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Llens pabomel — oueHka HakonneHus **C 8 dpesecHoli pacmumensHocmu om 8bibpocos bunubuHckol A3C 3a
gecb nepuod 3kcnayamauyuu. M3meperus *C nposedeHbl MemoOOM YckopumensHol Macc-cnekmpomempudu.
Memoouyeckuli nodxo0 uccnedo8arHus no3gosnsem npocaedums OUHAMUKy HakonsaeHus C e dpesecHbIx Kosb-
uax naucmeeHHuysl 3a 1974—2022 2a. lMonyyeHHble pe3ynsmamesl Haxodsmcs 8 duana3oHe om 233,91%1,16
0o 315,7*1,75 bk/ke C. Haubonvwuli sxknad evibpocos bunubuHckoli ASC 8 codepxarue **C cocmasngem
13,9+1,2 br/ke C, 0H ycmaHos/ieH 8 200UYHbIX KOMbUaAxX depesbes, copmuposarHsix 8 2020 2. B paccmampuga-
eMOM cekmope npeumyuecmaeHH020 HanpasaeHus eempa 3a 48 nem 3kcnayamayuu peakmopHbIX YCMAaHOB0K
3ITI-6 HakonneHo 4,2%0,6 Mbk **C,ymo cocmasnsem He 6onee 3,56-107%% cymmapHoeo 8vibpoca **C bunubuHckol
A3C 3a OaHHbIl nepuod. C yyemom 3asepuieHus 3Kcnayamayuu 3Hepao6a0ko8 3ITI-6 nomyyeHHbIe YHUKAbHbIE
pe3ynemamsl Mo2ym Obimb UCNOb308AHbI 8 KaYecmeae UHOUKamopa 6e30nacHocmu HA 8cex 3manax 8s1800a U3
skcnayamayuu bunubuHckod A3C.

KntoueBble cnoBa: bunubuHckas A3C, sbibpoc, yenepod-14, HakonneHue paduoHyknudos, 200U4HbIE KOMbUA, IUCMBEHHUUA,

3anac O[JEBGCUHbI.

BBepneHue

B nocnegHee BpeMs yaenseTca NOBbILLEHHOE BHUMA-
HWEe He TONbKO BblbpocaM obbiuHOro yriepoaa [1], Ho
M ero paaMoakTMBHoro paauousotona '“C. AKTMBHOE
pa3BUTHUE apKTUYECKUX PErMOHOB NpeaonpenenseT be-
perKHoe OTHOLLEHME K MECTHBIM MPUPOAHbIM 06 bEKTaM,
LJ19 KOTOpbIX XapaKTepHa 0c060 BbICOKaA YyBCTBU-
TENIbHOCTb K BHELIHWM MapaMeTpaM BO3[ENCTBUA Ha
CnoxmBLUMECA 3KocucTeMbl [2]. OfHMM K3 Takux dak-
TopoB fABnseTcA '“C, KOTOPbI MOMET OHOBPEMEHHO
ObITb 1 YA06HBIM MapKepoM.

Crpoutenbcteo ASC B nocenke bunmbrHo Ha YyKoT-
Ke 6bl10 HayaTo B 1966 I. 1 NpeaycMaTpuBano Coopy-
HEHMe 4eTblpex 3HeprobsiokoB € rpaduTo-BOAHLIMU
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peakTopHbIMM ycTaHoBKamu 3JIT1-6 MoWHOCTbIO MO
12 MBT Kawablii. Belbop Tuna peakTopHOW yCTaHOB-
KU Obl1 0OYCNOB/IEH OMBITOM 3KCM/lyaTalyMu aTOMHbIX
CTAHUMIA C aHaNorMYHbIMU PEeaKTOPHbIMU YCTaHOBKa-
M AM (O6HuHCKaa ASC) n AMB-100, AMB-200 (be-
noapckaa A3C), a Takre MPOMbIWEHHbIX YpaH-rpa-
duUTOBLIX peaKrTopHbIx ycTaHoBoK. C 1974 no 1977 rr.
6blnV NocnefoBaTeIbHO BBEEHbI B IKCM/yaTaLmio BCe
YeTblpe 3Heprobioka. OauH 3HeprobsioK Hbin OCTAHOB-
neH B 2019 r. B gerabpe 2025 r. 6biIM OCTAHOB/EHbI
OCTaBLUMECSH TPY SHEProbJioKa.

ATOMHble CTaHUMK € rpaduTOo-BOAHBIMY pearTopamm,
K KOTOpbIM O0THOCMTCA BunnbmHckaa A3C, xapaktepu-
3YIOTCA HaubOMbLUMM 3HAYEHMEM HOPMasM30BaHHOMO
nokasartena Bbibpoca '*C Ha eauHWLY Npou3BefeH-
HoW 3neKTpoaHeprum (0,148 TBr/IBT4) cpean 3kc-
nnyatupyembix B Poccun ASC [3]. Tlpn 3ToM aKTyanb-
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Hble OLIEHKW 06Jly4eHUA HacesneHua oT BbibpocoB 'C
npu HopMasnbHon 3Kkcnnyataumm ASC C peakTopHbIMU
yctaHoBkamu PBMK-1000 u 3IT1-6 nokasanu manble
3HayeHnA rofoBoin 3GdEKTUBHON [03bl, CYLLECTBEHHO
MEHbLUME YCTAHOB/IEHHOrO MWHKMMAJIbHO 3HA4YMMOro
ypoBHA (10 MK3B/rog) [4]. O6nyyeHne Hacenexusa ot
BbIOPOCOB 3HEpro6/1o0KkoB bunnbuHckon A3C HaxoauT-
cAa B AnanasoHe oT 1,4 MKk3B (1998 r.) no 4,6 MK3B
(2020 r.) [5].

B rpa¢uto-BOAHbIX AQEpHbIX peaxTopax paauo-
yrnepoj rnaBHbiM ob6pa3om obpasyeTcs B pe3y/bTarte
[6] akTVMBaumm rasoobpasHoro asota '“N, akTMBaUMK
NPUMECHbIX 31leMeHTOB UCX0HOro rpaduTa. bonbluan
YacTb obpasosaBlleroca *C ocTaeTcsa B rpaduTte BO
BpeMA paboTbl peakTopa M He BblbpacbiBaeTcA B aT-
Mocdepy. OcHoBHas 4actb (~70—90%) HaKonneH-
Horo B rpadute '“C obpasosanacb M3 razoobpasHo-
ro asota no peaxumm “N(n,p)'*C [6]. CywecTBeHHO
MeHbLUWIA BKNaJ B obpa3oBaHue '*C BHOCUT pearuus
BC(I‘I,Y)MC.

B cBA3M c BbipaboTKol pecypca B 0603puMoii nep-
CreKTMBe 6yaeT Mpou3BOAMTLCA BBIBOA W3 3KCMya-
Tauum Bcex 3HeprobnokoB bunmbuHckoi A3C. KpaTHo
YBENNYUTCA MOCTynneHve yrnepopa-14 B atMocdep-
HbI1 BO34yX Mpy U3B/ieYeHnn 06J1y4eHHON rpaduToBol
knagku [7]. MpenBapuTencHble OLEHKM MOKAa3biBaloT,
4YTO CyMMapHasA aKTMBHOCTb rpaduTOBbIX OTXOLOB Ha
95% onpegenaetca Hanuunem '“C [8], npu duKcaumm
B MyHKTE PUHANBbHOW M30MALMM OHU cPOopMUpYIOT pa-
OMOaKTUBHbIE O0TX0bl 2-ro Knacca [9; 10]

B oTnmMume oT 6OMbLUIMHCTBA PaAMOHYKIMLOOB, Bbl-
6pacbiBaeMbix Npy HopMasnbHoW 3KkcnayaTaummn ASC, 14C
OTHOCWTCA K rpynne LOSITOXKUBYLLUMX, KOTOpble Moc/e
BbIGpOCa LMPKYNMPYIOT B npefenax 6uocdepbl 1 npo-
[LOJT*KAOT BHOCWTb CBO BK/A B 00/1y4eHMe HaceneHus
B TeyeHue AeCATUNETUN, XOTA U B KpaliHe MasblX UHAM-
BUIyasibHbiX fo3ax. O6syveHue HaceneHusa B pe3yJib-
TaTe rofoBOro Bbi6poca rn106asbHO LIMPKYIMPYOLIX
pagvoHyknmaoBs (*H, ™C, 85Kr, '?°l) co BpemeHeM byneT
MefdneHHo ysenuumBatbcA [11]. Kak u moboit nsoton
yrnepoga, '“C fABnsAeTcA OUOreHHbIM MAKpPOTPOGHBIM
3MIEMEHTOM, YYaCTBYIOWMM B OGMOrEOXMMUYECKOM Lin-
Kie 0OMEeHa Me[y KMBbIMU OpraHu3Mamu 1 abuoTw-
Yeckoli cpepoii. Bcnenctaue 3toro cdopMmpoBaHHbIN
B nepuog 3Kcnnyataumm ASC NoKanbHbIA yYacToK no-
BbILIEHHOMO cofiepranua '“C B pacTuTenbHocTn bynet
dYHKLUMOHMPOBATb KaK M/oWaaHol UCTOYHKK #C B Te-
YeHue OMTENbHOro nepuoaa Aarke nocsie 0CTaHOBKU
peaKTopOoB ¥ BbIFPY3KM TOM/IMBA U3 aKTUBHOM 30HBI.

MocKonbRy 06s3aTenbHbI MOHUTOPUHT '“C B BbI-
6pocax ASC B Poccum ocyulectBnsetca MeHee 10 neT,
OLIeHWTb aKTMBHOCTL '*C, nocTynmBLIero B aTMocdepy
OT MpoLlefLlen KcrIyaTaunMM peakTopHbIX YCTAHOBOK,
MPaKTUYECKN HEeBO3MOMHO. OTCYTCTBME WHCTPYMEH-
TaslbHbIX M3MepeHui BblbpocoB '“C B paHHKe roabl IKC-
nayaTaumMu A0EepHbIX PeakTOpoB M OOBEKTOB WUCMONb-
30BaHWA aTOMHOM 3HEpruM He MO3BOJIAET AAEKBATHO
OLeHUTb BbIGpoChl *C, a TaK e NocnefCTBUA TaKMX Bbl-
6pOCOB [/1A OKPYHKAIOLLEN Cpefibl U YeoBeKa.
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Bbibpoc paauvoyriepofa B npouecce 3KcnyaTauum
ATOMHBIX 3/IEKTPOCTAHLMIN MOMKET MPUBECTU K NIOKaSb-
HOMY YBE/IMYEHWIO €ro CoAepraHua B aTMmocdepe.
M3MeHeHUA ob6beMHon akTuBHocTM '*C B aTMocde-
pe MOXHO OLIeHWTb MO ero CoAeprKaHuio B FOANYHbIX
KONMbLAX [epeBbeB, MpoM3pacTalolmx B paroHe Mo-
TeHumManbHoro Bo3geicteuaA [12]. B npouecce ¢oTo-
CYHTe3a [epeBbsA NOrOLAT YrAeKUC/bI ras, B TOM
uncne '"CO,. PaKTUYeCKoe COOTHOLIEHWE W30TOMOB
paauoyrnepoa B OKpYrKatoLLEeM BO3yXe COXpaHAeTcA
B OpraHMyeckux BellecTBax ApeBecuHbl. B oTanumne ot
Opyrux coeMHEHW (CMoN, BOCKOB U T. A4.) Lennonosa
He MUrpupyeT B TKaHsAX AepeBa nocsie GopMmUpoBaHuA.
TakuM 06pasom, B LieoNI03e roanYHbIX Komel, coxpa-
HAITCA yaesbHble aKTUBHOCTU '#C, NPOMNopLMOHasIbHbIE
06BEMHBIM AKTMBHOCTAM OKpYHHaloLLero atMochepHo-
ro "*C (s Buge *CO,).

TexHoreHHbIM BKMafd OT BbIGPOCOB paauoyrniepoaa
Habnoganca B paioHe cnegytowmx A3C: UrHanuH-
croii (Jlutea) [13; 14], Kpwro (Cnosenus) [15], LiMHb-
waHb (Kutan) [16], boryHuue (Cnosenun) [17], nmeHn
aagmupana Aneapo Anb6epto (bpaswnua) [18], Makrw
(Benrpus) [19], XaHyn, BonbcoH, XaH6uT, Kopu (FOHan
Kopen) [20], YepHaBon3 (Pymblnna) [21], MNMukepuHr (Ka-
Hapaa) [22] v gp. B Halwen cTpaHe npeBbllleHWe yrnepo-
ha-14 Hap GoHOBOWM COCTaBAAKLEN B FOAUYHBIX KOJb-
uax adepeBbeB 3adurKcnpoBaHo okoso benoapckon [12],
BunmbuHckoii [5] n Kypcroii [7] ASC.

Lenb HacToswen paboTbl — OLEHKa 3arpA3HeHus
peBecHol pactutenbHocty “C B ycnosuax KpaiHero
CeBepa Ha npvmepe BblibpocoB bunnbuHckon A3C 3a
BECb Nepuof ee 3KChayaTaLuu.

MeToabl U MaTepuanbl

Mpv nnaHupoBaHuM paboT BbIbOp BMAA ApeBECHOW
PacTUTENIbHOCTU W MEeCTOMOJIOEHUA 0T6opa npob
ONA OOCTUMEHWA Lenelt nccnefoBaHua Npon3BoanicaA
C y4eTOM CBefleHWi 0 NiecHoM ¢oHAe 1 MeTeoposioru-
YECKUX AaHHbIX MHOTOMIETHUX HabMtoaeHwi [5]. JanbHe-
BOCTOYHbIN PepepanbHblin okpyr (APO), roe pacnono-
rKeHa bunmbuHckaa ASC, — KpynHelwunid no niaowaam
necHot pernoH Poccun. B necHom ¢doHae PO npeob-
NajatoT XBOWHble fleca, cpean KOTOpPbIX IMCTBEHHWUYHW-
KN 3aHMMAIOT OKOJIO 3/4 nnolaaw, NMOKPbLITON N1ecoM,
n 84,8% nnowaam xBoiHbix [23]. O6wmin 3anac ape-
BECUHbI ICTBEHHUUbI (61,2%) 3HauuTesIbHO npeobna-
JaeT Haj 3anacoM Bcex gpyrux nopog OMO — xBoi-
HbIX, TBEPLO- M MAMKOSMCTBEHHBIX. /13 obulero 3anaca
apesecvHbl IPO Ha YyKOTCKWMIA aBTOHOMHBIA OKpYr
(AO) npuxogutca 0,4%. OCHOBHbIM S1eCO06Pa3YIOLLMM
BMOOM Ha YyKoTKe ABnAeTcA nncTBeHHUUA KaaHngepa
(Larix cajanderi Mayr) [24]. CpefHuin 3anac nMCTBeH-
HUYHBbIX NnecoB B YykoTckom AO cocTaBnset 27 m*/ra
[23]. CTBONBI HEpOBHble, YACTO pa3BeTB/IEHHbIE WM
ycoxwue B BepxHen Yactu. [luameTp Ha BbicoTe 1,3 M
OT OCHOBaHusA cTBona gocturaet 50 cM [24].

OTbop roamyHbiX Konel nncTBeHHUUbl KasHgepa
OCYLLECTBAANCA Ha y4acTKe C HaMbonblWuM oxumaae-
MbIM MoCTyn/eHneM yriepoga-14 ot BoibpocoB bunm-
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6rHcKon AJC. 3TOT y4aCTOK, HAXOAAWMIACA HA PaccTo-
AHMM 1,8 KM K t0ro-toro-3anafy oT BeHTUIALMOHHbIX
Tpy6 cTaHumK, 6bl onpefenieH ¢ y4eTOM MHOMOJIETHUX
MeTeopoJiornyeckmx napameTpos [5]. OT6op apesec-
HbIX MPo6 (KepHOB) OCYLLECTBAANCA HA BbICOTE MNpU-
MepHo 130 CM OT NOBEPXHOCTU MOYBbI C MOMOLLbIO
6ypaBa Npeccnepa. Bcero Ha yvacTre 6bino 0To6paHo
10 KepHOB. lNocne NOCTpoeHUA MHANBMAYANbHBIX Ape-
BECHO-KOJIbLIEBbIX XPOHOMOMMIA 1 NEepEeKPeCcTHOW AaTu-
POBKW 0TOOGPaHHbIE KepHbI PA3fAeNANNCh Ha roAnYHbIe
Konbua. Konbua ogHoro roga obpasoBaHus obbeau-
HAM B OAHY Mpoby, COOTBETCTBYIOLLYIO KaNeH4apHO-
My rogy. [lanee nposoamnacb ob6paboTka o6pasLoB
LpeBecyHbl Ha 060pyA0BaHNUK LieHTpa KONNeKTUBHOIO
nonb3oBaHua (LIKM) « eoxpoHonorusa kanHo3os» WH-
CTUTyTa apxeosiorum n 3THorpadum Cnbupckoro oTae-
nenna PAH: n3 roauyHbix Koneu, XMMUYeCKMM Crnoco-
60M BblaenAnach LEenono3a, o4mianacs oT IMrHUHA,
CMO M Apyrux npumeceid. 3atem o6bpasubl Lenio-
no3bl nepepaBammcb B LKM «YckopuTtenbHaAa macc-
cnexkTpoMeTpusA» HoBOCMBUPCKOro rocyAapCTBEHHOMO
yHMBepcuTeTa — HOBOCMOMPCKOrO HAay4YHOro LIEHTPA,
roe noABeprajiMcb MOSIHOMY CHWIAHUIO U NpeBpalle-
HUIO B rpaduTonofobHbIN yrnepoa Ha rpadurmsarto-
pe AGE-3 (lonplus, LlBeluapusa), npeaHa3HaYEHHOM
ANA MOSlyYeHnA MULWEHEeN ANA YCKOPUTENbHOMo Macc-
cnexktpoMeTpa (YMQ) [5; 25; 26]. 3mepeHue copep-
WaHua '*C B MoflydeHHbIx obpasuax MnpoBOAMIOCH
¢ nomouybto MICADAS-28 (lonplus, Leenuapus) [26;
27]. Ucnonb3oBaHrne YMC no3BosiAeT BbINOJHWUTb Mnpe-
LM3MOHHYI0 OLIEHKY cofepanua '*C B ucciegyeMbix
obpasuax [28]. VIHCTpyMeHTanlbHaA MOrpeLHoCcTb Co-
cTaBnana He 6onee 1,8 br/Kr C. MuHuManbHas Tpeby-
eMas mMacca obpasua — 20—50 mr.

[peBecHasa pacTuTenbHOCTb Bcerga comaepHut '“C,
nornowiaembln n3 atMocepHoro Bosgyxa. Mpu ocHoB-
HOM MyTW MOCTYMJIEHUA paamoyriepoaa B OPEBECUHY
13 npu3emHoro cfioAa atMocepbl B pesynbTate ¢oTo-
CMHTE3a OTHOLUEHWE PaAMOAKTMBHOMO M30TOMa yrie-
poaa "“C K ctabunbHoMy '2C ocTaeTcA paBHbIM TaKOMYy
OTHOWEHWIO B aTtMochepHOM BO3AyXxe. TexHOreHHbIN
BK/Ma4 B HOPMasM30BaHHYl0 aKTMBHOCTb '“C K Macce
CTabWIbHOrO yriepoAa B KarKAOM FOAMYHOM KOJbLie
[peBeCvHbl onpefenaAeTcA pasHuLen Mexay U3MepeH-
HOM 1 HOHOBON COCTABNAOLLMMU:

NPP _
NALairx,MC,j (x) -
=NA NA ()
- Larix,MC,j (x) - bc'g,MC,j’
NPP
roe NALM 14Cj()c) — BKfag Bblbpoca '*C buambuH-
ckoit ASC B HOpManM30BaHHY0 aKTUMBHOCTb obpasua
ApeBecuHbl 3a j-M rog Beretaumu, Br/kr  C;
NALM.LMCJ.(X) — pe3ynbTaT U3MepeHUA HopMan3o-

BaHHOV akTuBHoCTY '“C 3a /-1 rof BereTauum B obpas-
Lie APeBECHOro KoMblLia IMCTBEHHULbI HA PACCTOAHUN X
0T WUCTOYHMKA Bblbpoca, Br/Kr C; x — paccToAHune oT
MCTOYHMKA Bbibpoca *C A0 NOKaNIbHOMO yyacTKa oToo-
pa o006pasuoB [OpeBeCHOW pacTUTENIbHOCTH, KM;

PaduoyanepodHsili cned bunuburckol A3C

NAbcg,”c,j — cpenHas ¢oHoBaA HOpMasM30BaHHAsA
aKTUBHOCTb '*C B Npu3eMHOM cJioe atMochepbl B Nepu-
oA j-ro roga seretaumu, br/kr C.

B KauvectBe POHOBBIX 3HAYEHWN NAbcg,MC,j ncnonb-
30Ba/MCb CBeAeHNA 0 rnobajbHoM copepanum *CO,
B aTMocdepe no AaHHbIM 23 HabnofaTenbHbIX CTaH-
LM, pacrnosioxeHHbIX B CEBEPHOM U HOHOM MoJyLla-
puax 3emnum [5]. Meprop BereTaumm OnA panoHa pac-
nonorkenusa bunnbuHckoli ASC 6bl1 NPUHAT PaBHbIM
VIIOHIO-MIONIO KaMA0ro pacCMOTPEHHOro rofa.

Ona oueHkn 3anmaca '“C B ApeBecHHe NUCTBEHHUL,
30Hbl BO3AECTBUA BbIOPOCOB PEAKTOPHbIX YCTAHOBOK
3l M-6 HeobxoaAMMO MocsiefoBaTeNlbHO ONpeaenTb:

+ niowaab 30HbI Bo3gelcTeuA BbibpocoB '“C npw 3Kc-
nayataumm bunmbuxckon A3C, ra;

3anac ApeBeCuHbl JIMCTBEHHUL, Ha YCTAHOBNEHHOMN
njowaan Bo3aencTana, M3/ra;

cofepranne C B KarKAoOM rOAOBOM KofbLie -
CTBEHHWL, Ha YCTAHOBNEHHON MoLWaan BO34encTBmA
C Y4ETOM yJaneHnsa oT UCTOYHUKA Bbibpoca, Br/Kr C;
pacnipefieneHve copepxanusa '“C B gpeBecuHe -
CTBEHHWL, MPU YAANEHUM OT UCTOYHMKA B BbIGPAHHOM
pymbe HanpaBneHusa BeTpa, br/Kr C;

cofepsaHue cTabuibHOro yriepoaa B [peBecuHe,
Kr C/M3,

[nA CKPUHMHIOBOW OLIEHKW NoWaan apeana, B KO-
TOPOM MOeT 6biTb MaeHTMbUUMpoBaH '“C B gpesec-
HOW pacTUTeNbHOCTW OT BblbpocoB bunmbuHckoin A3C,
uenecoobpasHo BoOCMosb3oBaTbcA nogxodoM Ha-
YYHOrO0 KOMMUTeTa Mo AeiCTBUMIO aTOMHONM pajvaumu
(HKOAP) OOH K onpeaeneHuto 06beMHO aKTUBHOCTYU
PaAMOHYKNMA0B A (x) B PU3EMHOM C/loe atMocdepbl
(BKr/M®) Ha paccTosHuM 6osiee 1 KM Mo BETpY OT UCTOY-
HUKa Bbibpoca [11] B BuAe BblparmeHua

AD.IL (x) = FI Qx"” (2)

roe F, — cpeaHerofjoBoi KoagduumeHT pasbasneHna
Ha pacctosHuM 1 KM, ¢/M% O — WHTEHCWMBHOCTb Bbl-
6poca, bK/c; x — paccTosHWe Mo JOMUHUPYIOLLEMY Ha-
npaB/ieHNIo BETpaA OT UCTOYHUKA Bbibpoca '*C, KM; n —
WHAEKC, onpefeniAeMblli SMMUPUHECKUM NYTEM.

B paiioHe pacnonoxenun bunnbuHckoit ASC npeob-
najaloT BETpa CeBepHbIX pyMOOB, AyIOLWMX B Hanpas-
JIEHUA CEKTopa Meray pymbamu OT toro-toro-3anag
n toro-toro-soctok. HKOAP OOH cumTaet Hanny4ywmm
npnbnmKeHnem ana F, 3HaueHmne 5,3-1077 ¢/m* npu 3Ha-
YeHun n B cnydae '*C, pasHom 1,4 [11]. C yyeToM aak-
HbIX pEKOMEeHZALUMI BblparkeHure (2) npumeT Bua

ANPP (x) _ &3'1077Qix71,4’ (3)

air,MC,j
roe AZTMCJ (x) — cpepHAa 06beMHas akTMBHOCTb '*C
B aTMOChepHOM BO3/yXe Ha paccToAHUM bonee 1 KM no
BeTpy oT bunnbuHckoi ASC, obycnoBneHHan 3Kcnya-
Taumeln peakTopHbIX ycTaHoBoK 3l T1-6 3a j-1i rog Bere-
Tauun, br/m3; Qj — CpefHAs UHTeHCUBHOCTb Bblbpoca
3a /-1 rog Beretaumu, br/c.
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YaenbHasi akTUBHOCTb “C B ApeBecuHe,
[0Ns MaKCUMarnbHOro 3Ha4YeHus

Ecnm KoHcepBaTMBHO MPUHATL YCI0BUE NMOCTOAHHOW
MHTEHCMBHOCTU Bblbpoca '*C Ha MpOTAMEHWUM KasieH-
[apHoro rofa, To 3HadveHue Af:ﬂpmc’j (x) 6yneT cooT-
BETCTBOBATb CPefHeli Mo j-My rofly 06beMHON aKTWB-
HocTn 'C B atMochepHOM BO34yxe Ha Pas/MuHbIX
paccToAHMsAX B pymMbe ¢ npeobnafatoLyM HanpasieHu-
eM BeTpa. KoHcepBaTBHaA oueHKa cofeprkanua '“C
B KOJIbLie APEBECUHbI IMCTBEHHULbI, CHOPMUPOBAHHOM
3a j-i ro; Beretauum, Af,f?c,,-(x , BblpaeHHan
B BK/Kr, 0CHOBaHa Ha COOTHOLLEHWU, CBA3BIBAKOLLEM WC-
KOMYIO BENIMYMHY CO CPEfHUM 3HayeHueM 06beMHON

aktuBHocTh *C (BK/M®) B aTMochepHoM Bo3ayxe [11]:

S,
Aty (1) = A, ()=, (4)

air

roe S, cofepraHne CcTabunbHoro yriepona
B ApeBecuHe NMcTBeHHMUbI, I C/Kr; S . =02 — conep-
YaHue cTabuibHOro yrnepoaa B aTMochepHOM Bo3ay-
xe, r C/m3,

BbiparkeHue (4) No3BonAeT paccunTaHHble 3HaYeHWs

Z]:)”c,; (x) MCMoMb30BaTh /1A OLEHKM HOpPMasn30-
BaHHOW aKkT1BHOCTM '“C B 06pasLie ApeBecHOro Kosblia
JIMCTBEHHULbI NAf:i:n,é,C,j (x) 3a /- rog Beretauum Ha
NtobOM paccToAHUM X OT UCTOYHMKA BbibpOCa:

NP (x)= M -
Lairx,MC,j - SL ) -
arix (5)
A, (¥) 53107027
S 0,2 ’

air

YucneHHoe 3HadeHne S, MOAy4eHo Ha 0CHOBaHMM
Avana3oHa 3Ha4YeHU KOHBEPCUOHHbBIX KO3DPULIMEHTOB
(T C/M® ppeBecuHbl) AnA pacyeTa 3amaca yriepopa
B 61omMacce ApeBoCTos Mo 06BbEMHOMY 3anacy ApeBe-
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Puc. 1. PacnpeneneHnue copepxavus “C B apeBecuHe
JIUCTBEHHMULIbI, 06YC/I0BNIEHHOE BbIGPOCaMU PEAKTOPHbIX
ycraHoBok JITI-6

Fig. 1. Distribution of “C content in larch wood caused by
emissions from EGP-6 reactor units

CYHbI TECHOMO HacaX4eHNA U NIOTHOCTU JIMCTBEHHULI.
[OunanasoH 3HayeHWt KOHBEPCUMOHHOIO Ko3adduumeHTa
LNA NNCTBEHHULbI 30HbI CpeAHEBO3PACTHON CeBepHOM
Talirn coctaBnseT 497 kr C/m® gpeBecuHbl . MNOTHOCTb
LpeBeCcVHbl NUCTBEHHUUbI P, MPUHATA paBHON
660 Kr/m® [29]. YcTaHoBEeHHbIe UCXOAHble AaHHble Mo-
3BOJIAIOT OLEHWUTb YNCIEHHOE 3HaYeHne S, paBHbIM
753 r C/Kr.

MpvMeHeHWe orpaHuyeHnA B BuAe YCIOBWMA LOCTO-
BepHoro onpegeneHva '“C B ApeBecuHe IMCTBEHHWL, OT
BblbpocoB bunmbuHckoii ASC Ha ypoBHe 0,01 MaKcu-
MaJIbHOr0 M03BOJIAET OMNpeaeuTb paccTosHue Mo Ha-
npaBfeHnio BeTpa, OrpaHunyMBaiollee apeas OLEeHKM
3anaca '“C B IMCTBEHHUYHBIX Jiecax, CPOpMUPOBAHHDIN
3KCnyaTaumnen peakTopHbIX ycTaHoBok JIT1-6.

Aair,MC (x)

<0,01. 6
maanir . (6)

Rle

CornacHo BblparkeHuto (3) 1 ¢ y4eToM BblparkeHus (4)
onpefeneHo paccTosHne 0T UCTOYHMKA BbIOPOCA B CEK-
TOope OOMVHMPYIOWMX HanpaBfeHW BeTpa, Npu KOTo-
pOM BbINOSIHAETCA YCNOBME BblpareHua (6), paBHoe
27 kM. Ha yaaneHnn 5 KM OT UCTOYHMKA Bbibpoca o6Ha-
pyruBaemoe cofepanue '*C B ApeBecuHe SIMCTBEH-
HULbI ByaeT Ha ypoBHe 10% MaKCMMasibHOro 3Ha4YeHus
aKTMBHOCTYM, YCTAHOB/JIEHHOrO B obpasuax [epeBbeB
yyacTKa MaKcMManbHOro Bo3aencTema (puc. 1).

Mnowanb y4YacTka Mpou3pacTaHnA  JIMCTBEHHWL,
OrpaHuMYeHHoro ycsoBueMm (6), OyneT COOTBETCTBO-
BaTb CeKTopy, paBHoMmy 1/8 (aBa u3 16 pymb6os) no-

* Mpuka3 Munnpupoabl Poccun «O6 yTBEpXKAEHUUM MeTOAMK
KOJIMYECTBEHHOTO onpeaeneHns 06beMOB BbIGPOCOB MapHMKO-
BbIX Fa30B ¥ MOMOLLEHUS MAPHUKOBBIX ra3oB» oT 27 Mas 2022 1.
Ne 371.
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WAAN OKPYHHOCTW pPafuycoMm 27 KM, 4TO cocTaBnAet
286,3 KM%, unn 28 627 ra. C y4eToM NAOTHOCTU MpO-
M3pacTaHuMA nMCcTBeHHWUbl B YykoTckoM AO (3anac
NINCTBEHHUYHBIX necoB — 27 M*/ra) GpyHKUMA pacnpe-
[lefleHna CyMMapHoro obbema ApeBecuHbl Mpu yaa-
NIeHUN OT WCTOYHMKA BbiBpoCa OMMCLIBAETCA MPOCTOW
3aBUCUMMOCTbIO

v

wood

(x)=100'27%nx2, (7)

roe 100 — Ko3dPMUMEHT MPOMOPLMOHANIBHOCTHM,

1 ra = 0,01 KM% 27 — cpefHuiA 3anac NUCTBEHHUYHbIX

necos B YykoTckom AO, M*/ra; 1/8 — pons paccMaTpu-

BAEMOro CEKTOpa B NIOLWAAN OKPYKHOCTU PaANyCoM X.

Ha Bcelt nnowaam BbigeNIeHHOro cekTopa npu x = 27 KM

HaxoauTca ~773 TblC. M®> IMCTBEHHUYHOW OpPEBECHHbI.

PaccuntaHHbIll 06BEM IMCTBEHHWUYHON [peBecHHbl by-

[eT copepratb oT 2,94-108 no 3,98-108 Kr cTtabunbHo-

ro yrnepoga.

B paMKax CKpVMHUHIOBOW oLeHKM 3anaca '“C B BbiOpaH-

HOM BUWe [pPEBECHOW pPaCTUTENBHOCTU [0CTATOYHO

npoBecT oT6op 06pasLoB ApeBecHbIX Kosel Ha fo-

Ka/IbHOM y4aCTKe BO/M3M KPUTMYECKOW TOUKM (x = X,).

OnAa oueHkn 3anmaca 'C B [peBecuMHe NUCTBEHHUL,

cbopmmpoBaHHOro 3a nepuog T neT BO34eNCTBUA Bbl-

6pocoB ASC, LenecoobpasHo BblAeNMTb [1BE YC/I0BHbIE
30HbI:

« ONVKHAA 30HA BO3OEMCTBUA — CEKTOP Meay pyM-
6amy NpenMyLLLeCTBEHHOTO Harnpas/ieHnsa BeTpa B pa-
anyce, paBHOM pPAcCTOAHMIO OT MCTOYHMKA Bblbpoca
[0 JIOKAJIbHOMO y4acTKa C MaKCcuMMasibHbIM BO3A4en-
CTBMEM BbIOpOCa (KpUTHUYecKan Touka) [O; xL;

+ OCHOBHAs 30HAa BO3AENCTBUA — 4YACTb CEKTOpA MEeK-
4y pymMbamu npeuMyLLecTBEeHHOr0 HanpaBfieHWs Be-
Tpa Ha pacCTOAHMM OT KPUTUYECKOW TOUKM [0 27 KM
oT bunmnbunHckoi A3C [x;; 27].

B 6511rKHeli 30He pe3ynbTaT OLLeHKM BKIa4a Bbibpoca
14C bunmbuHckoi A3C B aKTMBHOCTb ApPEBECUHbI 3a j-I
rof BereTtaumu NANPP,MCJ(O; X,) NpUHAMaeT MaKcu-
MaJilbHOe 3HayeHWe N COOTBETCTBYET COAEPHAHMIO TeX-
HoreHHoro '*C B Ko/ibLLAX j-ro roga /toboi MMCTBEHHU-
Ubl, npou3pacTalolen Ha yyacTKe OT MWCTOYHUKA
Bbi6poCa A0 rpaHuLbl 6IMMKHER 30HbI. B 30HE 0CHOBHO-
ro BO3eWCTBUA aKTMBHOCTb '*C B ApeBecuHe CHUXKa-
eTCA MpY yAANIEHUN OT MCTOYHMKA COMMIAaCHO Bblparke-
Huto (5).

CpefHee HOpManu30BaHHOe cofeprkaHune “C Bo BceM

obbeMe OpeBeCUHbl JIMCTBEHHWLbI 3a paccMaTpuBae-

Mblli nepvof Bo3fencTBuA (7' NeT aKcnayaTaumm) Ha

NobOM PaccToAHMM X OT MCTOYHMKA BblbpocoB A3C

AN ue(x)  (Brkr Q) 6ymer  onpepenTec
BblpareHnem
1 T
NPP NPP
ALairx,MC (x) = ? ENALairX,MC,j (X) (8)

0
Mcnonb3ys BolparkeHue (5) 1 3KcnepuMeHTasnbHble 3Ha-
NPP
yeHus NALH%MCJ (xl) B 06pasuax ApeBecHbIX Kosel,
B KPUTUYECKOW TOUKe Ha onpeAeNieHHOM PacCTOAHNM X,
OT WCTOYHMKA BbIOPOCA, MOMKHO OLIEHUTb CPELHIO WH-

PaduoyanepodHsili cned bunuburckol A3C

TeHcMBHOCTb Bbibpoca '“C (BbK/c) 3a noboit paccmartpu-
BaeMblli j- rof Beretaumm:

S .
— air ANPP X (9)
i 7 _ PN T 1
J 5,3 . 10 7x] 1.4 Lairx,"*C,j ( )’
roe x, — ¢GUKcMpoBaHHoe (x, = const) pacctosHue oT

UCTOYHMKA Bblbpoca '“C [0 y4acTKa pacrosioeHue
KPUTUYECKOWN TOYKK, KM.

PacyeT unTeHcmeHocTM Boibpoca '*C Q, (Br/c) 3a nto6oi
paccMaTpuBaeMmblli j-ii rofi HeobxoAUM AJiA OLLEHOK
HOpMaM30BaHHoii aktuerocT NAT |, (x327) a
NoboM pyrom yaaneHum (x > X,) OpeBecHol pactu-
TENbHOCTM OT MCTOYHMKA BbIOpOCA B OCHOBHOW 30HE

BO34encTBuA.

—14

Al e, (9327) =" NATY ().

Lairx,MC,f
1

(10)

[ns pacyeTa cpefHeli MHTEHCMBHOCTU Bblbpoca 'C
0, (br/c) 3a BblOpaHHbIA Mepuof, Mo3BoNAloLLEN Bbl-
MOSIHATL OLEHKY HOPMAsIM30BaHHOM aKTuMBHOCTU '*C
B ApPEBECUHE, UCMosb3yeTcs nofobHoe (9) BbiparkeHne

S, 1< NPP
O =530 7 oA e, () (1)
s 1

0

CdopmMupoBaHHas 3a nepuog 3Kkcnnyataumm ASC T
HOpMa/IM30BaHHAA aKTMBHOCTb B OCHOBHOM 30He BO3-
nencteusd [x,, 27] 6yneT onpefensaTbCA BblparkeHneM

-4

1 T
A s (327) =S INAY (). 012

1
Ha ocHoBe MpVHATOrO YCNIOBHOrO 30HMPOBAHMWA 3a-
nac *C (6K) SUP_ ., (0;x,) B npesecuHe 3a nepu-
of 3Kkcnnyataumn (T = 48 neT) bunubuHckoi A3C Ha
naowaan 6amKHen 30Hbl (x, = 1,8 KM) OT MCTOYHMKA
BblbpoCa € y4eToM BbiparkeHuii (7) u (8) byaeT onpeae-

NATbCA BblparKeHneM

SUPNPP,HC,T (0’ xl ) = I/wood (0’ xl )pLarix x

1. s NPP (13)
xSLﬂVix 710 ZNALairx,MC,j (xl )’
0

roe V (0;x) = 100‘27171.7(]2 — 06beM OpeBecHHbI
JINCTBEHHULbI B GNIMMKHEN §0He yCTaHOBNEHHOW nuoLa-
OV BO3[eNCTBMA, ornpeaendemblii BblparkeHueM (7)
B CEKTOpe Ha pacCToAHMM OT O [0 X, KM OT UCTOYHUKA
Bbibpoca, M3 S, — HOpManM3oBaHHas Macca Cra-
6unbHoro yrnepoaa B ApesecuHe, 753 r C/kr; 107° —
Ko3OUUMEHT  mporopuuoHanbHocT  anAa S, .0
1 r C/kr = 0,001 kr C/kr; P, . — NIOTHOCTb ApeBecu-
Hbl IMCTBEHHULbI, MPUHATAA paBHOl 660 Kr/M>.
+ Mpy NMPUHATBLIX YCNOBKAX 30HMPOBAHWA HOpPMasM3o-
BaHHaA aKTMBHOCTb '“C B [OpeBecuHe UCTBEHHWUL,
npouspacTaloLlmnx B OCHOBHOW 30He BO3[eNCTBUA

[x; 27], OTHOCMTENIbHO MAaKCMMAJIbHOrO 3Ha4eHna
NPP
NALM.H)MCJ (x,) 6yaeT yMeHbLWATbCA He3aBUCUMO OT

MHTEHCUMBHOCTY BbIGpOCa 06paTHO NMPOMOpPLIMOHANIBHO

31



JKonorua

yOQNEHUI0 0T UCTOYHMKA BbIGPOCA MO 3aKOHOMEpPHO-
cTn x4, roe x NpYHUMaET 3HaueHue OT x, 10 27 KM oT
BunmbuHckoii A3C. Insa oueHku 3anaca '“C B ocHOB-
HOW 30He LienecoobpasHo BOCMOMb30BAThCA CMNOCO-
60M pacyeTa obbema GdUrypbl BpallleHVs BOKpPYr Bep-
TUKabHOM 0CK, 06LLUMIA BUL, KOTOPOro UMEET BUJ
b
V. =const 2njaxydx. (14)

rot

B paccmatpuBaemoii cutyaumm y = x4, noatomy

MTOrOBOE MOAbIHTErpasibHoe BbIpareHune (xy) npe-
obpasyetca B x %% [InA yyeTa CHUMKEHWA aKTUBHOCTU
14C B OTAE/IbHOM pPaccMaTpUMBAEMOM CeKTope ¢urypsl
BPaLLEHWA, OrpaHuMyeHHoro yrioM 45° (cm. puc. 1) Ha
OrpaH14eHHOM ydacTre [x ; 27], ucnonbsyetca 1/8 3Ha-
YeHnA onpefeneHHoro nHTerpana

x . (15)

27
rot .

V. = const12nj
8

X

NToroBoe BblparkeHne pnna oueHKM 3anaca 'C

SUP,, e, (%527) (BK) B ApeBeCHHe 3a Nepop KC-

nnyatauum (7 = 48 net) bunnémtckoit A3C Ha nnowaam

OCHOBHOWM 30HbI BO3[encTBUA OyneT onpenensaTbcA

BblparKeHem
SUP

NPP,'“C,T (0; Txl ) =
10°
= Vwood ('xl ’ 27 ) pLarixSLurix F X (-I 6)

1

T NPP
ZONALairx,”C,J’ (xl) T J‘Nx_o‘ﬁdx,

X —_

T 4

X

roe V. (xl;~27) — 06beM ApeBecuHbl IMCTBEHHULLbI
Ha nyoLwaam 30Hbl OCHOBHOMO BO3JENCTBUA B BblbpaH-
HOM CEKTOpe Ha PaCcCTOAHUM OT X, 10 27 KM OT UCTOY-
HUKa Bblbpoca (M®) onpefenaeTca BolparKeHeM

V.

wood

(x1;27):100~27%n(272—xlz). (17)

O6wwin 3anac *C (bK) B ApeBecMHe 3a nepuop 3KC-
nnyatauumn T = 48 net bunuéuHckoi ASC Ha Bceit pac-
CMaTpvBaeMon Mowann Bo3AenCTBMA OnpeaenneTca
cyMMoW

SUPNPP,”C (0; 27) =

=SUP_..(0;x)+SUP

NPP,"C NPP,'C

18
(m:27), O

roe SUPNPP 1c (0; x) — pesynbTar pacyeta no Bblpa-

wenunio (13), BK; SUP,, . (x;; 27) — pesynbTaT pac-
yeTa Mo BblparkeHuto (16), br.

OueHKa 3anaca B paMKax AaHHoW paboTbl BbIMOS-
HAETCA TONIbKO B 3aJaHHOM CeKTope [ByX pyMOOB
C NpeobnagarowyM HanpaseHnem BeTpa. s oueHKK
3anaca B Jpyrux CEKTopax [O0CTaTOYHO MOJSlyYeHHble
pe3ynbTaTbl AnA pymbos HOKO3 u FOKOB croppeKTupo-
BaTb Ha BEPOATHOCTb Hanpas/ieHUs BeTpa B APYrom
BbIOpAHHOM HanpaBieHUN.

32

Pe3ynbTaTbl UCCIef0BaHUA

TexHoreHHbIM BKNaQ B coepanune “C B roanyHbIX
KOMbLAXx ApeBecuHbl BOAM3M CTAHUMM OLEHMBAETCA
C MOMeHTa BBOfa B 3KCM/yaTaumio 3Heprob/okoB bu-
nméuHckon ASC (1974 r.) n 1o MOMeHTa 0T6opa KEpHOB
[peBeCMHbl JIMCTBEHHWLUBI B paMKax MCCiefoBaHUA
(2022 r.). B Tabn. 1 npefcraBneHbl pesysbTaTbl U3Me-
peHuns *C B roanyHbIX KOMbLLAX MCTBEHHMUBI KasHae-
pa NALM’MCJ n cpeaHue ¢oHoBble codeprkanua '4C
B NPU3EeMHOM c/loe aTMocdepbl CEBEPHOMO MoyLIApusA
NAbcg,MC,j’ Br/kr C. Bblbop roauyHbix Konew AnAa n3-
MepeHuss MpPOM3BOAMIICA C NEpPeMeHHbIM BPEMEHHbIM
LIaroM, UCX04A U3 BO3MOMHOI0O peXMMa SKCryaTaumum
cTaHumu. na nepuoda wratHon paboTel AIC (1974—
2010 rr.), Korga 3HaunTeNbHbIX KonebaHWn BbI6POCOB
4C He npegnonaranock, War otéopa coctaBui 4 roga.
HaumHasa ¢ 2012 r. B cBA3M C NpoBeAeHVeM paboT Ha
rpaduToBO KNagKe, MOTEHUMANIbHO COMPOBOMKAAB-
LUIMXCA MOBbLILEHHOW BbIOGPOCOM pajuoyrniepoaa, war

Ta6bnmmua 1. YgenbHaa akTMBHOCTb '4C

B rofuy4HbIX KoNbLax MMcTBeHHUUbl KaaHpepa
1 B NpU3eMHOM cjioe atMocdepbl palioHa
pacnonoxeHusa bunnmbuHcrori A3C

Table 1. Specific activity of *C in the annual rings
of Cajander larch and in the ground layer of the
atmosphere in the area of the Bilibino NPP

VaenbHaa aktuBHocTb '“C, BK/Kr C
1974 315,77+1,75 316,15+2,17
1978 305,44+1,50 296,63+0,88
1982 290,30+1,43 281,14+1,02
1986 277,37+1,38 268,85+0,36
1990 268,33+1,29 260,26+0,25
1994 262,09+1,31 253,57+0,14
1998 252,69+1,26 248,53+0,18
2002 253,28+1,27 243,58+0,25
2006 248,62+1,24 238,81+0,09
2010 241,44+1,22 234,99+0,09
2012 239,70+1,20 232,76+0,14
2013 241,23+1,22 231,65+0,14
2015 242,45+1,23 229,57+0,11
2016 241,71+1,18 228,76+0,14
2018 239,24+1,17 227,49+0,14
2020 240,03+1,19 226,14+0,18
2022 233,91+1,16 225,23+0,32

ApKTHKa: 3KONOrMaA n 3SKOHOMMKa, T. 16, N2 2, 2026
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Bknag BeibpocoB BunubuHckon ASC
B aKTUBHOCTb '“C apeBecHoro korbua, bk/Kr C
(o]

PaduoyanepooHeili cned bunubuHckoli A3C

1974 1978 1982 1986 1990 1994 1998 2002 2006 2010 2012 2013 2015 2016 2018 2020 2022

Puc. 2. CopepxkaHue “C B apeBecHbIX KOMbLLAX IMCTBEHHULbI, 06YCNOBNEHHOE BbIGPOCaMM peaKTOpHbIX ycTaHoBOK -6, bk/kr C
Fig. 2. Content of **Cin larch tree rings caused by emissions from the EGP-6 reactor units, Bq/kg C

coctaBun 1—2 roga. C Ucnonb30BaHWEM BbIPaXeHUA
(1) n DaHHbIX Tabn. 1 6bIN onNpeaeneH BKIAA BbIOPOCOB
BunmbuHckoi ASC B copeprkanue *C B OpeBecuHe nu-
CTBEHHULbI 3a j-I rof Beretaumun B 6/IMKHel 30He BO3-
nevictena NA, . (05 1,8), npuHumaemoii B Kave-
CTBE MaKCUMasIbHOM [OOCTUMHKUMOW aKTMBHOCTM /18
NpUMeHeHVA B Mocnefylowmnx pacyetax. PacyeTHan
06beMHaA aKTMBHOCTb cornacHo Metoauke HKIAP
OOH no dopmyne (2) AnsA KPUTUHECKOW TOYKN MECTHO-
ctn coctaBuna 2,12:10° Br/M? 4TO conocTaBvMO
C 06EMHOM aKTUBHOCTbIO, PACCYMTAHHOM MO METOANKE
MNAB-A3C-2016, — 2,72-10°° br/m3 [4].

B 3aBucuMMOCTM OT paccMmaTpvBaemMoro roga
yAenbHaA aKTMBHOCTb TexHoreHHoro '*C B oTobpaH-
HbIXx obpa3uax HaxoAuTca B AuanasoHe oT 4,2 Ao
13,9 Br/kr C. Busyanusauma pesynbTaToB pacuyeTa
NA, e, (0 18) npencrasnena Ha puc. 2.

Haunbonblumii TeXHoreHHbIM BKNaa B coaepranune C
B rOAMYHbIX KOMbLAX IMCTBEHHWLbI OT BblIbpocoB bunu-
6uHckon A3C Habmopanca ¢ 2013 no 2020 rr. u co-
ctaBun 11,8—13,9 Br/Kr C. 3HayeHne abCoMOTHOM He-

onpefeneHHOCTM  OLEHKM  TEeXHOMeHHOro  BKada
NPP
NA lACJ.(O; 1,8) oT 1,2 no 1,8 Br/kr C. 3HayeHune

OTHOCUTENIbHON HeonpeAesieHHOCTU OLEeHKM BKada
BblbpocoB 3Heprob6siokoB 3IT1-6 B aKTMBHOCTL '“C
B [OpeBEeCcHbIX KoSbLiax 06paTHO MpOMOpLMOHASIbHO
paccumtanroii sennanie NAY - (0; 1,8) w Haxo-
IOUTCA B auManasoHe oT 8,7% (ana 13,9 Br/kr C) go
30,6% (pns 4,2 br/Kr C) oT abconoTHONM HeonpeaesneH-
HocTu. B Tabn. 2 npuBeeHbl MaKCMMasibHble 3HAYeHUs
npeBblleHVA cogepranna “C B roanyHbIX KosbLax Ae-
peBbeB HaZ (POHOBLIMM YPOBHAMW MO AAHHLIM 3apy-
6erKHbIX UCCeoBaHWA.

CornacHo gaHHbIM Tabn. 2, TexHoreHHbln Bkaag '“C
oT BblbpocoB bunmbuHckoi A3C conocTaBuM No nopag-
Ky BEIMYMHBI C APYrMMM @aTOMHBIMU CTAHUMAMK, OAHAKO

cpeau pacCMOTPEHHbIX ABAAETCA MUHUMAJIbHBIM. 370,
BEPOATHO, O0OYC/IOB/IEHO KOPOTKUM BereTalyoOHHbIM
nepvofom B pervoHe pacnonoxenna ASC.

Beuay Toro, 4to n3mepenue *C B roANHHbIX KOJbLLAX
JIMCTBEHHULbI NPOBOAMSOCH C OMNpefeNieHHbIM LWarom,
3HayeHUA yaesibHOW aKTUBHOCTM B He MpoaHaM3mpo-
BaHHbIX 06pa3Lax KOHCEepBATUBHO MPWHUMAIUCL paB-
HbIMV 3HAYEHWAM, MOJIyYEeHHbIM 1A GavKanero no-
cnefyloulero  roja  usMepenuin.  Takoe  ycniosue
060CHOBaHO TeM, YTO MOArOTOBKA CYeTHOro obpasua
13 06bedMHEHHON Npobbl NocefoBaTe/lbHO pacnoso-
MKEHHbIX FOTOBbIX KOJew, NMo3BOMIAET NPOBECTU U3Mepe-
Hue cofeprkaHua '*C, ycpegHeHHOe Mo 0TOobpaHHbIM
KonbuaM. Tak, 3a Bce rogbl ¢ 1975-ro no 1978-i 3Ha-
yetma NAMT roe j NPUHUMAET 3HayeHus oT

Lairx,MC,j 2
1974 po 1978 rr, nNpUHUMAIOTCA  paBHbIMU
NPP
Laim MG 1975+ BRIAA BbI6poCcoB 3a 1974 r. npuMHUMa-

eTcA paBHbIM Hy/io. M aHanorndHo nanee:
- B nepuog ¢ 1979 no 1982 rr. — NA™"

Lairx,'*C,1982°
B nepuog ¢ 1983 o 1986 rr. — NA™" ;
: Lairx," C,1986°
NPP .
Lairx,'*C,1990°
NPP X
Lairx,'*C,1994°
NPP .
Lairx," C,1998°
B nepuog ¢ 1999 no 2002 rr. — NA™" :
: Lairx,'*C,2002°
NPP .
Lairx,'*C,2006°
NPP .
Lairx,"C,2010°
NPP .
Lairx,'*C,2012°
NPP .
Lairx,'*C,2015°
B nepuog ¢ 2017 no 2018 rr. — NA™” ;
: Lairx," C,2018°
NPP .
Lairx,'*C,2020°
NPP
Lairx,'*C,2022°

B nepuoa ¢ 1987 no 1990 rr. — NA

B nepuoa ¢ 1991 no 1994 rr. — NA

B nepuog ¢ 1995 no 1998 rr. — NA

B nepuoa ¢ 2003 no 2006 rr. — NA
B nepuog ¢ 2007 no 2010 rr. — NA

B nepuog ¢ 2011 no 2012 rr. — NA

B nepuoa ¢ 2014 no 2015 rr. — NA

B nepuoa ¢ 2019 no 2020 rr. — NA
- B nepuop ¢ 2021 no 2022 rr. — NA
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Ta6bnuua 2. CpaBHeHUe HanboJIbLLIEro TEXHOFEHHOIO BK/IAAa OT 3KCnlyaTauum
pa3nmuHbix A3C B cogepikaHue '“C B roanyHbIX KoJbLaxX AepeBbeB

Table 2. Comparison of the largest anthropogenic contribution from the operation
of various nuclear power plants to the content of '*C in tree rings

A3C Haun6onbLumii Textl‘?cregublﬁ BKJIaA OT Bbibpoca Cebuika
, BR/Kr C

MrHanuHckas 31,6 [13; 14]
KpLuKo 69,6 [15]
LIMHbLIaHb 62,4 [16]
Mmenn agmupana Ansapo Anbepto 58,0 [18]
Makw 29,4 [19]
Xanyn 93,1 [20]
BonbcoH 266,1 [20]
XaHé6ut 49,7 [20]
Kopw 57,8 [20]
YepHaBoad 85,0 [27]
Kypckas 94,0 [71
BunnbuHckas 13,9 [5]

MNpy NPUHATBIX YC/IOBUAX CpeaHee 3HayeHue coaep-
¥aHua “C B ApeBecuHe NNCTBEHHULbI BIMMKHEN 30HbI
NAT::X MC(0; 1,8) ¢ yueToM aKTMBHOCTM Koney 3a
Kaaplii rof BereTauum CornacHo BblpaxeHuo (8) co-
cTaBnAaeT 8,65+1,19 br/kr C.

OueHrka 3anaca '*C B pgpeBecuHE NUCTBEHHULLbI
6/IMKHeN 30Hbl BO3OENCTBUA BbIOpOCOB bunnbrnHcKom
ASC BbINOSIHEHA COrMacHO BblpaxeHuto (13). O6bem
ApeBeCHHbI INCTBEHHNLBI B 6nvskHen 3oHe V, (0; 1,8)
onpepenseTca no BblpaeHuto (7) npu x = 1,8 KM.
CpeHuii 3anac MMCTBEHHUYHbIX NlecoB B YykoTckom AO
NPUHUMAETCA paBHbIM 27 M3/ra, U B paccMaTpMBaeMoM
ceKTope AByx pym6oB KO3 1 FOOB 06bem ApeBecuHbl
NNCTBEHHULIbI OLleHMBaeTcA B pa3Mepe 3,4 Thic. M.

Ecnv  nnoTHOCTb [OpeBecHHbl JIMCTBEHHMLbI  paBHa
660 Kr/M° a 3Hadenue S, . = 753 r C/kr, 3anac '*C
B [OpeBecMHe  NIUCTBEHHULbl  GfMMKHENA  30Hbl

SUP,, 1 (0; 1,8), cdopmmposanHbiiit Boi6pocamu bu-
nnbrHckon A3C, cornacHo BbiparkeHuto (13) cocTasna-
eT 14,8+2,0 KbK.

OueHKka 3anaca '“C B ApeBecMHEe NIMCTBEHHWLbI OC-
HOBHOV 30Hbl BO3AEWCTBMA BbIOPOCOB BMINMOUHCKOM
ASC BbINOMHEHA COrMacHO BblparkeHuto (16). O6bem
OpPEeBeCUHbl IMCTBEHHMLBI B OCHOBHOW 30HE BO3[eW-
cTBMA wad(l,S; 27), paBHblii ~769,1 Tbic. M®, onpegne-
NeH Mo BblpareHuto (17). B 3ToM o6bemMe ApeBecuHbl
JIMCTBEHHULbI OCHOBHOW 30Hbl BO3[EMCTBMA 3a Nepu-
op 3kcnnyataumm T = 48 neT HakonneHo 4,2+0,6 MBk
pagvoyriepoaa.

B paccMoTpeHHOM cekTope Ha niowaan ~2,3-10° km?
3a 48 neT aKcnnyaTaummn peakTopHbIx ycTaHoBok Il T1-6
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HakonneHo 4,2+0,6 MBK '“C. Pacnpegenexue 3anaca
14C B OpeBecuHe JIMCTBEHHWLbI B CEKTOpe Mpeumylie-
CTBEHHOMO HaMpaBJIEHVA BETPA Mer Iy O/MKHEN 30HOM
M OCHOBHOM 30HOM BO3AeiCTBUA BbIOPOCOB BUnnMbuH-
ckont A3C coctaBuno 0,35% 1 99,65% coOTBETCTBEHHO.

CornacHo pe3ynbTaTaM peryisapHbIX  paguaLmoH-
HO-TeXHUYeCKNx 06cnefoBaHuii UCTOYHUKOB BblOpO-
ca 3Heprobnokos 3l M-6, cpeaHeronoBoit Bbibpoc '“C
bunnéuHckon A3C coctaenfaeT 2,46 Tbk/roa [4]. Mpu
TaKMX YpPOBHSAX BO34eNCTBUA paguoyrnepoa 3a 48 net
3Kcnnyataumm B atMocdepy noctynuno 118,1 Tk 'C.
B OpeBecvHe NUCTBEHHMLbI HAa NOWAAN BbIOPAHHOIO
CeKTopa HaKkomeHo He 6onee 3,56:107%% cymMmapHoro
Bblibpoca C.

3akoueHue

B maHHoli paboTe BbIMOSHEH aHanM3 coAeprikaHus
4C B roAMyHbIX KofibLax Haubonee npeacTaBUTENbHO-
ro B1Aa ApPeBECHON pacTUTENIbHOCTU — JIMCTBEHHULLbI
KaaHgepa B paioHe pacnonoeHna bunmbuHckomn A3C.
PesynbTaTbl M3MepeHWin C MOMOLLBIO YCKOPUTESIbHOM
Macc-CrneKTPOMETPUM MOKa3anu B KamaoM u3 obpas-
LIOB TEXHOTEHHbI BKNAA B YOENbHY0 aKTMBHOCTbL '“C,
KOTOpbIii 06yCIoBNeH paboToii YeTbipex rpaduTo-BO-
OHbIX peaktopoB I T1-6 B nepuog ¢ 1974 no 2022 rr.
M HaxoauTcA B gmManasoHe oT 4,2 go 13,9 bK Ha oauH
Kunorpamm ctabunsHoro yrnepoga (ot 2% no 6% ot
$OHOBOMO cofieprKaHus).

AHanM3 MeTeoposIorMYecKkrx AaHHbIX parioHa pacno-
NoXeHus bunnbuHckor A3C 1 XapaKTepucTUKN ee nc-
TOYHMKOB BbI6poCcoB '“C No3BosiMaM 060CHOBaTb BbIGOP
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CEKTOpPOB OCHOBHOIO HamnpasfieHuA BeTpa W Mowaib
apeana npouspactaHuna NMCTBeHHWUL, KasaHgepa, Ha Ko-
Topoi dopMupyeTcA Hanbosblee 3Ha4YeHEe 06 bEMHOM
aKkTuBHOCTY C B BereTaLuMOHHbI Nepuog,.

3anac pgpeBeCuHbl JIMCTBEHHMUbI Ha naowanu
286 KM? MaKCMManbHOro BO3[encTBuMA BbIOPO-
coB bunubuHckoit A3C B HanpasneHUWM ABYX PyM-
608 HOHO3 un HOKOB cocTaBnaeT okono 773 Thic. M>.
3a 48 neT 3KcnayaTauuMum peakTOpHbIX YCTAHOBOK
3IM-6 B ykazaHHOM 0b6beMe ApeBecHHbl HAKoMIeHo
4,2+0,6 MBK '“C.

MonyyeHHOe CKPUHWHIOBOE 3HAaYeHWe HaKOMJeH-
HOM aKTUBHOCTW B [peBeCUHE COCTaB/AET He bosee
3,56:107%% cymMapHoro Bbibpoca '“C bunmbuHcKon
A3C c 1974 no 2022 rr. C y4eToM 3annaHUpoBaH-
HOMO 3aBeplUeHWs 3KcrlyaTauuum 3HeprobsoKoB
JIM-6 B 2025 r. npeAcTaBfieHHOE CKPUHWHIOBOE
3HayeHMe 3anaca paguoyrfiepofa B ApeBecvHe nu-
CTBEHHMWLbI MOMKET OblTb MCMO/b30BAHO B KayecTse
6a30BO NIMHUM ANA CPaBHEHWS BbIGPOCOB pajuo-
yrnepofa Ha BCex 3Tanax BbiBoAa M3 3KcnayaTaumu
Bunmbuxckoii A3C.

[pyMeHeHne yCKOPUTENbHON MacC-CNeKTPOMETpUn
ONA M3MepeHna cofepwanna yrnepopa-14 B npupoa-
HbIX KOMMOHEHTax apKTUYEeCKOro pervmoHa no3BosiAeT
NPOBOAUTb KOMIM/IEKCHYIO OLIEHKY TEeXHOreHHOro BO3-
[elCTBMA [aHHOrO PaAMOHYKIMAA Ha YHUKaNbHble
3KkocucTembl KpaiiHero CeBepa, 06YyC/OBIEHHOMO KakK
TeKyller AeATeNIbHOCTbI0O aTOMHOM 3HepreTukuy, Tak
M NoCneAcTBMAMW ALEPHbIX WUCMbITAHWM BTOPOW MoJo-
BUHbI XX B.

®duHaHcMpoBaHue

WccnenoBaHue  BbINOMHEHO 3a  cyeT  cybcuawii
MwuHob6pHaykn P® Ha BbIMOMHEHWE Hay4YHON TeMmbl
FUMN-2024-0001.
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Abstract

The study is aimed at assessing the accumulation of '*C in tree vegetation from Bilibino NPP emissions over the
entire operating period. The researchers carried out '*C measurements using accelerator mass spectrometry
(AMS). The methodological approach used in the study allows tracing the dynamics of *C accumulation in larch
tree rings over the period from 1974 to 2022. The results range from 233.91+1.16 to 315.7+1.75 Bg/kg C. The
largest contribution of Bilibino NPP emissions to the '*C content was 13.9+1.2 Bg/kg C, which was found in tree
rings formed in 2020. In the considered sector of the predominant wind direction, 4.2+0.6 MBq of '*C have ac-
cumulated over 48 years of operation of the EGP-6 reactor units, which amounts to no more than 3.56x107%%
of the total *C emissions from the Bilibino NPP during this period. Considering the operation completion of the
EGP-6 power units, these unique results can be used as a safety indicator during all stages of the Bilibino NPP
decommissioning.

Keywords: Bilibino Nuclear Power Plant, emissions, carbon-14, radionuclide accumulation, tree rings, larch, timber stock.
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