPOTO KOHTYPOB, TUAPOCTATUYECKOE JABJICHUE, OXJIAXKIEHUE U paJualliOHHAas
3amura.Oco0oe BHUMaHUe yaeseHo npoekty Deep Fission, mpeamnonaratoriemy
pa3mMellieHre KOMIIAKTHOTO BOJIO-BO/ISTHOTO peakTopa Ha ITyOrMHe OKOJIO MOTyTopa
KijioMeTpoB. OTaebHbIe TJ1aBbl MTOCBSIIEHH SKOHOMUKE TTOAOOHBIX CTAHIIUN U
CPaBHEHUIO MEXyHApOAHbIX TPoeKTOB: poccuiickoro PUTM-200H u «[enbd-
M>», minaByuero 3Heproonoka «AkaneMuk JlomoHocoB», kutarickoro Linglong One,
kaHagckoro BWRX-300, aprentuackoro CAREM u 6puranckoro Rolls-Royce
SMR.

© Cuurx B., 2026
© Astop, 2026
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Coaep:xanue

I'nmaBa

7Kene3Horopck: orpoMHblii aTOMHBI KOMILJIEKC BHYTPY TOPBI

XaJlp[IeH: UCCIIEI0BATENIbCKUIl pEaKkTop B CKaJle

Arecra: atoMHOe oToruieHue npuropoga CTOKrosipma

[TpomBblIIIIEHHBIN BOI0-BOSIHOM PEAKTOp B CKAJIbHOM Kamepe Bo ®paHuuu
ABapus BHyTpPH LIBEHLIAPCKOIO MOA3EMHOIO PeakTopa

[Touemy nonzemusie ADC He cTaid MAaCCOBBIMU

UeM pOEKT B CKBaKMHE OTIIMYAETCS OT MPEIIECTBEHHUKOB

I'naBHBII ypoK HpoOLLIOTo

I'naBa 2. PeakTop 1oj KMJIOMETPOM BOJBI - MOKET JIM CKBA)KMHA 3AMEHUTh
3anMTHYI0 0005104Ky ADC

Yro npoucxonut B Kanzace

Kak nomkeH paboTaTh OA3EMHBIN PeakTop

Yro ocraHeTcs Ha MOBEPXHOCTH

KakoBa MOIIIHOCTb YCTaHOBKH

Konen o3HakoMUTENBHOTO (pparMeHTa.
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Bukpam Cunrx
Mupsbia aToMm. Ilog3zemHblie
aTOMHBbIE CTaHINHU

I'naBa
I'naBa 1. IlonzeMHble peakTOpPbl MOSBUIKCH 33/10JIT0 0
Deep
Fission

[Mpesxzie yem norpyKarTbcsi B TEXHUYECKHE TN aMOUIIMO3HOTO MPOEKTa CKBAKUHHON aTOM-
HOH 2JIEKTPOCTAHIIMMU, BaXKHO MOHATh, OTKYJa BOOOLIE B3sIach cama HMjes MpATaTh PEaKTOPs MO
3eMITI0.

Ham pganbHeimmil paccka3 Oyaer noctpoeH nostanHo. CHavasaa Mbl 3arJIsIHEM B UCTOPUIO U
MIOCMOTPHM Ha YK€ peaIM30BaHHbIE MOJ3EMHBIE aTOMHbIE O0BEKTHI. 3aTeM pa3depeM CXeMbl IEPBOTO
Y BTOPOro KOHTYpoB 00bIYHON ADC, 4TOOBI MOHATH, YEM OHM OTJIMYAIOTCS OT CKBRKMHHOIO IPO-
ekta. OOs13aTesNbHO caenaeM HeOOIbIIYI0 (PU3MUECKYIO Tay3y, YTOObI TOTOBOPUTH O THIpOCTaTHYe-
ckoM aaBnienud. Ilocie 3Toro obcyaumM camble 60JIe3HEHHbIE BOMPOCHL: KaK 00CITyXKHBAaTh, IIEperpy-
’KaTh TOIUIMBO U BBIBOJUTH U3 IKCILTyaTallMM PEaKTOP, 3aCTPSABLINI B y3KOM TpyOe Ha KMUJIOMETPOBOI
ryouHe. B ¢puHase Mbl nocunMTaeM SKOHOMUKY M CPABHUM 3Ty 33/lyMKy C JAPYTMMU MEXIyHapo[-
HBIMU IIPOEKTAMU MaJIbIX MOJYJIbHBIX PEaKTOPOB.

Ho HauHeM Mbl IMEHHO C UCTOPHH.

Wnes ucronb3oBaTh MHOTOMETPOBBIE CJIOM FOPHOHM MOPO/bl B KAYECTBE €CTECTBEHHOIO cap-
kodara il SIEpHOTO PeakTopa pPOAMJIACh MOYTH OJHOBPEMEHHO C CAMOW aTOMHOM SHEPreTHKOL.
Ele B naTuiecaTsie U MECTUIECAThIE TObI MPOIIJIOro BeKa B pa3HbIX YTOJIKaX MIAHEThl MHKEHEPbI
AKTUBHO CTPOWJIM YCTAHOBKH, YKPBIThIE BHYTPH CKaJIbHBIX MACCHBOB, TITyOOKMX TOHHEJNEH M CIeIH-
QJIbHO BBIPYOJIEHHBIX UCKYCCTBEHHBIX IeLep.

OnHako MeXay STUMU UCTOPUIECKUMU OOBbEKTaMH M COBPEMEHHBIM KOHIIETITOM CKBaKMHHOM
A3C or craprana Deep Fission nmposieraet orpoMHas TEXHOJIOTMYECKas IIPONACTb.

PanHue nogzemMHble CTaHLIMK, 110 CYTH, IPEJICTaBIISIN COOOM KJIACCUUYECKUE PEAKTOPHBIE 3aJIbl,
MIPOCTO TIepeHeCceHHbIe BHYTPb TOpbl. B cKasie BhIIAIONMBaIM TUTAHTCKYIO MENIepy, CTPOMIA BHYTPU
TUTOLIAIKY, MOHTHPOBAJIH TSKEJble MOCTOBbIE KPaHbl, TPOKJIAAbIBAIN IIMPOKHE TPAHCIIOPTHbIE TOH-
HeJIM 1 000pyI0BaJIM KOM(OPTHBIE MTPOXO/IBI 151 IEPCOHAIA.

HoBblii aMeprKaHCKHIA TPOEKT IpeiaraeT COBEPIIEHHO MHOM, Kyaa 0oJiee paJuKaIbHbIN MO/-
xof1. IHxkeHepsl peuiaraloT 0TKa3aTbcs OT MOA3EMHBIX IBOPLIOB. BMeCTO 3TOro KOMNakTHHIN peak-
TOPHBII MOAY/Ib B BUJIE AJIMHHOTO LIMJIMHJPA J0JKEH OBITh IPOCTO OIMYLIEH B Y3KYIO BEPTUKAJIbHYIO
CKBa)XMHY Ha INIyOMHY OKOJIO MOJIyTOpa KWIoMeTpoB. Hukakux KpaHOB, HUKAKMX TOHHeJEeN U HUKa-
KOT'O JIOCTYyIIA JIsI YeIoBeKa BO BpeMsl pabOThI peakTopa TaM He MPeyCMOTPEHO.

Nmenno nostomy crapsie nogzeMusie ADC Helb3d Ha3BaThb TOYHBIMM IPOTOTUIIAMHU HOBOW
TexHoJoruu. Ho MxX yHUKaJIbHBIN OMBIT MO3BOJISAET HAM YBUIETh KaK HEOCIIOPMMBIE ILTIOCH], TaK U
CKPBITbIE, O0JI€3HEHHBIE TPOOJIEMbl Pa3MeILeH s SIEPHOTO OTHs IIIyOOKO MOJ 3eMJIEH.
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Keiie3HOropck: OrpoMHbIN
ATOMHBIA KOMILJIEKC BHYTPH rOpbI

Campblii MacTaOHBI 1 BIEYAT/ISONIMNA TPUMEp MOA3eMHOro atoma Haxoautes: B Poccun. B
HayaJie MATHIECATHIX TO/I0B B INIyXOM CUOMPCKOM Taiire, MpsiMO BHYTPU IPAaHUTHOTO MaccUBa BO3JIe
Kpacnosipcka, Ha4aaoch rpaHINoO3HOE CTPOUTENBCTBO ['OpHO-XMMHUYECKOro KOMOMHATA. DTO OBLIO
CBEPXCEKPETHOE MOJ3EMHOE MpenpusaThe, odecreunBaloliee sIepHblid TOIUMBHBINA UK CoBer-
ckoro Coro3za.

IlepBblii TPOMBILIUIEHHBIH ypaH-TpacUTOBBIN PeakTop MOJ KOAOBbIM HazBaHueM A/l 3apaboTa
B 9TUX MOA3eMHBIX BbIpaboTKax B 1958 romy. CriycTsi HECKOIBKO JIET PSAAOM 3allyCTHIIM elle JBe
MammHel — AJlD-1 u AJIID-2. B Tomime ckajabl pacroyoKUINCh HE TOJIBKO CAMU PEAKTOPBI, HO U
3aBO/Ibl 0 NepepadOTKe PaJMOAKTUBHON XUMMH, 1LIeJ1asi aTOMHas TEeIJI0/IeKTPOLIEHTPaJlb, HACOCHBIE
CTaHUMM U UCTIOJIMHCKUE CUCTEMbI BEHTUIIALINY.

I'naBHO¥ 3aaueli 9TOro MOA3EMHOI0 ropoja M3Ha4yaIbHO Obljla KOBKA s1JEPHOTO IIMTa — Hapa-
00TKa opysxkeiHoro miyToHus. Iloatomy cpaBHuBaTh JKene3HOropck ¢ OObBIYHBIMU I'PaXkJAHCKUMU
ADC He coBceM KOppeKTHO. Tem He MeHee, peakTop AJlD-2 He TONBKO MPOU3BOAWII IITyTOHUM, HO
Y TIONYTHO CHAOXaJl TEIUIOM U JIEKTPUYECTBOM CaM KOMOHMHAT M 3aKPBITHI TOPOJ Ha TIOBEPXHO-
cru. Kak ormeuaior skcnieptsl BecemMrpHOI siiepHOi accolyaliiy, B MOCIEIHUE TOAbl IKCILTyaTalu
MMEHHO 3Ta, SHepreTuyeckas (pyHKIMs cTaja AJs MaIliHbl OCHOBHOM.

JKenesHoropckuii KOMOMHAT yOEAUTENIBHO JOKa3ajl: OrPOMHBIN, HEBEPOSITHO CIIOXKHBIN sifiep-
HBIl KOMIUIEKC JEeHCTBUTEIBHO MOXKHO YCIIEITHO IKCIUTyaTUPOBAaTh BHYTPHU TOPbl Ha MPOTSKEHUU
MHoOrux jecaruietuil. Ho 31o Obul He IyXol, HeoOCTy:)KMBaeMblil LIMJIMHIP B CKBaXkMHE. BHyTpH
rpaHKTa MY IbCUPOBAT LB TOPO]] C KUJIOMETPaMK TOHHEJEH, pab0uMMH 3aJIaMH U apMHEeii Tiepco-
HaJta. ['opa ciykuia JMiIb TMraHTCKOM BHEIITHEH CKOPITyIO /1J151 MOJTHOLIEHHOTO 3aBOJA.
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XaJabJaeH: HCcJeA0BaTeJbCKHI peakTop B cKaJje

B 1959 rony scrapery nonxsaruna Hopserus, 3amnycrus B XainbJeHe TAKEIOBOAHBINA KHUIIA-
i peaktop. Ero tensoBas MOLITHOCTb Oblla HEBEJIMKAa — BCEro 25 MeraBarT. DTy MalllMHy pa3Me-
CTWJIM B YaCTUYHO MOJ3EMHOM CKAJIbHOM 3aJIe, U OHa CTaJla CEPALIEM BaXKHEUIIIEro Mex IyHapOIHOro
npoekra. [1o 1aHHBIM AreHTCTBa MO SAEPHOM SHEPIUH, HA ITOM PEAKTOpE yUeHble AECATUIECTUAMU
0OKaThIBaJIM HOBBIE BUIIBI SIICPHOTO TOILIMBA, UCTIBITHIBAJIM METAJUTBI M IOBOJIMIIM JI0 COBEPIIICHCTBA
cucteMsbl 6e3onacHocTu. CtaHuus rpopadoTaia BIioTh 10 2018 roaa.

XaJIpICHCKA PEaKTOp HUKOIIA HE TPETEHJ0BAN Ha 3BaHne KoMMepueckorn ADC u He THaJICA
3a MeraBaTTaMH JJIsl HacesleHus. TeM He MeHee, ero Aojras M ycrielHasi ’Ku3Hb MOATBEpANIA, YTO
CKaJIbHBIII MOHOJIUT MOET CTaTh HaIeXKHOW YaCThl0 KOHCTPYKLIMM SIIEPHOTO OOBEKTA.

Ho u 371ech ecTh NpUHIMITHATIBHOE OTJIMYME OT CKBRKMHHOTO MpoeKTa. IIpsAMo HaJ KpBIIIKOi
peakTopa B XaJibjieHe HaXOAMJICS MPOCTOPHBIN 00CTyKUBaeMblid 3aJ1. IHKeHepbl MOTI CBOOOIHO
OCMaTpuBaTh 0OOPYIOBaHKE, TPOBOAUTH PEMOHT M BHITACKMBATh TOIUIMBHBIE KACCETHl OOBIYHBIMU
LIEXOBbIMU KpaHaMHU.
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Arecra: aToMHOe OTOILIeHHEe npuropoja CTokrojbma

[IBenus nouuta emie gajblile U NOCTPOMIIA OIUH U3 MEPBBIX B MUPE IPaXkJAHCKUX SHEPreTU-
YECKUX PeakTopoB MpsMo B ckase. CtaHius Arecra npopadoTania Jecsth JietT, ¢ 1964 no 1974 rop, u
BOIIUIA B UCTOPHUIO KaK IepBasi HIBEJCKask yCTAaHOBKA, KOTOPast laBajla He TOJIBKO JIEKTPUUECKHNA TOK,
HO ¥ Teruio. KumsaTok ot 3Toro peakropa rno Tpyoam HampasJisICs MPsIMO B CUCTEMY LIEHTPAJIbHOTO
OTOIUIEHUS TUXOro npuropoga CTOKrosabma.

MarvHa paGoTtasia Ha TSKEJION BOJAE U IpsTajach B IMPOCTOPHOW Kamepe, BbIPYOJIEHHOW B
CKaJIbHOM 1opoyie. Takoe MHKeHepHOe pellieHre rapaHTUPOBAJIO MPEKPACHYIO 3aIIUTY OT pajualuH,
YTO ¥ TIO3BOJIMJIO PA3MECTUTh ATOMHYIO CTAHIIMIO B IyTalomeld OJIM30CTH OT JKUJIbIX KBapTaJIOB.

[TpoekT Arecra goKa3asn )XU3HECIIOCOOHOCTh OYeHb KPACHBOW MJEH: MaJlble TIOA3eMHbIE CTaH-
MM MOTYT HE TOJILKO CBETUTb, HO M TPETh, CHAOKasl CIAJIbHBIE PAOHBI TOpsTUe BOJOM, a 3aBOJbI —
TEXHOJIOTMYecKUM napoM. Ho, Kak 1 B peapIaynyX crydasix, 3To OblIa KIacCHYecKasi, POCTOPHAs
cTaHIMsA, OEpeKHO YKpbITask BHYTPH XOJIMa, a He 3arasiHHas HAMEPTBO B Y3KOi TpyOe.
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IIpoMbIIILIEeHHBIN BOAO-BOASIHON PeaKkTop
B CKaJbHOU KamMepe B0 PpaHun

CambIM OJIM3KMM UCTOPUYECKUM aHATIOroM KPyMHbIX nmoa3eMHbIX ADC MOXKHO I10 MpaBy CUU-
TaTh (ppaHIry3ckuil seproonok Chooz A.

It0 ObUI MIepBeHell (PPaHITY3CKON BOIO-BOASIHON IIKOJIbL. CTaHIMS Havasia qaBaTh TOK B 1967
roly Y MPOCIyXWIa JO Hayaja JEBSHOCTBHIX, BbAaBas colmugHble 305 MeraBarT 3J€KTpPUYECTBA.
Camoe uHTEpecHOe, 4TO caM PEaKTOPHBIA KOTeNl U BCE TsKesoe 00OpyJoBaHKe MEpBOro KOHTYpa
WHKEHEPbI CIIPATATIM B UCTIOIMHCKUX TIelepax, BHIPYOJIEHHBIX MTPSIMO B KPYTOM CKJIOHE TOPHI.

ITOT MPOEKT 0COOEHHO LIEHEH 1Sl UCTOPUU. B OT/Iune oT HOPBEKCKUX U IIBEICKUX IKCIIEPH-
MEHTOB, TO ObLI YK€ He UCCIIeJOBATEIbCKUI MAJIbIII, & TIOJHOLEHHBIN MPOMBIIUIEHHBI BOIO-BO/ISI-
HOW TMr'aHT — MPSIMOM MPEJOK TeX CaMbIX MAIlIMH, KOTOPbIE CErO/IHsI COCTABIISIIOT OCHOBY aTOMHOW
SHEepreTUK BO BCEM MUpE.

B rozpl akTHBHOI pabOTHI CKala IEHCTBUTENBHO CITY:KUJIA HA/IEKHBIM IIIUTOM, 3alUIAsl PeaK-
TOP OT JIIOOBIX BHEIIHUX YIPO3 M 9KOHOMSI JICHBI'M Ha 3aJIMBKE KOJIOCCAIbHBIX OETOHHBIX KyTosioB. Ho
KOIJla CTaHIMsI OTpaboTaia CBOM BEK U €e OCTAHOBWIIM, MOJ3EMHOE PACIIOIOKEHUE MOKA3al0 CBOU
3BEPUHBIN OCKAJL.

®panirysckas sHepreTuueckas kopropaiusi EDF B cBoux oTueTax npsiMo MpU3HAET: pacrioso-
JKEHHMe peaKkTopa B TECHOM CKaJIbHOH Melepe MpeBpaTUio JeMOHTaX B HACTOSIIMI KOIIMap. Y3Kue
MIPOXO/bI YYIOBUIIHO YCJIOKHUIM JOCTYI K (POHSIIEMY 0OOPYIOBaHHIO, BBIBO3 TSIKEJIOTO JIOMA U
OTKAUKYy I'PsI3HON PaJJMOAKTUBHOM BOIBI. Pa30opKa CTaHIINK BHYTPU T'OPBI OKa3aJiach B pa3bl CJIOKHEE
1 JIOpO’ke aHAJIOTMYHBIX orepauuii Ha 00bIYHBIX ADC, CTOAIIMX MOJ OTKPHITHIM HEOOM.

OnbIT (ppaHIly30B CIYKUT T'PO3HBIM NPEAYIPEKACHUEM IJISI BCEX COBPEMEHHBIX CTAPTAIIOB:
Mpsiya PeakTop Moj 3eMIII0, Bl MOKETE COKOHOMUTD Ha CTPOUTENLCTBE, HO PUCKYETe Pa30PUTHCS Ha
€ro JEMOHTAXE.



B. Cunrx. «MupHblii atoM. [Tog3eMHble aTOMHBIE CTAaHIIUN»

ABapusi BHyTPH MIBENIAPCKOro MoJA3eMHOr0 peakTopa

Hcropus nog3eMHOro aromMa 3HAaeT HE TOJIBKO MHKEHEPHBIE TPUYM(BI, HO U CEPbE3HBIE ITPO-
Basibl. CaMbIM M3BECTHBIM MHIMIEHTOM CTala aBapys Ha IIBEULIAPCKOM SKCIIEPUMEHTAIBHOM CTaH-
nuu Lucens.

ITOT KPOILIEYHBIM PEAKTOP MOIIHOCTBIO B HECKOJIBKO METaBaTT TAKXKE Pa3MECTUIIN B PyKOTBOP-
HOM Ierepe BHYTpU 3eieHoro xoiama. OH paboTall Mo XUTPOH cXeMe, UCTIONb3Ys TSKENYyI0 BOLY IS
3aMeIJIEHNs] HEUTPOHOB M YIVIEKUCIIBIM Ta3 J1 OTBOJA TeILIA.

3umoit 1969 roga B 0THOM U3 TOIUIMBHBIX KaHAJIOB ClIyuywiiach Oefa: HapyIlIWIach LIUPKYJIs-
IVsI CTIACUTEJILHOTO Ta3a. YpaH MIHOBEHHO PAcKaJIMIICs, ero 00O0JNIOYKa JIOMHYNA, a CKaYoOK JlaBJe-
HUS pa30opBajl BHyTPEHHUE TPyObl peakTopa. TOMIMBO HAYaIoO IIAaBUThCS, U PaJOaKTUBHAS TPS3b
BBIOPOCHJIACH IPSMO B MOJ3EMHBIN 3al.

B 310T MOMEHT CKasbHAA Meniepa Chrpaja CBOI ITIABHYIO POJIb. TsKesble KaAMEHHbBIE CBOJBI
HaJIeKHO 3aIlepii paJualivio BHYTPH, U )KUTEJIM COCEAHUX TOPOJKOB JIaXe He y3HAIM 00 MHLUJICHTe
— HHU MaJseiiiero BrOpoca Hapyxky 3a(pMKCHpOBaHO He OblI0. OHAKO caMy CTaHIMIO CIIACTU HE
yZIaJI0Ch, OHA OblTa pa3pyllieHa HaBcer/a.

JlukBuaLuMs MocneCTBUI 3aTSAHYNACh HA JecATHIeTUs. PacmaBieHHoe TOIMBO coOupau
0 KycKaM, 00Opy/IOBaHME aKKYPaTHO pe3aJii Ha METAJIJIONOM, a 3apakeHHbIE YYaCTKU CKaJIbl BBIPY-
6a1u 1 MbUM XuMKKaTamu. [ToHagoOmock Oosblile TPUALATH JIET, YTOOBI BJIACTH HAKOHEL] PU3HAIN
3Ty IUIOLIAJKY a0COMIOTHO OE30MACHOM U CHSIM C Hee CTaTyC sIEPHOTO OObEKTa.

Apapusa B [lIBennapun — 310 Jydnias wumoctpanus K cropy o nopzeMueix A9C. Ckana
IEHCTBUTENILHO pabOTaeT KaK MealbHBIN Oapbep, CIOCOOHBIN CliepKaTh PACIUIABJICHHYIO aKTHUBHYIO
30Hy. Ho ropa — 310 He mananes. OHa He criocoOHa 3aMEHUTh COOOI Ha/IeKHbIE HACOCHI, YMHYIO
ABTOMAaTHKY M KaUeCTBEHHbIE TPYyObl BHYTPH CAMOTO PEaKTOpA.
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Ilouemy noazemunie ADC He cTaJau MacCOBbLIMH

I Ha Bce 9T peaM30BaHHBIE NMPOEKThI, BOBHUKAET PE30OHHBIM BOMPOC: €CIU Ujesl TaK
XOpOI1Ia, TOYeMY JEBSHOCTO AEBATh MPOLIEHTOB BCEX AaTOMHBIX CTAHLIMI B MUPE BCE PABHO CTPOST
Ha OTKPBITOM BO3/1yXxe?

OrtBet KpoeTcs He B (pusuke, a B 3koHOMUKe. [IpopyOaTh B MOHOJIMTHOM CKaJjle OrPOMHBIE 3aJIbl,
apMHpOBaTh CBOJbI, IIPOKJIA/IBIBATh MHOTOKMJIOMETPOBBIE TOHHEJIN U TAHYTh HA TIyOMHY MOILIHbIE
BEHTWIALIMOHHBIE MAXThl OKa3aJI0Ch HEMBICIUMO Jloporo. Ilpu 3ToM cam peakTop He CTaHOBHJICA
Ipolle — eMy BCe TaK ke TpeOOBaJICs MPOUHBII CTATBbHON KOPITYC, HACOCHI M CUCTEMbl aBAPUITHOTO
[JTyLIEHUS.

Ckasa 3amuinana oT naJaoliux caMoJIeToB, HO CO3/1aBajla BOPOX HOBBIX, OBITOBBIX IPOOJIEM.
3arHarh B [1elepy OrpOMHBII aporeHepaTop ObUIO NOYTH HEBO3MOKHO. JII000i1 oxkap B 3aMKHYTOM
TOHHeJIE MPeBpaIlaJICs B CMEPTEJIbHYIO JIOBYILKY [JIs1 pabourX. DBaKyallusl YCIOKHSIACh B pasbl, a
BBIBO3 TSIKEJIOr0, (POHSIIEro 000pYyJOBaHM MPEBPAIANICS B JIOTUCTHUECKUH aJ]. PpaHITy3cKast UCTO-
pyisi C MyYHUTETBHBIM IEMOHTXXEM CTaJla OCJIEHUM I'BO3/IEM B KPHIIIKY rpo0a 3TOi KOHLETIIIMM 1S
OOJIBIIION SHEPrEeTUKH.
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YeM NPoOEKT B CKBAKHHE
OTJIMYAETCS OT NMpeAeCTBEeHHNKOB

Bce ucropuyeckue nogzeMHble CTAaHIMU CTPOMJIKCH 0 OJHOU U TOM ke MpocToll (pustocopuu:
CHayajia Hy)XHO BBIPYOHTb B TOpPE OrPOMHBIN MOABAN, a 3aTeM COOpaTh B HEM OOBIYHYIO aTOMHYIO
CTaHLMIO.

Konnent Deep Fission nepeBopaunBaeT 3Ty JIOTUKY C HOT' Ha I'OJIOBY.

AMepHKaHCK1e MHKEHEpbl MPEeAsIaraioT BOOOIIEe OTKA3aThCsl OT MOA3EMHOIO CTPOUTENIBCTBA.
Bmecto 3TOro OHM XOTAT COOMpaTh TOHKMH, IJMHHBINA peakTOp-KapaHaall Ha OOBIYHOM 3aBOJE, a
3aTeM IPOCTO OIYCKaTh STOT T'OTOBBIH LIMJIMHAP B TOTOBYIO, INTyOOKYI0 OYpPOBYIO CKBaXHHY, 0 KpaeB
3aI0JIHEHHYIO BOJIOM.

370 pasnuyue MeHseT BCE.

B mBeackux wim (paHIy3cKUX Neliepax onepaTop MOr CIyCTUTbCs Ha JU(Te, IPOUTH IO
KOPHAOPY, NOCITyIIaTh IyAeHre TypOUHbI, TPUHECTH JIECTHUILY U FA€UHBIM KJIIOYOM 3aTSHYTh IO/ITe-
KaloUIMi KJjlanaH. B CKBa)XMHHOM peakTope 3TOT HOMep He Ipoiiaer. YenoBek npocTo (pU3MUECcKH
HE CMOXET MoA00paThcs K MalldHe, BUCSIIEH B y3KOW TpyOe Ha TIIyOMHE MOTyTOpa KUJIOMETPOB.
Jlro6oe, axke camoe IMyCTSIKOBOE 0OCITY)KMBAHUE MPUAETCS BHIOIHATH JIMOO YMHBIMH pOOOTaMU C
MOBEPXHOCTH, JIMOO MOTHOCTBIO BHITACKMBASI MHOTOTOHHBIA PaJIMOAKTUBHBIN LIVUTMHAP HAPYKY.

B oOmeH Ha 3Ty 4yOBHIIHYIO CJIOKHOCTb B 0OCITY)KMBaHUHM, IPOEKT MOTy4YaeT Oecriperie/ieHT-
HYIO 3alUTY: KWIOMETPbI [IIYXOH NOPOJbl HE MPOObET HU OIUH OYHKEpPHbI CHApsA U HE JOCTaHEeT
HU OJHO L[yHAMHU.
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B. Cunrx. «MupHblii atoM. [Tog3eMHble aTOMHBIE CTAaHIIUN»

I'1aBHBIN YPOK NPOILLIOTO

Ecnu BHUMaTeIbHO MPOYUTATh UCTOPUUYECKYIO JIETOMUCH MOI3EMHOIO aTOMa, MOKHO BBIHECTH
YeThIpe KeJ1e300€TOHHBIX MpaBUjIa, KOTOpble OyAyT aKTyaslbHbI 711 JIIOObIX HOBBIX CTapTarioB.

IlepBoe: Toma 3eMJaM U KaMHSI — 3TO JEWCTBUTENIBHO Jiyylllasi, OeciulaTHas U aOCOIOTHO
HerpoOrBaeMasi 3alUTa OT JOOBIX BHEIIHUX KaTacTpod M paauallMOHHBIX yTeuekK.

Bropoe: npsiack mon 3emuieid, Bbl He 3allIMINaeTe peakTop oT camoro ceds. TpyOsl OymyT
pBaThCsl, @ HACOCH KJIMHUTD OIMHAKOBO YacTO KaK Ha MOBEPXHOCTH, TaK U Ha IIyOMHE THICSYU MET-
POB.

Tpertbe: yueM ITyOke U HaJeKHee Bbl 3aKOMaeTe CBOI0 aTOMHYIO CTAHLIMIO, TeM OoJIblIe Clie3 U
JEHET Bbl IOTPATUTE Yepe3 COPOK JIET, KOIja MPHUIET BpeMs pe3aTh ee Ha METaJJIONIOM.

YerBepToe: KOHIIENT CKBAXWHHOTO peakTopa He sIBisieTcsl Oe3yMHOM (haHTa3uel C YKMCTOro
JUcTa. DTO IPsAMOE, CMEJIOe pa3BUTHE UJEH, KOTOpble COBETCKHE, (DpaHIly3CKUe M IIBeHLapcKue
MHKeHepbl OOKaThIBAJIM €11l MoJIBeKa Ha3zal. [IpocTo Tenepb aTOMHBII KOTEJ NBITAIOTCS 3aCYHYTh HE
B IIPOCTOPHYIO TEIIEPY, a B y3KOE FOPJIBIIIKO OypOBOMl TPYOHI.
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B. Cunrx. «MupHblii atoM. [Tog3eMHble aTOMHBIE CTAaHIIUN»

I'naBa 2. PeakTop moa KMHJIOMeTPOM BOJbI - MOKET
JIM CKBa’KMHA 3aMEHUTDb 3alIUTHYI0 000J109Ky ADC

BOonBbIIMHCTBO aTOMHBIX 2J1E€KTPOCTAHIMIA XOPOIIO 3aMETHbl M3fajieka. OrpoMHbIe 3/1aHHUS
PEAKTOPHBIX OT/IEJEHUI, JblIIAIIKE apoM IPaJANPHH, UCTIOJIMHCKUE MAIIMHHBIE 3aJIbl U PEe3E€PBHBIE
CHCTEMBI OXJIAKJICHHS 3aHUMAIOT TUIOIIA/Ib, CPABHUMYIO C HEOOMBIIMM roposioM. Ho amepukaHckast
TexHoJornyeckas komnanusa Deep Fission npefaraer paiukaiabHO U3MEHUTD STY IPUBbIYHYIO MHIY-
CTpUAJIbHYIO KapTHHY: OHa HAMEpPEeHa OIyCTUTh HEOOJIBIIION BOAO-BOASIHON PEAKTOP B BEPTUKAJIBHYIO
CKBQ)XKMHY ITyOMHOM OKOJIO OJHOI MUJIM, YTO COCTaBJISIET IPUMEPHO MOJITOPA KUJIOMETPA.

Ha noBepxHOCTH 3eMJIM OCTaHyTCS JIMIIb TypOMHA, TeHEPATOP, JEKTPOOOOPYAOBAHHUE U ITYJIbT
yIIpaBJieHHs. A BOT CaMOe Cep/1ie CTAaHLIMK — CaM PeaKkTop, AKTUBHAsI 30HA U YaCThb TEIIOOOMEHHOTO
obopynoBaHus — OyJeT HaJeXKHO CIPSATAHO ITyOOKO MO, 3eMIIEH.

B nonynsapHoil nmpecce 3Ty YCTaHOBKY MOCHEUIMIM OKPECTUTh SIEPHOM OaTaperKoi, OJHAKO
TaKoe ONpe/ie/ieHNe B KOPHE HEBEPHO. DTO HE PAAMOU30TOIHBII UCTOYHUK, KOTOPbIN AECATUIETUAMU
BBIJIaET KPOLIEYHBIE MTOPLIMY IEKTPUUECTBA IIPOCTO 3a CYET ecTecTBeHHOro pacnaza. [Ipoekt Deep
Fission npeacraBiiseT co00i HACTOAIIMI, NOJHOLIEHHBI PeakTop JeJeHUs C sIepHbIM TOILJIMBOM,
UPKY/IMPYIOLIAM TETJIOHOCUTENIEM U CIIOXKHOHM CHCTEMOM NMPeoOpa30BaHusI TeIljIa B KMJIOBATTHI.
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B. Cunrx. «MupHblii atoM. [Tog3eMHble aTOMHBIE CTAaHIIUN»

Yro mpoucxoaut B Kanzace

Jlerom 2026 rona B mrate Kanzac, Ha rutomaike B ropofe IlapcoHe, mpor3oluio BaskHOE COObI-
tue. Crienmanuctsl Deep Fission nqoctaBuiu Tyna coOpaHHbIM Ha 3aBOJIE CTATbHON MPOTOTHUIT PEeaK-
TOPHOTO KOHTeWHepa. DTa OrecTsinas KOHCTPYKIIHS YKe YCIEIIHO MPOoIIlia KeCTKUe IMIpocTaThye-
CKHU€ UCTIBITAaHM S, HO SIIEPHOTO TOIUTMBA BHYTPH HEe MOKa HerT.

Konreitnep npuBes3nu He AJis1 TOTO, YTOObI 3a)KeUb aTOMHBINA OTOHb, a JUIs1 OTPAOOTKU 3eMHOM
JorucTUKY. MHkeHepaM HyKHO JJOKa3aTh, YTO OHU CIIOCOOHBI O€3 3aMUHOK COOpaTh 3Ty MaxWHY,
©e30IacHO MEePeMECTUTD €€ HaJl YCTheM, IJIABHO OMYCTUTh B CKBAKMHY, a 3aTeM 0e301IMO0YHO MOJI-
KJIIOYUTh BCE KMJIOMETPOBBIE TPYOOIpoBoibl M Kabenu. Cama KOMITaHHS Ha3bIBA€T TOT STl MPo-
rpamMMo¥ OATBEPXkIeHUsI KoHenuu. [1o cyTu, 3To reHepasibHasi peneTuius, pu3BaHHasl OTBETUTD
Ha IJIaBHBIN BOIIPOC: MOKHO JIM B TIPUHITUIIE ONIEPUPOBATh TAKUM MACCUBHBIM U CJIOKHBIM 000PYHO-
BaHMEM Ha ITyOUHE MOTyTOpa KIUJIOMETPOB.

Jlo npuOBITUS KOHTEeWHepa Ha 3TOW K€ IUIOMIAKe YCIear MpoOypUTh HMCCIeIOBATETbCKYIO
CKBaXXMHY ITyOMHOH MOYTH B THICSYY BOceMbcOT MeTpoB. [IpaBna, ee quaMerp cocTaBiisieT BCEro
OKOJIO BOCBMH JIIOMMOB, ITO3TOMY OITyCTUTb TyAa PEaKTOp (PU3MUECKU HEBO3MOXKHO. DTOT y3KUMU ITPO-
KOJI B 3eMJI€ HYXK€H HUCKJTIOUUTESIbHO I'e0JIoramM: OHU U3Y4aloT TeMIIepaTypy, TUAPOIOTHIO U YCTOUYH-
BOCTh MECTHBIX KaMeHHBIX Topof. Criemytonmm, Kyaa 0osee CIOKHBIM M JIOPOTUM IIaroM JIOJIKHO
cTaTh OypeHue HACTOSIIEH, IUPOKONH KOMMEPUYECKON CKBaKUHBI.

IToaToMy rpoMKO 3asBJIATH O Hayaje CTPOMTENLCTBA JeHcTByoen noazeMHon ADC noka
npeskaeBpeMeHHO. KoMmnaHus U3rotoBria MEeTaJUIMYECKU MaKeT, U3y4nsia IPYHTHI U TOJIBKO TOTO-
BUTCS K CaMOU HempeaCcKa3yeMol 4acTH MPOeKTa — CO3[AHUI0 ITyOOKOro, MIMPOKOro KOJMOAIA U
MOTPYKEHUIO B HETr0 000PYIOBAHUSI.
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B. Cunrx. «MupHblii atoM. [Tog3eMHble aTOMHBIE CTAaHIIUN»

Kak noJikeH padoTaTh 03€eMHBIN peakTop

OdunmanbHOe Ha3BaHHE MPOEKTA 3BYUUT MHTPUTYIONIE — PABUTAIIMOHHBINA SIIEPHBIA peak-
Top. HO CJI0BO rpaBUTAIIMOHHBIN 3/1€Ch YKa3bIBAaCT HE HA KAKOM-TO S9K30THUYECKUI METOJT paciiierie-
HMsI aTOMa, a Ha 3JIEraHTHOE MCIOJIb30BaHUE YYJIOBHUIIHOIO JaBJICHUs, KOTOPOE CO3JaeT BHICOKHI
CTOJIO BOJIBI B CKBaXKHHE.

BHyTpH CTaIbHOrO KOHTEHWHEpa CKPbIBAETCS TABHO 3HAKOMasl, TPOBEPEHHAs IECATUICTUAMU
TEXHOJIOTUs KJIACCHYECKOr0 BOIO-BOISHOIO peakTopa. B Takux MarivHax camast OObIuHast, HO He-
aJIbHO OYHMINICHHAs BOJIA BBIMOJIHSET CPasy JIBE KM3HEHHO BakHblC (DYHKIIMHM: OHA YHOCHT Xap OT
PacKaJIeHHOrO ypaHa W OJHOBPEMEHHO TOPMO3HUT ObICTPBIE HEUTPOHBI, MOAJEPKUBAS POBHOE JbIXa-
HUE [IETHON peaKIyu.

Bopa BHYTpHY peakTopa HarpeBaeTcsi 0 TPEXCOT rPalycoB, HO (PM3UIECKHU HE MOKET 3aKHUIIETh,
MOTOMY YTO HaXOQUTCS IO/l KOJIOCCAJIbHBIM JaBiieHnneM. Ha kiaccrueckux HazeMHbIX ADC 3710 J1aB-
JIeHWE UCKYCCTBEHHO HArHETAIOT TMTAaHTCKHE HACOCHI M CTIEIIMAJIbHbIE KOMIIEHCATOPBI, 8 YAECPKUBAIOT
€ro HEBEPOSITHO TOJICTHIE CTAJIbHbIE CTEHKH PEAKTOPHOI'O KOPITyCa.

Urxenepst Deep Fission mpeiaraioT U3sIIHO MEPEOKUTh 3Ty padOTy Ha TUICUM CaMOH TTPH-
ponpt. [TpsAMo HaJ peakTOpOM B CKBakMHE OYIET CTOSThH CTOJIO BOBI BHICOTOM B MOJITOPA KMJIOMETPA.
ITOT BOIASHON CTOJIO JaBUT HA JIHO C CUJIOW TIPUMEPHO B CTO MIECTHAECAT aTMOcdep, UToO UIeaTbHO
COBIAAET C pabOYMM JaBJicHUEM OOJIBITMHCTBA COBPEMEHHBIX aTOMHBIX CTAHIIUH.

TTprOIMKEHHO 3TO MOKHO MPEICTABUTS IO MIKOJBbHOM (DOpMyJie: JaBIeHHUe PaBHO IMJIOTHOCTH
BOJIbI, YMHOKEHHOW Ha YCKOPEHHE CBOOOIHOIO MajleHUust U YMHOKEHHOW Ha BBICOTY CTOJIOA BOIBL.
Kaskiple JecsiTh METPOB IIyOMHBI I0OABJISIIOT B KOMUIKY MIPUMEPHO ofiHy armocdepy. Ha riyoune
THICSTYM IECTUCOT METPOB MbI KaK pa3 U MoJydaeM UCKOMBIE CTO IIECThAECT atMochep.

OpHaKo 3TO BOBCE HE O3HAYAET, UTO BOJIA M3 CKBAXKUHBI OyIET IMPOCTO MPOTEKaTh CKBO3b ypa-
HOBbIE TA0JMETKHU. PaOaK TUBHbIN TEIIOHOCUTE)h HAJIEXKHO 3aIePT U [IUPKYIUPYET UCKITIOUUTETHHO
BHYTPH CBOETO 3aKPhITOro KoHTypa. CBOH jap OH OTIaeT NIyOMHHOMY TeIUIOOOMEHHHKY, KOTOPHBIH, B
CBOIO 0Yepe/ib, HArpeBaeT YKCTYIO BOLY BTOPOIO KOHTYPa, U YK€ OHa YCTPEMJISICTCS Ha IIOBEPXHOCTh
K TypOuHam. Cama KOMIIaHMSI METKO CPAaBHHMBAET 3Ty CXEMY C IeOTepMaJIbHOM JIEKTPOCTAHITUEH:
KUTISIIAA HCTOYHKK CIIPSATAH ITyOOKO B HEIPaX, a YMCTOE HEKTPUUECTBO POKIAETCS MO OTK PHITHIM
HEOOM.
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YT0 0CTaHeTCsl HA MOBEPXHOCTH

KpacuBas kapTuHKa, Ha KOTOPOH BCSI aTOMHAs CTAHIMS UCYE3aeT B Y3KOM CKBaKMHE, HEMHOT'O
IpeLNT NPOTUB UCTUHBIL. [loz 3eMilio yiAeT JUIIb PeakKTOPHbIA MOJLYJIb, YPAHOBBIE KACCEThI, HACOCHI
NIepBOr0 KOHTYpPa U TEIJIOOOMEHHHUK.

Ha noBepxHoCTH HEM30€KHO OCTaHETCsl BHYIIMTEIbHBIN MHLYCTPHAIBHBIN MapK. 30ech OymyT
ryleTh TypOMHA U 3JIEKTPOreHepaTop, BHIOPACHIBATH JIMIIHEE TEIIO KOHAEHCATOPHI, BO3BBIIIATHCS
TpaHcOpMaTophl U TAHYTHCS JIMHUM 7eKTporiepead. Hukyna He IeHyTcs 1 JucneTyepekas ¢ ImyJib-
TaMH yIpaBJieHHsI, 000pyIOBaHKE IJIs1 CIIO)KHOTO OOCTYKMBaHUsI CKBXKWHBI M 3AIUIIIEHHBIE X PaHU-
JIMIIA TSI CBEKETO U OTPadOTABIIEro sSAEPHOTO TOILIMBA.

ITosromy ckBaxkuHHast ADC HMKOrJa He MPEeBPaTUTCA B HENPUMETHBIM KaHAIW3alMOHHBIN
JIOK MOCPe/in MIIEHUYHOTOo Mosns. M TeM He MeHee, ee Ha3eMHBbIi ciie/l JeUCTBUTEIbHO OKAXETCs B
HECKOJIBKO pa3 CKpOMHEE, YeM Y TPaIUIMOHHON CTAHIIMH C €€ UCTIOJIMHCKUME OETOHHBIMU KYTIOJIAMH.
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KakoBa MOIITHOCTH YCTAHOBKH

B npenBapuTesnbHBIX JOKYMEHTax, MoAaHHbIX B Komuccuio mo siepHOMY peryarpOBaHUIO
CIIA, nepBblid MPOTOTHUII ONKCHIBAETCS KaK BOAO-BOASHOM MUKpopeakTop. Ero teruoBas mor-
HOCTb 3asIBJIEHA HA YPOBHE COPOKa ISATH MEraBaTT, YTO Ha BBIXOJE AACT OKOJIO MATHAALATY MEraBarT
YHCTOTO MEKTpUYeCcTBA. UTOOBI MOYYBCTBOBATH MAcUITa0, IOCTATOYHO BCIIOMHHTB, YTO OJIMH COBpE-
MEHHBIN SHeprooyiok kiaccuueckoir ADC BbIIaeT B CTO pa3 OOJIbILE SHEPTUM.

O[HOro Takoro CKBaKMHHOTO MAaJIbIIIA BIOJIHE XBaTUT, YTOOBI 3alUTATh YJAJECHHbIA PYJHUK,
HEOOJIBIION TOPOJOK Ha Kpaio reorpaduu, BOSHHYI0 0a3y WIM YacTh MOIIHOTO BBHIYMCIUTEIBHOTO
neHTpa. Ho 1151 sHeprocHaGkeHus1 Meraronica OJHOM JbIpbl B 3eMJIe SIBHO HE XBaTHUT.

18
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KoHen 03HakoMuUTEJIbHOT0 (pparmMeHra.

Texkcr npenocrasinen OO0 «JIutpec».

IIpounTaiiTe 3Ty KHUTY LIEJIMKOM, KYIMB II0OJHYIO JIETaJIbHYIO Bepcuio Ha JluTpec.

BesomnacHo onnatuTh KHUTY MOKHO OaHKOBCKOM Kaprtoit Visa, MasterCard, Maestro, co cuera
MOOWIIBHOTO TenepoHa, C TUIaTeKHOro tepMuHana, B catone MTC wm Cesi3Hoii, yepes PayPal,
WebMoney, fAunekc.densru, QIWI Komesnek, 60HyCHbIME KapTaMu WX APYTUM YIOOHBIM Bam crio-
coOom.
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