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3ajavya OKOHYATENbHON M3O0JMSLMM PaAMOaKTUB-
HbIX 0TX010B (PAO) BO3HMKIIA BO BTOPOJ ITOJIOBUHE
MPOIIJIOTO BeKa B CBS3UM C aKTUMBHBIM pa3BepThi-
BaHMEM HAy4YHO-UCCIeI0BATENbCKUX U BOEHHBIX
SII@PHBIX IIPOTPaMM U Pa3BUTHEM B MUPE aTOMHO¥
JHepreTuKMU. B cBoeM pelleHMM OHa MOpolLIa He-
CKOJIbKO 3TAaroB, UTO MO3BOIWIO HAKOMUThH 6OJIb-
10V MEXKITYHAPOIHBIN OIBIT, KOTOPBI MOXKET ObITh
rosie3eH AJisl CTpaH, NMPUCTYNAWIIUX K CO3TaHUI0
HalMOHAJIbHBIX ITYHKTOB 3aXOPOHEHMSI pajuoax-
TUBHBIX 0TX0H0B (I13PO).

B HacTosiIee BpeMs B Mype BbIpaboTaHa emyHas
TTOJINTUKA B BOIMPOCAX KOHEYHOW cTamuy obparie-
Husg ¢ PAO, B OCHOBe KOTODOI1 JieskaT MPUHIMIIBI
MHOT06apbepHOii 3al[UThl OKPYXXAIOIIei Cpemsl,
3alIUThI XXKU3HU U 300POBbsI HaceJeHNs, TIPUHIINUIT
HeoOpeMeHeHMs] OymyIIyX MOKOJIEHMIi mpobiemMa-
Mu obpaienust ¢ PAO.

OpHako, HeCMOTPS Ha IMPOKYIO MeXKAYHAPOAHYIO
KooIlepalMio M eAMHCTBO B TOAXOJaxX K OKOHYA-
TenbHOM n3onsauyu PAO, B pa3HbIX CTpaHaxX MMEKT-
Csl CyIlleCTBeHHbIe pasauumsi Mpyu pelieHuUu TeXHU-
YeCKMX ¥ OpraHM3alMIOHHBIX BOIIPOCOB CO3LaHMUS
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ITyHKTOB 3axopoHeHust PAO. DTo 06yCJIOBIEHO 0CO-
0eHHOCTSIMM HOPMAaTMBHO-TIPaBOBOI 6a3bl, 3KO-
HOMUYECKUMU, TIOIMTUUYECKUMY, COLMATbHBIMU
(axkTopamMy, KIMMATUIECKUMM U TeOJIOTMYeCKUMU
0COOEHHOCTSIMM PACTIONOKEHNS CTPAHBI.

e/nbt0 HACTOSILEN CTATbU SBJSIETCS KPaTKUit
aHaMNU3 TeXHUUYECKUX pellleHUl, MPUMeHsIeMbIX Ha
CYIIECTBYIOMNX OOBEKTaX OKOHYATETbHOM M30JIS-
uyy PAO u B pa3pabaThiBaeMbIX ITEPCHEKTUBHBIX
npoekTtax [13PO, g BbISIBJIEHUS OCHOBHbBIX TE€H-
IeHIIMII B TeXHOJOTUSIX 3axopoHeHuss PAO pasnnu-
HBIX KaTeropuii B eBpOIIeiiCKMX CTpaHax.

B Hacrosimee Bpemsi 3axopoHeHne PAO — 3TO
peaqu30BaHHAs CTagus OOpalleHMus] C OUeHb HU3-
koakTuBHbIMU oOTXomamyu (OHAO), ¢ KOpOTKOXM-
BYIIMMM HM3KOAKTUBHbIMU oTxogamu (KHAO) u
KOPOTKOXXUBYIIMMM CPESHEAKTUBHBIMU OTXOAaMU
(KCAO) B 60/1bIIMHCTBE €BPOIMNENCKUX CTpaH. Bo-
MPOCHI 3aXOPOHEHUST TOATOKUBYIIUX HU3KOAKTUB-
HbiX (JHAO) M IOATOXMBYIIMX CPeAHEAKTUBHBIX
orxonoB ([ICAO), a Takke BbICOKOAKTUMBHBIX OTXO-
moB (BAO) 1 oTpaboTaBlIero SifepHoro TOILIMBA
(OMT) HaxomsATCs B CTaaAuM paspaboTK.
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TexHo102UU OKOHYAMEbHOU U30/19UUU PadUOaKMUBHbIX 0MX0008:
esponelickuli oneim u meHOeHyuU

B Ta6n. 1 mpencrasiena mHbOpMAaIUs O Cylle-
cTByOIIVX U npoektupyembix [I3PO B pspe es-
pOINEeNCcKUX CTpaH, 3KCIUTyaTUPYIOIMX aTOMHbIE
3JIEKTPOCTaHIMK. JleTanbHblii 0630p 3apy6esKHBIX
MPaKTUK 3aXOPOHEHMs [IpeficTaBlIeH B [1].

3axopoHenue OHAO

Ins okoHuaTenbHOM u3onsuuyu OHAO, mepuof,
MOTeHLMATbHOM OTACHOCTM KOTOPBIX BO MHOTUX
crpaHax He mpesbimiaer 100 JyieT, MCIONb3YIOTCSA

Ta6nuya 1. Xapakmepucmuka 3P0, ucnosb3yeMbix u npoekmupyembix 8 psoe esponelickux cmpaH

Tun N3P0, saHHbIe NO BMELLAIOLWMM NOPOAAM U

HasBaHue, roapl Kareropusm uzonupyembix PAO

Bmectumoctb N3P0

JKcnayaTauuu HaseMHbI¥ (nnun MoaseMHbiit Tny6uHHbIN
nonysarny6neHHbiid)| (rnybuHa go 100 M)  ((rybuHa 6onee 100 m)
CSM, 1969-1994 KHAO, KCAO - - 527 Thic. M}
CSA, 1992 — H.B. KHAOQ, KCAO - 1 mMnH M3
Cires, 2003 — H. B. - - 650 Thic. M*
®paHuums
HeT cBeaeHui - _ - 180 Tbic. M*
A SRR, | o) e ; 100 Thic. M
Vcnanus 1992 — H.B.
EL Cabril (Vault 29-32), ) .
2007 — H.B. OHAO 130 Tbic. M
Benuko- Drigg, 1959 — H.B. KHAO - 1 mnH M
OpuTaHna  GDF, cpoKM He U3BECTHbI - [HAO, ICAO, BAO, OAT. Okono 650 Tbic. M*
HAO, CAOQ, 3
ASSE 11,1967-1978 = 510—750 m Okono 25 TbiC. M
Morsleben, ) HAO, CAQ, 37 ThiC. MP
1972-1998 480 M :
[epMaHus Konrad
) - 3
Gorleben ) BAO, O4T, Oxkono 16 1 BAO, OAT
840—1200 m (~ 9000 ynakoBok)
be3 Ha3BaHug, ) 3
pus bes Ha3BaHua, ) 317 ynak. BAO,
2060-2075 1894 ynak. 04T
CcAt project, 2016—2031 KHAO, KCAO - 30.6 TbiC. ynakoBOK
benbrus HeT caenenmit i 11,1 bic. M® IHAOQ, ICAO,
A 600 M BAO
SFR, ) ) 63 ThiC. M’,
1988 —no H.B. Pacwwmpenue go 200 Tbic. M*
SFL, ) ,
Weeums KBS-3 = _ 6000 ynakosok
Oskarshamn, 1986—2025 OHAO - 10000 m?
Studsvik, 1988—2010 OHAO - 1540 m?
Forsmark, 1989—-2040 OHAO - 17000 m?
Ringhals, 19932030 OHAO - 10000 m?
VU Olkiluoto, ) ) 5 tbic. M* KHAO,
1992 — H.B. 3,5 Thic. M> KCAO
@uHNAH- VU Loviisa, ) 3
5,4104T
RWTDF, 1976 —2005 KHAO - 5 Tbic. M?
BeHrpus  Bataapati, 2012—-2037 - _ 40 Tbic. M®
2064-2079 - [IHAO, [ICAO, BAO, OAT Her ceepeHmit
YcnoBHble 0603HaYeHUS: - [MWHbI - CKanbHble nopoapbl Conun
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3axopoHeHue PAO

Puc. 1. TexHonoeus 3axopoHeHuss OHAO Ha nnowadke
A3C Oskarhamn (lLieeyus) e npoyecce so3gedeHus
nokpelgarwezo 3KkpanHa [2]

yrpoieHHbsle KOHCTpyKuumu [13PO B BuAe TpaH-
ey u KypraHoB (puc. 1, 2). be3onacHOCTb JaHHbBIX
COOPYKeHMIT obecrieunBaeTcs I[JIaBHBIM 00pa3soM
MHOTOC/IOVHBIMIM TOKPBIBAIOIIMMU U TOACTUIAI0-
/MU S5KpaHaAMMU.

[IBegckmit mmyHKT 3axopoHeHus: (I13) OHAO Ha
wiomanke A3C Oskarhamn mpeacrasisier cob6oit
HEMpOHUIIaeMOoe OGeTOHHOEe OCHOBAaHME TOJIIMHOI
0,5M, KOTOpoe pasMemaeTcsl Ha IBYXMETPOBOM
CJIoe eCTeCTBEHHOJ MOpEeHbI, C 3acChIIKON CMecu
raJlbKu ¥ KaMeHHOM Kpowku. YrnakoBku OHAO
YCTaHaBIMBAIOTCS B BUAE TMPOTSIKEHHOTO KypraHa.
CBOOOAHOE TIPOCTPAHCTBO 3aChIMAETCS ITECKOM, a
CBepXY C03[aeTCsl MOKPBIBAIINIA 5KPaH, BKIIOYAI0-
1M1 CMeCh TaJIbKM ¥ KaMeHHOM KPOUIKU, TUApaBIN-
yeckuii 6apbep 13 6eHTOHNUTA C KAMEHHOI KPOIIKOi1
TomuyHoi 0,4 M, 6eHTOHUTOBBIN TEKCTU/b, Taaey-
HbIJ IPEHaKHBIN CJI0V, TeOTEeKCTUIIbHBIN MaTepual,
MOPEHHBIN CJIOV TOMIIMHONM 1,2 M, KOTOPbIN CBEPXY
3aKpbIBAETCS paCTUTEIbHBIM I'PYHTOM [2].

LlenTpann3oBaHHbIN ITyHKT 3axopoHeHnsi OHAO
CIRES Bo ®paHIuM mpeacraBiseT coboii CeTb
TpaHIeli Iy6UHON 8 M B IPUITOBEPXHOCTHOM CJI0€
[JIMHBI, HAJl KOTOPbIMU YCTAaHOBJIEHbI BPeMeHHbIe
yKpeITHS. [loCe 3aronHeHns: TpaHIIen U CO3TaHUs
KypraHa u3 yrnakoBok OHAQ, 3acbImaHHbBIX IECKOM,
HajJ, KypraHOM CO3/1aeTcsl MOKPbIBAIONIMI 3KpaH
U3 TIONUITUIEHA BBICOKONM TMJIOTHOCTU TOMIIUMHON
2 MM, [JIMHbI, M3BJIEUEHHON IIPU M3TOTOBJIEHUM
Tpanieit (ot 1 mo 5 M), 6ydepHoro marepuana Ha
OCHOBE IJIMHBI (2,5 M), CJI0ST TPYHTA IJIST 3€JI€HbIX
Hacaxpenuii (0,3 m) [4].

3axoponenne KHAO 1 KCAO

IMepsbie 113 KHAO u KCAO B Benuko6putanum,
@®paHuyy ¥ Benrpum mpencraBisii co60it coopy-
SKeHMsI, aHaJIOTMYHbIe TeM, KOTOpbIe ceifyac Ipu-
MEHSIOTCSI TONMbKO i1 3axopoHeHust OHAOQO. OrmbIT
SKCIUTyaTalM 3TUX TPUINOBEPXHOCTHBIX 13 KO-
porkoxxkuBymux PAO, peann30BaHHBIX B BUJE MMPO-
CTBIX TPaHIIE MM KypraHoB, 3aIlOJTHEHHBIX YIia-
koBkamy PAO ¢ mocienyommum co3gaHMeM 3aluT-
HOTO TMOKPbIBAIOIEr0 9KpPaHa, BbISIBUJI TPYOHOCTU
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Puc. 2. TexHonozaus 3axopoHeHuss OHAO obvekma Cires
Ha nnowadke Morvilliers (Gpanyus) [3]

¢ obecrieueHMeM HaIEKHOM U3OMSIIUY PAIVOHYKIIN-
IIOB 6€3 IOTIOTHUTETbHBIX 3aIIUTHBIX 6apbepoB [5, 6].

DBOJIIOLMS TIOAXOHNOB K 3axopoHeHMo PAO nipu-
Bejia K TOMY, YTO Ha CErOoNHSIIHUI JeHb Ha3zeM-
Hele [13PO g5t KHAO 1 KCAO (®pannus, Mcrianms,
Benbrus) mpeacTaBisioT co60ii TOCTATOYHO CIOK-
Hble MHXKEHEepPHbIE COOPYKEHUS B BUe OETOHHBIX
OTpakIaloNIMX KOHCTPYKLNI, 060pyoOBaHHbBIE CHU-
CTEeMOI1 IpeHa’ka BO3MOXKHBIX ITPOTEYEK C CUCTEMA-
MM KOHTPOJISI I HAOJTIOeHMSI.

CoBpemeHHasl KOHIIEIIMSI HA3€MHOTO 3aXOpOHe-
uust KHAO 1 KCAO opHolt 13 ITepBbIX OblLIa peatn-
30BaHa Bo ®paHuuu Ha o6bekTe CSA, CIpoeKTH-
POBaHHOM Ha 6ase OmbITa SKCIUTyaTallii COOPYKe-
Hud 3axopoHeHus CSM, #eliCTBYIOLIEro B Mepuof,
¢ 1969 o 1994 rop. KoHCTpyKIIMSI COOPY>KeHUST 3a-
xoponenust CSA (puc. 3) nmpencraiseT coboii ke-
J1e300€TOHHBIN MOMIYJb 25 M IIUPUHOI 1 8 M BbICO-
TOJ, MOAEJIEHHBI Ha OTCeKU. B OTCeKM MOCTOBBIM
WJIM KO3JI0BBIM KPaHOM MOJ, BpeMeHHbIM HaJBUXK-
HBIM KapKaCHbIM COOpY>KeHMEeM yCTaHaBJIMBAIOTCS
B 1ITabenp yrakoBky ¢ PAO. ITo Mepe 3amoHeHUsI
OTCEeKOB MPOCTPAHCTBO MeXAY YyIakOBKaMM 3a-
TIOJTHSIETCST TecCYaHO-OeHTOHUTOBOI CMechlo. 3a-
TTOJTHEHHBII OTCEK XpaHEeHUS CBEPXY OeTOHMPYeTCs,
00pasyst skeje300eTOHHBIN Ky6. Momyan 3axopo-
HeHMS TToc/Ie 3aIl0JIHeHNsT M 6eTOHMPOBAaHMUS BCeX

Puc. 3. HazemHeili [13P0O ons KHAO u KCAO eo ®paxyuu [1]
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Puc. 4. Mpoekm HazemHozo 13PO dng KHAO u KCAO 8
benveuu [13]

OTCEKOB IMOKPBIBAIOTCSI MHOTOCIONHBIM TTOKPBITU-
eM, hopMuUpyIOmMUM Kypra [7].

[MI3BPO CSA 06e3aBapuitHO SKCIUTyaTUPYETCS C
1992 roga, u B HacToslIIee BpeMsl TeXHUUECKIEe pe-
LIeHVSI, peayIN30BaHHbIe [IJIS1 JAHHOTO IyHKTa 3aX0-
POHEHMSI, TUPAKUPYIOTCS AJIST APYTUX CTpaH. AHajo-
ruyHble KOHCTPYKUMK [I3PO mpuHSTHI AJ1S1 3aX0PO-
HeHust PAO B Vicnanuu [8], JIutse [9], Ykpaune [10].

B Benbvrum st saxoponenuss KHAO n KCAO pea-
JIM3YeTCsl TOX0XKasl KOHIIeMIIMsI Ha3e MHOTO ITyHKTa
3aXOPOHEeHNSI, HO AOTOTHEeHHAsI TeXHUUEeCKUMU pe-
LMIEeHUSIMU TI0 OpraHu3anuy KOHTPOJISI Haj, COCTOSI-
HMEeM yITakoBoK ¢ PAO. KoHCTpyKIIMs 6ebIMiiCKOro
T3P0 (puc. 4) obopymoBaHa rajgepeeii Ojs IpoBe-
IeHUsI MHCIEeKIMOHHBIX MPOBEPOK COCTOSIHUSI CO-
opyxenus [11, 12].

Takum 06pa3oM, Ha IEpPBBIX JTANAX IKCIUTyaTa-
uyu [3PO dakTuyecky mpeacTaBisieT co60ii MyHKT
nonroppemMeHHoro xpaHeHuss PAO ¢ BO3MOXXHO-
CThIO USBSTHUS YIIAKOBOK.

B psape crpan KHAO u KCAO rmogjiexxaT 3axopo-
HeHMI0 B mopaseMHbix II3PO rnybunHoit mo 100 m
(IIBeuyist, ®UHAAHOUS — B CKJIbHBIX IOPOLAX) U
naxke rmyouHHbIX [13PO Ha rmy6ouHe 6omee 400 M
(TepmaHus — B BbIPAbOTKax COJISTHBIX (hopMaliuii,
[lIBerinapus — B NIMHAX).

®unackuit II3PO Olkiluoto repository (puc. 5)
MpeACTaB/sieT OO0 1B BEPTUKAIbHBIX IMAXTHI

Puc. 5. Mpoekm nodsemHozo 3P0 VU Olkiluoto repository [16]
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TexHono2uu 0KOHYaMenbHOU U30AAUUU PaOUOAKMUBHbIX 0MX0008:
esponelickuli oneim u meHOeHyuuU

(myist KHAO u gt KCAO), pacniosioxkeHHbIE B CKaJlb-
HBIX MMopojax Ha mrybuuHe ot 60 mo 100 meTpos.
[[laxThl 0ObEAVIHEHBI CBEPXY OOMIMM MOHTasKHBIM
3aJI0M, COOOMIAIIMMCS C HA3€ MHbIM KOMIIEKCOM
MOCPEeCTBOM HAaKJIOHHOW pamIibl A1 AOCTAaBKU
PAO cnenaBTOTpaHCnopToM. Takke B CKaJlibHbBIX
MOpOoAax 3KCITyaTUPyeTCs BTOpPOe IMOA3eMHOe CO-
opykeHMe M1 3aXOPOHEHUS KOPOTKOKUBYIIUX
HAO n CAO na miomazaxe ASC Loviisa [14].
IIBeackuit moasemusbii II3PO SFR gyist KHAO u
KCAO (puc. 6), mo-cTpoeHHbI Ha Iy6rHe 60 M B
ckabHOI nopope B6am3u ADC Forsmark, BkirouaeT
maxty guametrpom 28 m u raybunoi 70 m (53 M —
pabouasi 4acTh) OJisl pasMelleHysT OeTOHHBIX KOH-
TeiiHepoB ¢ KCAO 1 yeTbipe TOHHES AjIMHOM 160 M
IJIT pasMelneHus] GeTOHHBIX M MeTa/UTMYeCKUX
koHTeliHepoB ¢ KHAO. B 2014 rony xomnauus SKB
nofasa 3asBKy Ha pacimmpenue [13PO SFR. B coot-
BETCTBUM C JAHHBIMM pelIeHUSMU IUIaHUPYETCS
BBITIOJIHUTD 1E€CTh TOPU3OHTAJbHBIX BbIPAOOTOK
nmuHoit 240—275 m Ha rayoune 120—140 m (mon,
CYIIeCTBYIOIIMM TOPU30HTOM 3aXOpPOHEeHUs), CO-
eIMHEHHBIX C HaseMHbIM KomiuiekcoM II3PO mo-
CpeACTBOM HAaKJIOHHOWM IIaxThl AjauHOM 1,7 kM. B
cTyvyae peanusanyiu miaHoB Komiauuy SKB o61ast
BMectumocTh [I3PO SFR coBmMecTHO ¢ pacuiMpeH-
HOJ yacTbio cocTaBUT 0koso 200 Thic. M3 PAO [15].

Puc. 6. Tpoekm nodzemHozo 3P0 SFR ebnusu ASC Forsmark [17]

B Benrpumu c 2012 roga B pernoHe Bataapati skc-
ryatupyercs rmyouHHbI [I3PO BMeCTMMOCTbBIO
40 teic. M* mist KHAO m KCAO ot ASC Paks. BbI-
paboTKM nJig 3axopoHeHms B maHHoM II3PO pas-
MEIIAI0TCS B CKAJIbHBIX TIOPOJaX Ha IyOMHEe OKOJIO
250 m. Ha 3axopoHeHMe MoCTyIaiT 6eTOHHbIE KOH-
TeifHepbl, B KOTOPBIX pa3MelleHbl O0YKM C TBep-
IbIMU VI OTBEpPXKIEHHbIMM OTXOomamu. CBOOOS-
HOe TIPOCTPAaHCTBO MEXAY OOUKaMU 3a/IMBAETCS
IleMEeHTHBIM pacTBOpPOM. PaccMaTpuBaeTcCs Takxke
BapMaHT IPYMEeHEHUS CTaIbHbIX KOHTETHEPOB 15T
KHAO, mnosBonsgwomuii yBeIMuYUTb BMECTUMOCTb
coopyxxenmii [13PO [18].

B IlIBeiimapum pa3paboTaH KOHIIENTYaJIbHbIN
npoekTt I[13PO gns KHAO u KCAO. B cooTrBeTCTBIUM
C IIPOEKTOM OTXOAbI IJIAaHMPYeTCS pasmelaTb Ha
ryouHe okono 400 M B IIMHSHBIX (DOpMaIysX.
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3axopoHeHue PAO

CoopyskeHUsT 3aXOPOHEHUs IMPEeICTaB/IsIOT co60it
MacCUB TOPU30HTAbHBIX TOHHEEeN IJIMHOI 0KOIO
200 M, pacIio/IoKeHHbBIX MMapauieIbHO APYT APYTY U
COeMHEHHbIX B TOPIle TPAHCIIOPTHBIM TOHHEIEM.
[Mon3eMHbIe COOpPYKeHMUS COeAMHEHbI C Ha3€ MHbIM
KOMIIJIEKCOM [IBYMSI BepPTUKAJIbHBIMM IIaXTaMU
(BEHTWJISILIMOHHOM U TEXHOJIOTMYECKOI) ¥ HAKJIOH-
HOJi paMIIOi, 10 KOTOPOI1 NOJIKHA OCYILLECTBIISThCS
JocTtaBka KoHTeliHepoB ¢ PAO Ha ropM3oHT 3axo-
poHenus [19].

3axoponenue JTHAO u ICAO

@paHIy3CKMII KOHIIENTYaJIbHbIN MPOEKT pac-
cMmaTpuBaeT ABa BapuaHTa 3axopoHeHus [JTHAO, co-
Jepkamyx paguil, yrinepon-14 u npyrue goyiroxu-
BYILIME PAOVMOHYKIN]IbI, B MIMHSIHBIX HOpMaLysIX:

- Ha rry6uHe ot 15 mo 30 M B TpaHIIesx;
- Ha mrybuHe ot 50 mo 200 M B MaccuBe TrOpU30H-

TaJIbHBIX BHIPaGOTOK.

Bmectumocts T13PO cocraBut okono 180 Thic. M3
PAO. K 2019 roxy mo/mkHa 3aKOHUMTBCS paboTa I1o
orpeneneHno mecra 3axopoHennsi JJHAO, mocie yero
OymyT MpopabaThIBaThCSI KOHKPETHBIE MHKEHEPHO-
TexHmyeckue peutenys [20]. 3axoporenue [ICAO Bo
@panimm riaHupyeTtcs ocyiiectsisaTh B [13PO Cigeo
COBMECTHO C BBICOKOAKTMBHBIMY OTXOAAaMM [21].

B Benbrun 3axoponenne JTHAO, ICAO, BAO win
OMIT, B cimyuae OTKasa OT €ro rnepepaboTKu IJIaHU-
PYIOT OCYIIECTBJSATh B eIMHOM InyouHHOM II3PO,
pasMeIeHHOM B IIMHUCTBIX IMOPOIax Ha ITyOuHe
220 M B Tpex rajepesix nuMamMeTpoM 3 M U IJIMHON
no1000 m xaxkmas. ITnoiaaka Ha JaHHbIA MOMEHT
ele He BpIOpaHa. B KauecTBe MOTEHIMATbHBIX BMe-
AKX [MOPOJ, paccCMaTpUBAIOTCS MMHBI Boom
clay u Ypresian clay [22].

B IlIBennu 3axopoHenue JTHAO u JJCAO mnaHu-
pyeTcst ocyiecTBasITh B ry6uuuom I13PO SFL. Ha
CETONHSINIHUI TeHb Pa3pabaThIBAIOTCS KOHIIEIITY-
asibHble BapuaHThl gaHHoro II3PO, omnpepensercs
IUIOIAAKa €ro pasMelleHMus], BeAyTCs HayYHO-MC-
clemoBaTeIbCKMe pas3spaboTku. B cooTBeTCTBUMM
¢ aHamu koMmraHuyu SKB peanmsanys mpoekrta
IOJDKHA HavaThcs He paHee 2035 roga [23].

B Benrpumu gj1s1 3axoponenust JHAO, ICAO, BAO
u OAT mnaHupyloT co3math rmyouHHbI [13PO B
CKaJIbHBIX TOpopax. IIpoBeleHMe WMHKEHEPHbBIX
M3BICKAHUI TUIAaHUPYIOT 3aKOHUMTH K 2030 romy.
Io 2054 roma GymeT MocTpoeHa Mopa3eMHas J1abo-
patopusi U TIpOBelleHbl HaTypHbIe MCCIeA0BaHMSI.
C 2055 roga mo 2063 roga riaHUPyeTCs] CTPOUTENb-
ctBo [13PO 1 nonyyeHue NMLIEH3UMM Ha IKCIUTyaTa-
LIMI0, KOTOpasi LO/KHA HavaThes ¢ 2064 ropa [1].

3axoponenue BAO u OSIT

B cooTtBeTcTBUM ¢ pekoMeHmauusimu MATATO u
HallMOHa/JIbHBIMM 3aKOHOpaTenbcTBaMy BAO 1 OAT
TITOZ/IEKAT OKOHUATEIbHOM U30JSIUN B ITYOMHHBIX
I13PO (OAT — B cTpaHax € OTKPBITHIM SIIEPHBIM TO-
TUIMBHBIM ITUKJIOM).
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B IlIBenum ¢ 1970-x rogoB BemeTcs: pa3paboTka
Ty6uHHOTO MyHKTa 3axopoHeHus OST 1 BAO B co-
OTBETCTBUM C KOHIIeIIIMei 1o Ha3BaHnuem KBS-3.
[Tnomanka MmyHKTa OKOHYaTeabHOM naonsauuu OAT
pasmetaetcs B pervone ADC Forsmark B rpanuTo-
MIHOM MacCHBe Ha IyouHe okono 500 m (puc. 7).

Puc. 7. Modensb coopymeHus 3aXopoHeHus 8 coomgemcmauu
¢ koHuenyuel KBS-3 [24]

[Mog3eMHbIVi KOMIUIEKC BKIOYAET 1eHTPaIbHYIO
YyacTh, KOTOpasi CoeAMHEHa C 3eMHOJ I[OBEpPXHO-
CTBIO CIIMPAJIEBUIHON pamnon s goctaBku OAT
U 4YeThIPbMSI BEPTUKAJIbHBIMU WIAXTaMU [JiI 10-
CTaBKM HETEXHOJIOTMUECKMX I'PY30B, BEHTUJISIINN U
BBITPY3KM TTOPOJIbI, ¥ CETb TOHHEJIEI, B OCHOBAaHUM
KOTOPBIX IPOOYPeHbI CKBasKMHBI IJISI pasMeneHus
B HUX KOHTeltHepoB ¢ OT [25].

KoHTeitHep myis1 OTpabOTaBUIMX TEIJIOBBIIEIS -
omux c6opok (OTBC) mmuamerpom 1,05 M, BbICO-
TOV 4,8 M U TOJIIMHON CTEeHOK 50 MM M3TOTOBJIEH
u3 padMHMPOBAHHOI Menu. BHyTpM KoHTeliHepa
YCTaHOBJIEH MeTa/TMueCKuii BKIAIbIII J1s1 pasme-
menust OTBC. Macca KoHTeliHepa GPYTTO COCTaB-
nsget 24,6 T.

B O®OunHasHaMM I1UIoMAaAKa [JisSI 3aXOPOHEHMS
OMT, monyumBmias HasBaHue Onkalo, BeIGpaHa
BOmm3u ADC Onkwmiryoro. ITpakTuyeckue paboThl
Ha Iviolaake Havyanuch B 2004 ropy u 1o mnjiaHam
IO/DKHBI 3aKOHUMUTHCS K 2020 rogy.

3a OCHOBY IIpM pa3paboTKe TEXHUYECKUX pelle-
Huit Onkalo 6bIT B3SIT IIBEACKMIA IMPOEKT IYHKTA
3axopoHenust OMT, paspaboTaHHbI KOMIaHMelt
SKB. B cOOTBeTCTBUM C TIPOEKTHBIMU pelIeHUSIMU
TOPM3OHT 3aXOPOHEHMS pa3MellaeTcsl Ha TTyOuHe
420 m. Megnbie koHTeliHepbl ¢ OTBC ycraHaBiamBa-
10TCSl TI0 1 1IT. BEPTUKAIBHO B CKBaKMHBI IMiame-
TpoM 1,75 M u ryouHoit 7,8 M. CKBaXXMHbBI pacrio-
JIO’KeHBI Ha PacCTOSIHMM OKOJIO 9 M ApYT OT Apyra
U CBEPXY COeMHEHbl TOPU3OHTAIbHBIM TOHHE/IEM
(ToHHeneMm 3axopoHeHus). B II3PO HeckonbKo ne-
CSTKOB TOHHEeJel 3aXOPOHEeHUsT COeqMHEeHbI MEX Ty
c060i1 B ceThb obmieit miomanpo 1,5 kvm?. ITogsem-
Hasl 4acTh COEIUHSETCS C 3€MHOJ ITOBEPXHOCTBIO
TPaHCIIOPTHBIM TOHHEJIEM IJIMHOM OKOJIO 5 KM U
TpeMsl IIaXxTaMM, TPUTOUHON BEeHTWISILIMOHHOM
1IAXTOM, BBITSDKHOM BEHTWMJISIIMOHHOM IIAXTOM U
LIaXTOM AOCTYIIa MepcoHaIa.

Bo ®panuunu pisa 3axopoHenusi BAO u IICAO
B 2025 ropgy, B cooTBeTcTBUM C TpoekToM Cigeo,
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IJIaHMPYeTCs 3alyCTUTh B sKkcIutyaTauuio [13PO, ko-
TOpOe pasMelleHO Ha TpaHuIle PernMoHoB Meuse u
Haute de Marne, B ceBepo-BOCTOUYHOJ YacTy Ha ITy-
6uHe ~500 M B aprM/UTMTOBBIX opmarusx (puc. 8).

Puc. 8. Modenb nyHkma okoHuyamensHoul uzonayuu PAO
no npoekmy Cigeo [26]

[IpoekTHbIE pellleHuss pa3pabOTaHbl [IJIsT 3aX0PO-
HeHust 73,5 toic. M3 JICAO (180 TbIC. KOHTETHEPOB)
u 10 Tbic. M®> BAO (60 ThIC. KOHTEIIHEPOB).

[Ton3emMHble COOpPY>KeHMS IIPeNCTaB/ISIIOT CO-
60i1 rOpu30HTaIbHbIE BHIPAOOTKM, COEIMHEHHbIE
MEXIy co00ii TOHHENIMU U cHOPMUPOBAHHBIE B
IBe 30HBI: 30HY 3axopoHeHust [JCAO u 30HY 3ax0-
poHeHust BAO.

TpaHcniOpTHAsI CBSI3b TOPU30OHTA 3aXOPOHEHUS C
3eMJielt OCyIIecTBIISIeTCs C TTIOMOIbI0 QYyHUKYIepa,
repeMeInaIerocs Mo HaKJIOHHOMY PeIbCOBOMY
IyTU JIJIMHOM OKOJIO 5 KM. [l obecrieueHus BEH-
TWISIIUM TOPU30HTA 3aXOPOHEHMs, TOCTaBKM Ma-
TepUaJiOB, a TaKKe BBITPY3KM MOPOJbI MPenyCMO-
TpeHbI COOTBETCTBYIOII/Ee BePTUKaTbHbIE IIaXThI.

CpenHeakTUBHBIE OTXOIbl TUIAHUPYETCS pa3Me-
1aTh B KAHUCTPAX M3 HepykaBelolell CTalu, KOTO-
pble TTapaM¥ OOJKHBI YCTAHABIMBATHCSI B JKeJie30-
6eTOHHbIN KOHTeliHep. KoHTeliHepbl pa3MelaroTcst
B IPSIMOYTOJIbHBIX TOPU3OHTAIBHBIX BhIPabOTKAX B
1rrabesnb 1mo 2 miT.

[TepBrUHbBIE YITAKOBKU C BBICOKOAKTUBHBIMU OT-
xogamMu (KaHMUCTPBI M3 HepykaBewllei cTaan) ria-
HUPYeTCsl YCTAaHABIMBATh B CTAJbHBIX TOJICTOCTEH-
HbBIX UMJIMHAPUUECKUX KOHTeliHepaX. [JaHHble KOH-
TeliHepbl pa3MelnialTcs MOocIef0BaTeIbHO APYT 3a
IPYTOM B TOPM3OHTAJIBHBIX TOHHENSIX AanHoi 100
M, OOJMIIOBAHHBIX CTAjJbI0 U PaayaJbHO BBIXOIS-
LMX U3 IJIaBHOTO TPAHCIIOPTHOTO TOHHEJS TO0CTaB-
ku BAO. Texnonorust 3axoponenuss BAO u IICAO
paspaboTaHa C Y4EeTOM BO3MOKHOCTM ITOCIEIYIO-
1[ero M3BJIeUeHMs YIIaKOBOK C OTXOaMM.

B IlIBejiiapuu CTPOUTENBCTBO ITyHKTa 3aXOpOHEe-
Husa BAO u OAT Hameueno Ha 2050-e rogpl. [I3PO
IJIaHMPYeTCs pasMellaTh Ha TTyomHe okoymo 600-
800 M B rmHsIHBIX popmanysax. Hapsay ¢ BAO Ha
TOpPM30HTE 3aXOPOHEHMUs TakXKe AOJIKHbI pasme-
matbest JJCAO. B cOOTBeTCTBUM € KOHIIENTYaIbHBIM
npoektoM BAO u OST pomKHBI pa3MelaTbCs B
TOPM30HTAIbHBIX TOHHE/SIX AMaMeTPOM 3 M U JIJIU-
HoV okono 800 M, pacIiONOKEHHBIX ITapaJlyieJIbHO
IPYT APYTY U COeMHEHHbBIX B TOP1ie TPAHCIIOPTHBIM
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TOHHe/ieM. PaccTosiHMe MeXIy TOHHEeISIMU I OJDK-
HO COCTaBsATh OKONO 40 M. [IpoCTpaHCTBO MeEXAY
CTeHaMM TOHHeJSl 3aXOpOHEeHUs U yIakOBKaMu C
BAO win OMT rutaHupyeTcsl 3amojHATh TPaHyIn-
POBaHHBIM 6eHTOHUTOM. YITakoBKY ¢ BAO mau O4T
JIOJKHBI pa3MeniaThCsl Ha PACCTOSTHUM 3 M IPYT OT
npyra. Yepes kaxapie 10 ymakOBOK JO/IKEH BO3BO-
IUTHCS 3aLUTHBINA CJI0i TOMIIMHON 8 M 13 6eHTO-
HUTOBBIX GJIOKOB U rpaHyl. Honroxkusyuiyue CAO
MperoaaraeTcsl pa3MelnaTh B MapaiebHbIX TOH-
Hensx gnuHou 200 m [27].

B TepmaHuu, HeCMOTpSI Ha 3HAUMUTEbHbIE MMPO-
paboTKM mpoekTa Ijs1 3axopoHeHuss BAO B coms-
HbIX (opmanusax (Gorleben), B mociaemHue rombl
aKTMBHO BeAYTCS pabOThI IO TOMCKY ajabTepHa-
TUBHBIX BMEIAIOIIMX TOPOJ,. DTO CBSI3aHO C TeEM,
YTO MCIIOJIb30BaHMe COJISHBIX opmaimii ms 3a-
xopoHeHusi PAO gns EBporibl HeTUIIMYHO. B Kaue-
CTBe TIepPCIEeKTUBHBIX T'eoJOoTMYecKMUX (Gopmalnii
paccMaTpUBaKOTCSI B TOM UMC/ie KPyITHbIe MaCCUBBI
IJIMH B C€BEPHOI YaCTU CTPAHbl U OTHOCUTEIHHO
He6OIbIIINE 3aJIeXKM IIMH Ha 1ore [28].

3ak/loueHue

B eBpomerickux cTpaHaxX HAKOMJIeH MHOTOJIETHUI
OIBIT CO3JaHMSI U IKCIUTyaTalM MPUIIOBEPXHOCT-
HbIX TYHKTOB 3axopoHeHuss OHAO, KHAO u KCAO.
[IpoBOASITCSI BCECTOPOHHME HAYYHO-UCCIeH0Ba-
TeJIbCKIME, OTMbITHO-KOHCTPYKTOPCKME U MPOEKTHO-
MU3bICKATEIbCKYE PAOOTHI JJIs1 ITYOMHHOTO 3aX0PO-
Henus JHAO, 1CAO, BAO u OAT.

B Tabsn. 2 mpenacTaB/ieHbl PeUIEHUS IO TUIIAM
IM3PO gnst pasnuuHbIX KaTeropuit PAO, mpuHs-
THIX UM Pa3pabaTbIBAeMbIX B PsIfie €BPOTEIiCKUX
CTpaH.

Onsi 3axopoHeHusi OHAO wucnonb3yloTcst cia-
60 3amyblieHHbIe ¥ Ha3eMHbIE COOPYKEHMS,

Ta6bnuua 2. lanHele no munam [13PO, ucnonezyemeiM u
npoekmupyemsiM 8 pside eeponelickux cmpaH

Kateropun PAO

| OHAO | KHAO,KCAO |IHAO,[ICAO_BAO, OAIT |

Tun N3P0

LlIseumns BennkobputaHus
®paHuns  OpaHums
HazemHbIi Mcnanus McnaHus
BeHrpus
benbrus
[Mop3eMHbii Weeuns (1)  ®@paxyus (2)
(8o 100 m) ®OuHnaHamns (1)
Oparyus (2)
benveus (2)
Ulgeyus (1) Leeyus (1)
[NyGUHHbI QuHngHous (1)
lepmanus (3) [lepmanus (2) lepmarus (4)
Ulseiiyapus (2) Ulseiiyapus (2)
Benrpus (1) Berepus (1)
MpuMeyaHus: 1 — ckanbHble NOPOAbl, 2 — MMUHbI,
3 - consiHble hopMaLmm, 4 - xxenesopyaHas LaxTa.
Kypcusom abideneHsl npoekmupyemsie [13PO
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3axopoHeHue PAO

6e30IMacHOCTb KOTOPBIX 00eCIeurBaeTcs 3a CYeT

CO30aHUS 3aUIUTHBIX MOACTUIAIOIIVX U MOKPbIBA-

IOIIMX 5KPAHOB.
3axopoHenre KHAO u KCAO ocyuiectsisieTcsl B

MIPUMIOBEPXHOCTHBIX COOPYKEHUSIX KaK Ha3€MHOTO,

TaK ¥ MOA3eMHOr0 THUIIA, pa3MellaeMbIX Ha TIyou-

He 1o 100 m.

C MomeHTa Co3haHus nepBbix HazeMHbIx [I3PO
TexHO/MOTUM 3axopoHeHUsT PAO cyIiiecTBeHHO U3-
MeHWICh. KOHCTPYKIIMM COBpeMEeHHbIX Ha3eMHBIX
I13PO mnpegycMaTpuBalOT OETOHHBIE OrpPaskaalolIe
KOHCTPYKIMH, IpeHaxX MHOWIbTPALUMOHHBIX BOM, U
BO3MOKHOCTb M3BJIEUEHMsI YIIAaKOBOK (TIpY HEOOXO0-
IUMOCTH), UTO (PaKTUUECKU JeJIaeT TaKye COOpyKe-
HMSI XPaHWINITIAMY Ha TIepUOL, aKTYBHOTO KOHTPOJISL.

[Tonzemubie TI3PO png 3axopoHeHusi KHAO u
KCAO sxkcrutyatupytorcs B llIBetinu u OUHASTHAUH,
B 'epmanun u Benrpun. B llIBeliiapun riaHupyer
pasMeniaTbh KOPOTKOKMBYIIME OTXOAbI B TIyOMH-
HowM I13PO.

IMpaktuka 3axopoHenusi [JHAO, IICAO, BAO u
OSIT Ha cerogHSIIHUI NEHb OTCYTCTBYeT. OgHAKO
B OOJIBIIIMHCTBE €BPOIEICKMX CTPaH paspaboTaHbl
npoekTbl myouHHbIX [I3PO mjisg takmx PAO. Kaxk
npaBwio, rmybuHHble II3PO paccuMTaHbl Ha 3a-
xopoHeHue THAO u [ICAO B eqiHOM KOMILJIEKCe C
BAO u O4T.

B kauecTBe BMelIalOUMX MOPOJ IJiSI CO3AAaHUS
ToA3eMHbIX U IMyouHHbIX [13PO mpemmonaraeTcs
JUCIOb30BaTh CKaJibHble ropoabl (IlBerys, OuH-
nauausi, Benrpusi), 3anexu rmuH (Opanuus, benb-
rus, Tepmanus, [Beiimapus) u consiHbie dopMma-
uuu (Tepmanns).

KpaTkuii aHanu3 TeXHUUECKUX pelleHui, Mpu-
MeHSIEMbIX Ha CYIIEeCTBYIOIINX U MPOEKTUPYEMBIX
00beKTax OKOHYaTeabHOI M3onsiuum PAO B eBpo-
MeiCKMX CTpaHax, Mokas3aja MHOroo6pasye Momaxo-
OB B TEXHOJIOTMSIX 3aXOPOHEHMS ¥ BBISIBUJT O0IIE
TeH[IeHI[MY, HaIlpaB/JieHHble HA TIOBbIIIEHME 6e3-
0OnacHOCTU 3axopoHeHus PAO:

« OTKa3 OT C1a003arayOJIeHHbIX COOPYKeHMIt IJIst
3axopoHeHUsT KOpOoTKOkuBymux HAO u CAO u
repexop inbo Ha Ha3eMHbIe, MO0 Ha IMOI3€ MHbIEe
COOPYKEHMS, CO3/laBaeMble Ha INTyOMHE TeCITKOB
U COTE€H MEeTpPOB;

« TIPAKTUYECKM TOJNHBIN OTKa3 OT MCIIOIb30BaHUS
CONSIHBIX (hopMalnii U SBHAS TEHOEHIWS Ha VC-
MoJb30BaHMe 3ajeXxell INIMH B TeX CTpaHax, Iie
OHU VMEIOTCSI;

« VICTIOJTb30BaHMe TEXHOJIOTUil 06paTMMOro 3aXo-
pOHEHMSI, TTO3BOJISIIOIINX M3BJIEKAaTh YIAaKOBKU C
PAO Ha cTagusix akTUBHOTO KOHTPOJIS.
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