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[IpencraBiaeHa OLEHKAa COBPEMEHHOIO 3arps3HEHHs IOHHBIX oTiokeHHH ([1O) 03epHO-PEHHBIX CHCTEM
ne3neM-137, mpoucxXomsamuM W3 TIOOANbHBIX BBIMAJACHWH W aBapuitHoro BwIOpoca ¢ YADC. beum
nuccaenoanbl JJO mporounsix o3zep m3 CeBepo-3amama Poccun. O3zepo Komanckoe, pacmoiokeHHOE K
fory or ®uHCKOro 3annBa, HAXOAUTCS Ha CIENE BBIMAJCHUS «IePHOOBIIHCKOTO 137Cg (~37 KBK/MZ),
Torna Kak japyrue ozepa — Jlagoxckoe, Cyxomonbckoe, Byokca, Imannapa Ha ero nmepudepun B Kapennn
u Ha KONbCKOM TOMyOCTpOBE — 3arps3HEHbl MPEMMYyLIECTBEHHO mobanbHbM  37Cs.  OmpemeneHbl
mioTHOCTH 3arpasHenus 37Cs mua osep (xkBbx/M?), pacnpenenenne *’Cs B mpoduie JOHHBIX OTIOKEHHIH,
koo durmentsr nuddysuu (D) 37Cs B JIO u conepxanue 0OMeHHOI XUMUUYECKOH GOPMBI pagHOHYKIN/IA.
Barpssnenne JJO ozep '3'Cs dpopmuposanocs noa BausaueM ceauMenTamuu s3ecu ¢ 37Cs, copbuun ¥7Cs
O u muddysun. [pu ceaqumenTtanuu > 3 Mm/rof KoHneHTpanus >/Cs HOBBIIIATACH OT BEPXHUX K HIKHUM
ciosim kepHa (o3epa Byokca, DkocTposckas Mmanpa), oTpaskas MocTemneHHbi nporecc murpanun 7Cs
B TOJILY OTIOKeHHH. [IpOTHBOMONOKHEIH Tpen koHIenTpamuu 3/ Cs nabmogancs B JJO o3ep Jlagoxkckoe
u Cyxononbckoe mpu cemumentamun <0.5 mm/ron. 3aeck muddysus B7'Cs ¢ D = (0.5-6.2) x10°8 cm?/c
00yCIIOBJINBaIa MEJUICHHBIH EPEeHOC paJoHyKINAA B TOJILY IPYHTOB JHA; B BepXHEM ciioe kepHa 0-5 cMm
comepxarcs ocHoBHoit 3amac 3’Cs. B JIO 03. Cyxonomnbckoe Toibko o 14.4 10 20% nornomensoro 37Cs

HaxXOIMUJIOCh B 0OOMEHHOM XUMUYECKOH opme, m3Biekaemoit B pactsop | M NH, Ac.
Karouesble ciioBa: 3’Cs, o3epa, noHHBIE OTiOXKeHHs, 3amac ’Cs, copbumst, muddysus.
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BBE/JIEHUE

137Cs sBnsieTcs MCKYyCCTBEHHBIM PaJMOHYKIHIOM
U3 COCTaBa MPOAYKTOB SIEPHOTO JEJIEHMs ypaHa H
IJIyTOHMsL C Tonynepuogom pacmaga Ty,, = 30 ser.
3arpssHennio reochepsl 3eman 2’Cs mio6ambHbIX
BeinazieHuit (1961-1964 rr.) Gonee 70 net, Torma Kak
JIOKJIbHOMY 3arps3HEHMIO CEBEPHOrO IONyIIapUs
«uepHoObIIbCKUM» 37Cs 37 netr. OcHoBHOI MaccuB
SMIMPHYECKHX [AHHBIX 3arpSA3HEHHs BOJ, JIOHHBIX
OTIOXkeHui 1 ruapobronTos *’Cs monyuen ans cpej-
HEIIHUPOTHOIO IOsACa CTpaHbl Ha CJI€Aax IMPOMBIIIICH-
HbIX aBapuii ¢ BbixogoM 37Cs B okpyxkaromnyio cpeiy
137Cs [1-3]. MeHee u3y4eHHBIMH B THAPOJIOTUUYECKOM
¥ paJMOJIOrMYeCKOM OTHOIIEHHH OKa3ajhCh MPECHO-
BOJIHbIE BOJOEMbI BHICOKUX LIUPOT, [Jle UCCIIeIOBAHU

HOCWJIM TIPEUMYIIECTBEHHO (parMEeHTapHBIA Xapak-
Tep. BroisiBiieHa BbICOKasi 4yBCTBUTEJIBHOCTh HA3€MHBIX
U BOIHBIX 3kocucTeM CeBepa K 3arpsi3HEHUIO XHUMU-
YECKUMH U PaJUOAKTUBHBIMU BeliecTBamu [4]. 31ech
naxe Hu3Kue BeimageHus 3’Cs oT «4epPHOOBLILCKOI
aBapu¥ BI3BAJIM BPEMEHHBIC OTPAaHUUCHIS HA YIIOTpe-
OyleHre MECTHBIM HACEJICHHEM MPOAYKTOB IMUTAHUS OT
TPaJIUIIMOHHBIX O0BEKTOB MpOMBIcTa. PasMerenne Ha
wiaBy4ux mwiargopmax ADC B APKTUKE U CTPOUTEIb-
cTBO MOnIyiabHBIX ADC Ha3zeMHOro Oa3MpoOBaHUs s
APKTUYCCKUX PAHOHOB MOBBIMIAIOT aKTYyalIbHOCTh H3Y-
yeHus 3akoHomepHocTel murpanuu MPH B Bomoemax
1 MPOTHO30B IMEpeHOoca PAJAMOHYKIHIOB B SKOCHUCTE-
Mmax Cesepa.
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Puc. 1. Mecromnonoxenue uccienyembix ozep. / —Jlagoxckoe
03., 2 — o3epa Cyxonoinbckoe u Byokca, 3 — Konanckoe 03.,
4 — 03. Umannpa.

3amada wccleoBaHUS 3aKI0Yaiach B HM3YYCHUU
COBpPEMEHHOTO cocTosiHus 3arpsasHenns 3'Cs J10, co-
MIPSDKEHHBIX TI0 CTOKY O3epHO-pedHbIX cuctem CeBe-
po-3amana Poccuu. 3neck peku OepyT Hadajao U3 03ep
WJIM IPOTEKAOT Yepe3 HUX B CBOEM CPEIHEM (HIKHEM )
TedeHuH. PeuHas ceTh 3TOTro peruoHa (GopMupoBaIach
B YCJIOBUSIX OCBOOOXKIICHHS KPHUCTAIUITMYECKOTO IIUTA
OT JIESTHOTO TIOKPOBa, 00pa3oBaHUsl OOJBIIOTO KOJH-
YEeCTBA 03ep U CTOKA M3 HHUX MABOJKOBBIX BOJ B IMOHH-
JKCHHBIE y4acTKu penbeda. OOBEKTOM HCCIIeIOBAHUS
CTaJIU JIOHHBIC OTJIOKEHUS COMPSDKEHHBIX IO CTOKY CH-
CTEM peKa—03epo M 03epo—peKa, 3arpsI3HEHHBIX MPEn-
mymectseHHo 3’Cs mo6anpHbIX Beimagenuii. Comaep-
xanne'¥’Cs B JIO u pacrpe/eneHue paJuoHyKInaa B
TOJIIIIE JIOHHBIX TPYHTOB SIBIISIETCS OTKJIMKOM BOJHBIX
cucteM Ha ~70-JeTHee NMpeObIBaHNE B BOAOECMax HHU3-
kux konuenrpanuit 3’Cs. B pabote [5] 6b110 Mokasa-
HO, uT0 B 1986—1988 1T. 0cHOBHOE KonmmyecTBO 37Cs
noctynaino B Jlagory ¢ Bomamu Byokckl, a He ¢ Bogamu
Bosxosa u Ceupw u3-3a 3arpsasaenus 3’Cs ucroka By-
okchl 03epa Caiima.

METOIUKA UCCJIIEJOBAHUS

OOBEKTOM MCCIIEIOBAHUS SIBIISIFOTCS JOHHBIE OTJIO-
xerus o3ep (J10), Haxomammxcs Ha ciiefie BBIaICHUS
«ueprobbLTECKOrOo» 37Cs (03. Konmanckoe, cTok B du-
CKuil 3anuB) 1 Ha niepudepun ciena — B Kapenwu u Ha
Konbckom momyoctpose (o3epa Cyxomonbckoe, Byok-
ca, Jlamoxxckoe, Umanmpa) (puc. 1). Bee o3epa sBistor-
sl IPOTOYHBIMU. 3aMeUIEHHOH CMEHOW BOJ 00JaatoT

nuib o3epa Jlagoxkckoe u Mmanapa ¢ mokasaresiem
ycioBHoro oomeHa Box (W) 12.3 u 2.0 net. IIpoOsr
JOHHBIX OTJIOKEHWH OTOMpaIM Ha CTaHIHIX C [IyOu-
Hoii oT 6 1070 M. ITpo6s! /10, 3a uckiIroueHNeM IrpyHTa
u3 03. Umanmpa, oroupany npodooTOOpHUKOM (pUPMEI
UWITEC, mo3BoisionM oToOparth KepH ¢ HEHApy-
IIEHHBIM cliokeHueM auamerpoMm 60 mm. IlocnoliHoe
paszesieHHe KepHa MPOBOAMIIOCH MO CXEMe: IEPBbIH
cioit 0-2 cm, mocneaytomue ciou ¢ marom 0-3 cm. B
03. Umanapa 10 or6upanu npodootdopHrkoM Limnos
JUaMeTpoM 85 MM; Iar pasjielieHus] KepHa COCTaBUII
0-1 cm. Metons! onpenenenus *’Cs B npo6ax JJO u
BOJIbI, IPUHSTBIC HAMU paHee [6], He n3MeHsuuch. OT-
HOCHTENbHAs omnbKa onpesesienus 3'Cs B 06pasiax ¢
HU3KOH KOHIEHTpaLuel paAuOHYKINAa He IPEeBbIIIaia
40%. 137Cs u3 mpo6 Boas! 06beMoM 60—120 1 BBITENS-
mu ¢ momorisio copderra AHOEX [7]. B J10 o3ep Ko-
naHckoe U CyXoIoJIbCKOE OTIPEICISUTN CoiepKaHue 00-
MeHHOI xumudeckoii Gopmbl 37Cs myTem sxcTpakiuu
pampuonykiauaa B 1 M pactsop NH,Ac npu cooTHo1Ie-
Huu ¢a3 1 : 10 u BpeMeHHu ux B3auMmopeicTBus 1 cyrt.
K ananuzy npusnekanu oraenbHble ciion npoduis [0,
B KOTOPBIX KOHIEHTpamus >/Cs 103B0JIsiIa KOPPEKTHO
oneHuTh gomo odomenHoro 37Cs. B Bomoemax onpere-
JSUTH CKOPOCTH HAKOIUIEHHUSI OCAJKOB C IIPHUBJICUCHUEM
137Cs B KauecTBE METKHM COBPEMEHHOTO CEIMMEHTOre-
ue3a [8]. ITo namueiM pacrpenenenus 3’Cs B cnosx
KepHa omnpeaessui koddduiuenra auddy3un paguo-
HYKJIUIa ¢ UCIIOJIb30BAaHUEM BBIpaskeHUS [9]

D=b [(In ) 44], (1)

rae b = (x,)?> - (x,)% &€= C,/Cy; D — koapduuuent aud-
dysuu, cM?/c; x| 1 X, — IPOU3BOILHO B3ATHIE CIIOM TIPO-
ust konuentpanuit 3’Cs ¢ ormerkamu ciost, cm; Cp 1
C, — xonnenTpamuu 37Cs, COOTBETCTBYIONIUE CIIOAM X,
¥l X,  — BpEMsl MUTpaluy, . 3a jary f, popmupoBanus
KyMYJISTHBHOTO 3anaca robansHoro 3’Cs B rpyHTax
MOPCKOT0 JHa npuHuMaics 1964 r.

PE3VIIBTATBI 1 UX OBCYXK/IEHUE

B Ta6n. 1 mpuseneHo coxepxkanue 3’Cs B kepHax
J1O o3ep mo manapM Habmonermii 2017-2022 rr.

Conepxanue 3’Cs B aneBputoBoM mie 03. KomaH-
ckoe (Tabn. 1) mocie BBeIEHUS TOMPABKH Ha pacraj
pammonykimaa (1986-2017 rr.) cocraBut 33.5 kBr/M? —
3HaUCHHE, ONM3KOE K BBIMAJACHUIO «IEPHOOBLTHCKOTOY
137Cs na nobepesxbe Bogoema (~37 kbk/m?) [10]. Ctox
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Ta6auna 1. 3arpasuenne O ozep '37Cs: muotHOCTH, KBK/M? 1 coflepkaHKe B TIOBEPXHOCTHOM cJIoe KepHa, BK/Kr

137

Osepo, koopauHare! cranuuii | [nyouna, M, Ho/H, . | Tlnomans, km* | 37Cs B kepue, kbx/m* g—SZBciiO]gKI;ilr) i
Komanckoe —/25 9.85 16.5 1000
59°43' c.ur., 28°43' B.11.
Byokca 5.1/25 92.6 4.2 39
60°58' c.m1., 29°57' B.1.
Cyxo0107bCKOE 4/23 44.4
60°41' c.ur., 30°03 B.11.
Crannms 1 8.75 210
Crannus 2 3.83 250
JTanoxckoe 52/230 17800
Cranuus «SlkuMoBapcKkuil 3aus, 50 23.8 32 79
CEBEPHBIN palioH»
67°36' c.ur., 33°00" B.1I.
CraHuus «3anaaHbli apxXurenary 33 0.78 32.5
61°14' c.mr., 30°27' B.1.
Cranuus «CpelHsisi 4acTb 03epa» 78 0.87 160
60°43' c.ur., 31°48' B.11.
Nmanapa 16/67 876
Wmannapa (OkocTpoBcKast) 9/42 362 1.55 28
67°36' c.u1., 33°00" B. 1.

137Cs u3 o3epa ¢ Bomamu HeGosbmON peku Ileiinus 3a
31 roa He mpUBEN K 3HAUUTEIIBHOM MOTEpE paguoHy-
K11, 00JIbIIast 4acTh €ro aKKyMYJIMPOBaJlach B IPYH-
tax ana. Cnenosbie konuuecta 3’Cs B npodune JJO
npocyekuBaIuch 10 62 cm. Bemanenus 37Cs B 1986 1.
npuMepHo B 20 pa3 MpeBBICHIH cofepKaHue TI00alb-
noro 3’Cs B mousax (~1.7 xBk/M?). IlosToMy 3amac
37Cs B JIO o3epa NpeMMyIIECTBEHHO NpPEICTABIEH
137Cs aBapuiinoro Bei6poca ¢ YADC.

Osxmuzanock, uro mwiotHocts *’Cs J10 o3ep, Haxons-
muxcs Beime 60° c.ir., Oyner MeHblieH, yeM B 03. Ko-
MaHcKoe, u3-3a 0ojiee HU3KOTO BBIMAACHUS II00aTbHO-
1o 1 «uepHobbUIbCKOro *7Cs. Conepsxanue 3'Cs B JIO
03. Mmannpa (Oxocrposckast) Koibckoro nmomyoctpo-
Ba He mpeBbimano ~1.55 kbk/M?%, Torna Kak B o3epax
Kapennsckoro mepemreiika Byokca m Cyxomombckoe
mIoTHOCTE 3arpsizHenus J[O Oputa B 2—4 pasza BhIIIe
(tabmn. 1). B ceBepo-3amaaHoii vactu Jlagoxckoro o3epa
JOHHBIE OTIIOKEHUS] XapaKTEePU30BAINCH MJIOTHOCTHIO
0.78 xbx/M?, 61u3Koii K HabIIOaeMoi B cpenHel yacTu
BogoeMa ¢ mryouHamu 50-70 m. Ilpu Takux xe rryou-
Hax B J1O SIkuMoBapcKoro 3ajuBa 03epa COACPKaIOCh
3.2 kbx/M? 137Cs. B uenom ans Jlagoskckoro ozepa au-
ama3oH TwioTHoctH 3arps3HeHus JJO cocraBmi 0.78—
3.2 kbk/M?. Panee [11] 4-kpaTHOe paznMuKe B TLIOTHO-
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cTu 3arpssHenus rpyHtos ana 37'Cs (0.15-0.69 Br/cm?)
0TMEYaJIoCch B ITyOOKOBOAHOM o3epe Temerkoe. 3mech
C IOCTYIUIEHHMEM B3BECH W3 BIAJAIOLIUX PEK U PyUb-
€B TOBBINIANIACH BaprabeIbHOCTh KOHIIeHTpauu Cs B

J10.

Barpssnenue ¥Cs IO osep Byokca u Cyxomomns-
CKO€, OTHOCSIITUXCS K pe4HOH cucteme p. Byokca, orie-
HUBAJIOCh C y4YETOM BBINMAJCHUS «IEPHOOBLIHCKOTOY
137Cs 6.5 kbx/M? Ha nobepesxbe yeThs p. Byokca u nu-
TaHus ee u3 o3. Caiima, 3arpssuennoro 3’Cs [12, 13].
bonee ~90% BomocOopa Byokcel HaxomuTcs Ha Tep-
putopun @unnauauu. [lostomy konuentpauun 37Cs
B Boje Byokchl ompenensiuch 3arpssHenueM /Cs
03. Caiima u ero BojocOopa miomanasio 61054 KMZ.
Caiima mipu 3epkane 4380 km? umeeT 36 KM 03epHBIX
Bo/1. Ha 3amayyio uacts Gacceitna ozepa *’Cs Bbimano
B ~ 2—3 pa3a Gospllle, YeM Ha BOCTOUHYIO Ha TPAHMIIC C
Poccueit (~6.5 kbk/m?) [13]. B JIagosxkckoe 03epo BObI
ByoKcHI MOCTYNaloT 10 CEBEPHOMY MEJIKOBOIHOMY PY-
KaBy yepes3 03. Byokca 1 TIOJIHOBOTHOMY FOXKHOMY Y-
KaBy depe3 03. Cyxomonbckoe u p. bypnas. [IpuBnoc
BoJl B Jlajory Mo ceBepHOMY pyKaBy PE3KO CHIIKAET-
Cs1 TIOCJIe BECEHHETO TTOJIOBOABS M3-32 MEITKOBOTHOCTH
pycia. [ToaTomy 1o ceBepHOMY pyKaBy B IMEPHOA MaK-
cuManbpHOTO 3arpsisHeHus Box (1986—-1989 rr) B Jla-



4 BAKYHOB u np.

—
(=]

Konnenrparus, bx/m?
wn

2012 2014 2016 2018
Tonpr

Puc. 2. '¥7Cs B Bozte pexu Byoxca, Bx/M: 1 — B paiione noc.
Jlecoropckuit, 2 — B paiione noc. Jloceso.

JIOKCKOE 03epo nocTynano Menbiie 37Cs, yeM mo 1ox-
HoMy pykaBy. B 1986 . [12] konuentparus *’Cs B Bozie
Byoxcst coctaBma 150 Bx/M3, uto B ~40 pa3 BhIlLIE J0-
aBapuiinoro yposns '3’Cs B Boze peku. K maro, uromo
1988 r. koHIIeHTpaIus c1ado mMoHU3mUNach 10 113 Bx/m?
u3-3a ycroitunBoro 3arpsasHenus '3’Cs Box 03. Caiima.
Kymynstususlii 3anac '*’Cs B 03. CaiimMa u Ha ero Bo-
Jn0cOope crocoOCTBOBAIM MPOJOHTAIIMN 3arPs3HEHHS
03epHO-peuHOol cucTeMbl Byokchl. [1o HallMM JJaHHbBIM,
¢ 2016 mo 2018 rr. KOHUEHTpaIKs 137Cs B BOZIE Byoxkcbl
xonebanack ot 5 10 10 Br/M? (puc. 2) ¢ TenaeHuei K
OoJiee BHICOKMM 3HAuCHHSIM 3MMOM, KOIJIa MpeKparia-
JIOCh MOCTYIUICHHE BOJX C MecTHOro BonocOopa. Ilpu
HU3KOM COZIEpKaHuH B3BecH B p. Byokca 0.2—6 mr/n u
BBICOKO# ckopocTH TeueHus norepu Cs B pycie pekd
oT uctoka y o3. Caiima no Mecra BrnajaeHus B Jlamox-
cKoe 03. ObUTM HeBbIcOKMMH. B mynkre Jlecoropckuii,
HaxomsmeMces Ommke Kk 03. Caiima (~24 kM), 9eM II.
JloceBo, HabIIOAANOCh HEOOIBIIOE IPEBBIIICHUE KOH-
uentpanun 3’Cs mo cpaBHeHHIO ¢ MyHKTOM JloceBo.
Ecmu momyctuts, 9To Bombl 03. CaiiMa OUHINAIOTCS OT
137Cs ¢ nonynepuonom Bpemenu T = 6.5 neT (1aHHBIE
10 OYHCTKe 03epa oT robansHoro 3’Cs [5]), To KoH-
nentparus 3’Cs B Boge Byokcsl (1988 1) x 2016 1.
JIOIKHA CHM3MTBCS 10 ~5.9 Bx/M3. Ha conocTtaBumoe
Bpems 2017-2018 rr. B p. Byokca '3’Cs 65110 B 5 pas
0oJBIIIe, YeM B BOE 03. DKocTpoBckast Mmanmpa [14].

Osxupanocsk Gonbliee 3arpsasHenne 5'Cs TPyHTOB
03. Cyxof0/bcKoe, ueM Byokca, U3-3a pasnuuus B MU-
TaHWM 03€p BOJAMH PeKH. B Toxe Bpemst ObICTpast cMe-
Ha Bo B 03. CyXOOIbCKOE CIOCOGCTBOBAIA BBHIHOCY
137Cs u3 Bomoema. O3. Cyxon0mnbckoe npu auHe 30 kv

(baKTHYECKH SIBIISETCS BOJOXPAHHWIHUIIEM PYCIOBOTO
TUNA C CWIBHBIM TE€UYEHHEM U MOATOPOM BOJ CO CTO-
ponsl Jlagoru. B o3epe n3-3a yepenoBaHUs IJIECOB C
oonpmumu (10 20 M) ¥ MaTbIMU TIyOMHAMU MUMEIOTCS
HEO/IMHAKOBBIC YCIOBUS CETUMEHTAIINN B3BECEl U Ha-
xorwtenust 3’Cs B rpynrax ama. IlnotHOCTh 3arpssHe-
uus ¥7Cs (tabmuna) J10 cranuuu 1 B 03. CyXomonbckoe
B JIBa pa3a OOJIbIIe, YeM IPYHTa CTaHIHH 2 ¢ (hapBaTepa
pycia (tabmn. 1). JloHHbIe OTIOXKEHUS CTaHIUN (HOpMU-
POBAIMCH B HEOAWHAKOBBIX JMHAMHUYECKUX YCIOBUSIX,
YTO OTPA3MIOCh HA MEXaHUYECKOM cocTaBe rpyHTa. Ha
cTaHuuu 2 ¢ (apsarepa pycna ciou kepHa 2—5, 5-8,
8—11 cm xapakrepnzoBanmuch Maccoid B 1.4—1.6 paza
oomnbire, yeM Ha ctanmuu 1. Ciou 10 0-2 u 2-5 cm co
CTaHIIUU 2 UMENTU OOJBIIYI0 MACCy, YEM CO CTAHIUU 1.

g tmy6okux o3ep ¢ epeMEeHHBIMHU ITTyOMHAMH B
BOJIOEME 3HAUUTEJIbHBIC PA3INYMsl B 3arpsI3HCHUU JTHA
WPH 3axonomepns! [11, 15]. [InoTHOCTS 3arps3HeHus
10 ¥7Cs no nanubIM 14 KOTOHOK U3 TITyGOKOTO 03€pa
BenukoOputanun brnenxam Tapa [15] nsmensinach ot
13.5 1o 2.6 npu cpeanem 5.97 xbx/m’. Brnusuue He-
OJJMHAKOBBIX YCJIOBHH CEAMMEHTALMHU Ha 3arps3HCHUS
JTHa 3TOTO 03€pa MPOCIIEKUBAIOCH U TI0 PAJAUOHYKIIU-
nam 238Pu, 23%-240py, 2! Am. Tlpu nuke KOHIEHTpAIUH
rno6ansHoro *’Cs B npoduie JIO nHa rmy6une 15 cm
ceuMeHTaIus coctaBmia 6.5 mM/ron. IIpu Takoii ce-
muMeHTannu B npogwie 1O Habmoganoch 1Ba MUKa
Cs, OTHOCSIIUXCSI K MOCTYIJICHUIO PaJUOHYKIIU/Ia B
~1964 u 1986 rr. 3HauUTENIbHBIC PA3JINUUS B 3arpsi3He-
Hun 37Cs JIO GosblIMX MPOTOYHBIX O3€p TPOCIIEKH-
BaIOTCS [TPH aHAJIN3E PACTIPE/ICIICHUs PAJUOHYKIINIA B
npodune 1O. Huwxuue yactu kepHos O o03. Byokca
u NUmannpa (puc. 3) xapakrepusyroTcsi 6osiee BEICOKOH
xoHuenrpanueii 1*’Cs B, uem B BepxHuX yacTsx. Taxoii
TPEHJ KOHIIEHTPAH MPOTHBOPEUUT 3aKOHOMEPHOCTH
pacnpenenenus 2’Cs B npodune JIO o03. Cyxonois-
CKOro ¥ cTaHImii ¢ Jlagoru. 3aech konuentpanuu 3’Cs
CHIDKQJIUCH OT BEPXHETO CIIOSl KEPHA K HUKEJIeKAIUM
CIIOSIM.

K oObsicHeHWIO HAONIOMaEMBIX pazIUduil B 3a-
rpssHennn J10 ozep '3’Cs mpuxoauTcs npuBiekarh
JIAHHBIC 10 MEXaHW3MaM, OMPEACIISFOIIUM MOCTYILIe-
HUE U MUTPALUIO 37Cs B J1O BogoemoB. CornacHo
TEOpPETHUECKUM OIcHKaM, [16] mpu ckopoctm mud-
¢ysun mommoranta 0.75x% 1077 cm*/c u cxopoctn
ceauMenTaruu  >1.0 cM/ro  ocakJeHHE B3Beced B
BOJIOEME CTAHOBHUTCS BEIYIIMM MEXaHU3MOM OUHIIE-
HUSl BOJ| M 3arpsi3HeHusl JHA. [10 ONBITHBIM JIaHHBIM
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[6], xoaddummentsr muddy3un D B aneBpPUTOBBIX
wiax onurorpodHeix o3ep CKaHAMHABUH COCTABHIH
n-(1078-10") cm?/c. Ipu Takux ko3pduumrentax ud-
(hy3uH 1 HEBBICOKOH CEIMMEHTAINH «9ePHOOBLITbCKHIDY
137Cs no 1991 . ocrasancs B BepxueM (0-2 cM) cioe
rpyHTa o3ep CkaHIMHABCKOTO TIoiyocTpoBa [6, 17]. B
YCIIOBUSIX HHU3KOM CEIMMEHTAIMK HaJ 3arpsi3HEHHBIM
CJI0EM TPYHTa C «4epHOOBUILCKHMY» 3'Cs MemyieH-
HO HapacTall CJIOW HOBBIX OTJIOXKeHHUH. B BbIOOpKe W3
9 ¢unHCKHX 03ep [18] ckopoCTh CenMMEHTAIlNH B3Be-
cu cocraBuwia 0.6— 17 mm/roa. Mcmonb3zyeM riobaiib-
ueiii 37Cs B xadecTBe MeTKH cequMeHTOreHes3a [8] u
HaxonuM (puc. 2, npoduns'3’Cs) a1 ozep Byokca u
Nmanapa ckopocTs ocaikOHaKOIIeHUs 5.5 1 2.6 MM B
TOJl COOTBETCTBEHHO. 3aMEIJICHHBII OOMEH BOJ B 9THX
o3epax (1.6-2.0 ner) cnocoOCTBOBAJI HAKOIUICHHUIO Ha
nHe B3Becel. IIpu BbIcOKOH cenrMeHTanuu B 03. By-
oKca ro6anpHbIi 37Cs GbLT 3aXOpOHEH Ha GOBIIYIO
IyOWHY TpyHTa, 4eM B 03. manapa. B ozepax Byok-
ca, bienxam Tapu [15] u Kysmn [19] nuk nio6anbHOTO
137Cs maxonuncs B crnoe kepHa 14-16 cm. B paGorax
[15, 19, 20] HeonunakoBoe cozepskanue 2’Cs B kepHax
03ep OOBSACHSIIOCH BIMSIHUEM THAPOIOTHYECKHUX YCIIO-
BUH Ha CETMMCHTAIIHMIO B3Becel 1 Ha 0COOCHHOCTH pe-
nbeda THA Ha CTAHIUSIX HAOFOICHUN.

Conepxanue '*’Cs B kepmax cranmumii 1 m 2 ¢
03. CyxonoibcKkoe OTpa)kaeT KOMOMHHUPOBAHHOE 3a-
Ips3HEHHE PAJIHOHYKIHJOM II00ANbHBIX BBINAJIC-
Huil u BeIOpoca ¢ YADC. CkopocTh ceJMMEHTaluH B
patione craniuii Obuta HU3KOHW. IlodTomMy 22-meTHsA
pasHHLa B MOCTYMJICHUU PaJUOHYKIUIOB B BOJOEM
(1964—-1986 1T.) yeTKO HE 000O3HAYWIACH B TIpOodHIIe
JIO B BHjie OTJENbHBIX THKOB KoHLeHTpamuu '37Cs.
I'pyOast orieHKa cemuMeHTany I CTAaHIIUK | BBITION-
HEHa I0 JOMyIIeHuo, 4yTo B cioe 0—1 cMm comepxkutcs
B 0CHOBHOM '37Cs «uepHOOBLIbCKOI» aBapuu. 10 3ol
OIICHKE, CKOPOCTh CeIuMeHTanuu paBHa ~0.3 MM/roj.
W3-3a HU3KOM CKOPOCTH CEIMMEHTALUU M HEBBICOKOM
ckopoctu uddysun 3’Cs ocHOBHOE KONUMYECTBO pa-
JUOHYKJIMIA COXPaHUIIOCH B cioe 0—5 cM kepHa cTaH-
it 1 u 2. Eciiu B 03. Byokca rry6una murpanun 3’Cs
He orpaHuumuBanach cioem 29-32 cum (puc. 3), To B 1O
cranmmid 1 ¥ 2 npoduis KOHIEHTpAIUi 137Cs 3akan-
YHMBAJICS CIEJOBBIMU KOJIMYECTBAMH PaJUOHYKIIHIA Ha
OTMETKax KepHa MeHee 17 1 8 cM cooTBeTCTBEHHO. Jist
JO cranmuii 1 u 2 03. Cyxomonbsckoe 34-meTHEH Kc-
HO3HUIMH «4epHOObLIbCKOro» ' *’Cs 0kazanoch HeocTa-
TOYHO JUIsl 3HAYUTEILHOW MUTPAIUH PATHOHYKIHIA B
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Puc. 3. ¥7Cs B mpodpune JIO oszep: I — Byokca, 2 —
Cyxononbckoe, 3 — Jlagoxckoe, 4 — manpa.

tonuy /1O. BeicOKasi MPOTOYHOCTH O3€pa OTPaHUYU-
BaJla CEIMMEHTALUI0 B3BECH, BCJIEACTBUE UETO IOBbI-
CUJIach poib AU PY3MOHHOTO MEXaHW3Ma B MUTPALIUH
panuonykiauzaa B roamty JO.

B [6, 15] npuBenensl xodpduuueHTsl 1udQy3un
(D) ¥7Cs n-(10%-10") em?/c B JIO o3ep. B 1O Ha-
Osroanach TCHJICHIMS yBEJIWYCHUS KOA(DPHUIIMCHTA
nuddysun 37Cs ¢ rmyOuHoi kepHa. MHOTOIETHSS KC-
nosunus mobansHoro 37Cs B JIO 03ep mo3BoserT olle-
HUTH AU(D(Dy3HI0 PaJHOHYKIHIA B TOJIIE WIOBBIX OT-
noxenuid. Takas mponenypa Obuta BemonHeHa aist J1O
03. Jlagoxckoe. M3-3a MpUCyTCTBUS B BEPXHUX CIIOSIX
J10 «ueproGbLIbCKOTO» 137Cs K onenke quddysuu mio-
6anpHoro '3’Cs mpuBneKany HUKHUE CIIOM KepHA, He
cozepskaiiye 3toro paauonyknuaa. Coxepxanue 3’Cs
B cnosix /IO 12-14, 14-16, 16-18, 18-20 u 20-22 cm
coctasmio 240, 190, 140, 78 u 15 Bk/kr cyxoit Macchl.
Bpems skcnosumuu ¥7Cs 1964-2020 rr. Kosdduim-
ent auddy3un st cnoés 14-16 cM U Janee cocTaBull
3.0x10°81.75x 1081 0.68 x 10~8 cM?/c cooTBeTCTBEH-
HO. DTu 3Hauenue D Bhime HabmonaeMbix 110~ em?/c
B BepxHux ciosax 1O (0-2 cm) o3ep CkaHIUHABUY NIPH
KOPOTKO# 2KCHO3MIMK «depHOObIIbcKoro» 37Cs [6].
[onysekosas naupdysus mobantsHoro 37Cs B miax
Jlagoxckoro o3epa ¢ D n-10"8 ecm?/c crocobeTBOBANA
ero murpanuu B tomy J1O. Koaddunmentsr muddy-
3un Cs B 1O Jlagokckoro o3epa coriacyroTcs co 3Ha-
yeHueM D [21], HaiineHHbIM 175 TpyHTa 03. balikam —
0.056 cm?/ron.

OnemenT CS OTHOCHTCS K PACCESIHHBIM XHMHYeE-
CKHM »yieMeHTaM 3emiin. Bpems mpeObIBaHUsA €ro wc-
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KyccTBeHHOTo pamuonykmuaa 3’Cs B reocdepe He
npesbimaet 70 set. Hakornenue '*’Cs B Bepxuux ciio-
SIX TIOYB M B TPyHTaxX JIHA BOJAOEMOB OTPayKaeT JIHIIb
3Tal €ro JoJroBpeMeHHOM murpauuu. B mousax [22]
137Cs npucyrctByeT B Tpex xumuyeckux (opmax: 00-
MEHHOMH, TPyAHOJOCTYITHOH MOHHOMY OOMeHYy U (UK-
CHPOBAaHHOM B KpUCTAJNIUTaX MUHEPAJIOB MOYB. B mio-
BBIX OTJIOKEHMAX OelopyccKHX o3ep [23] muib 4acTh
137Cs, cop6UpOBaHHOTO KJIOM, HAXOAMIACH HA MO3HUIIU-
sx cenektuBHOU copOuuu (FES), TpyaHOmocTymHbIX
HOHHOMY oOMeHy. OpraHndeckne KOMIUIEKCHI MIIOB C
MUHEpaJlaMH THIIa WUIHTA HauOoJee MPOYHO YA Ku-
Bau *’Cs B IIOMIOMIEHHOM COCTOSIHHM.

Jloctynuocth Murparuu 3’Cs B JIOHHBIX OTJIOXKE-
HUsIX 03. CyXOZOJIBCKOE OLICHHUBAJIU IO COACPIKAHHIO
OOMEHHOU XUMHYECKOH (HOPMBI paJMOHYKIIU/Ia, BbI-
nenseMoil B pacteop 1 M NH,4Ac npu cooTHoeHUH
a3 1 : 10 u Bpemenu B3aumoeiicteus das 1 cyr. s
9TOH IpolLexyphl BEIOUPAIH CJIOU KEPHA, B KOTOPBIX CO-
JeprKaHue PaJHoOHyKIHIA TO3BOJISIIIO KOPPEKTHO OMpe-
NenuTh Haauuue oomeHHOH Gopmbl 3'Cs. O6MenHas
dopma 3’Cs B IO 03. Cyxonombckoe orpeesiach
TOJBKO B clIosX TpyHTa 11-14 n 17-20 cM ¢ noBelIeH-
HEIM cofepkanueM 3Cs 490 u 700 Bx/xr [6]. Jons
o6mennoro '37Cs B ynmOMSIHYTBIX CIOSX KEpHA COCTa-
Buia 14.4 u 20.0% ot Basna cOOTBETCTBEHHO. bonbias
yacth '3’Cs Haxomumach B (DMKCHPOBAaHHOH M TpYJ-
HOAOCTYITHOH MOHHOMY OOMEHY XMMHUYecKoW (opme.
Huskoe cozepskanue B rpynte obmennoro '*’Cs crio-
coOCTBOBANIO COXpaHeHHI0 robdansHoro 2’Cs B cioe
29-32 cM B BuJe NUKa KoHLeHTpauu [6]. 3a nepuon
53-nmeTHero npeObIBaHUS TII00ATEHOTO 137Cs B moHHBIX
OTJIOXKEHUSIX CTAHIMH THK €r0 KOHIICHTPAIMH Ha TITy-
oune 29-32 cM He ObUT «pa3MBIT». B myOb JOHHBIX
OTJIOKECHUII MUTPUPOBAIM MOABWKHBIE XUMHYECKHE
dopmel 37Cs. Jlnsg apkrudeckoro u cyGapKTHYECKOTO
PETHOHOB CTPaHbl OTCYTCTBYIOT JaHHBIE, XapaKTepu-
3yromue (pu3nuKo-xummueckoe cocrosiue 2'Cs B 1O
BoZ0eMOB. [loaTOMy BOMpPOCHI TPOTHO3a MHTPALHH
137Cs nipu aBapuitHbIX 3arpsa3Henusax Bogoemon Ceepa
1 Hay4yHOro 0OOCHOBAHHWS AJISI HUX KOHTPMEp HyXkza-
IOTCS B JIOTIOTHUTENBHBIX SKCIIEPUMEHTAIBHBIX HCCIIe-
JOBaHMSX.

3AKIJITOYEHUE

U3yueHo cocTostHMe 3arpssHeHus 2/CS JIOHHBIX
OTJIOXKEHUH ITyOOKHX MPOTOUHBIX 03ep CeBepo-3ama-

HOro pernoHa. OOBEKTaMH HCCIEIOBAHUS SIBIISUIACH
JIOHHBIE OTJIOKEHUsI pedHoM cuctemsl p. Byokca—Jla-
JOXKCKoe 03epo W 03. Mmannpa, 3arpsisHEHHBIE Mpe-
HMMYILECTBEHHO 137Cs rmmo6asbHBIX BbIMAICHHI. J10
03. Konanckoe ¢ «4epHoObUIbCKIMY 13’Cs paccMarpu-
BaJIMCh KaKk 00BEKTHI cpaBHEHNS. [[ITOTHOCTE 3arps3He-
nus 37Cs J10 o3ep Byokca u CyXon0/bCKoe COCTaBMIIa
4.2-8.6 kKbK/M?, 4TO B ~4 U ~2 pa3a MeHbIIEe COIepKa-
nus *’Cs B nonHOM rpyHTe 03. KomaHckoe M3 30HBI
«4epHOOBUIbCKOTO» ciieia Ha DUHCKOM ToOepeKbe.
Conepsxanue 3'Cs B Bogax p. Byokca (20162018 rr.)
coctaBuio 5.3-9.3 Br/m>. Tlo ceBepHOMY MEJIKOBO-
JnHoMy pyciy Byokcel B Jlagory mocTymnajio MEHbIIe
137Cs, yem 1o 10)HOMY pykaBy uepes 03. CyXomomb-
ckoe. Boapl 03. Caiima — uctoka Byokcel — ocTarorcst
MICTOYHHMKOM 3arpsisHenust '3/Cs pekd U CONpSKEHHBIX
¢ Heif mo cToky ozep. 3arpasuenus '3’Cs nHa miecos
MPOTOYHBIX 03€p 3aBUCAT OT TUAPOJIOTHYECKHX YCIIO-
BUI1 ocajikoHakoruieHus. B 03épax Byokca u Mmannpa
TIpH CeAMMEHTAITH Oojiee 2.5 MM/TOj] KOHIICHTPAIIUN
137Cs moBblmanucy 0T BepXHEro cilos KepHa K Oolnee
[IyOOKMM  CJIOSIM; TMPOM30ILIO 3axopoHenne 37Cs
B toie J[O. Ilpu cegumenrtamuu menee 1.0 Mm/ron
137Cs nakannuBascs B BEpXHEM CJI0€ KePHOB (CTAHIIUH
03. Cyxomonsckoe, Jlagoxkckoe); koHnenrpamuu 3’Cs
CHIDKAJINCh OT BEepXHEro K HKHUM K ciosm J[O. B
nnax Jlagorm Ha Tyomae 14-23 oM ko3 PUITHEHTH
auddysun D rmobanshoro 37Cs n-(107%) em?/c 6buin
B ~10 pa3 Ooiplie HaOMIOOAEMBIX B BEPXHUX CIIOSX
KepHOB 03ep CkaHIAWHABHU TIPU KOPOTKOH SKCIOZUIIUH
«uaepHOOBLTECKOTO» 37Cs (1986-1992 rr.). Habmona-
emoe pacnpenenerue 2’Cs B JIO o3ep 00ycloBIeHO
couetanueM ceauMmenTorenesa u auddysuu 2’Cs. Ha
murpanuio 2’Cs B TOJILy JOHHBIX OTJIOKEHHUH BIMSET
coJiepXaHusl B TPYHTaXx OOMEHHON XHMHYeCKoH (op-
MBI pasMoHyKInaa; e€ nond B wiax 03. CyXonoiabckoe
cocraBuia 14-20% ot oOmero.
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137Cs MIGRATION AND PROFILE IN BOTTOM
SEDIMENTS OF DEEP DRAINAGE LAKES,
NORTH-WESTERN RUSSIA

N.A. Bakunov, Bolshiyanov D.Yu., Aksenov A.O.

FSBI «Arctic and Antarctic Research Institutey», St Petersburg, 199397 Russia
e-mail: aksenov2801@gmail.com

Modern contamination of global and «Chernobyl» '37Cs in lake-river systems bottom sediments is estimated.
Drainage lakes of North-Western Russia were investigated. Kopanskoe Lake, located south of the Gulf of
Finland, is on the trail of the «Chernobyl» 137Cs fallout, whereas Ladoga, Sukhodolskoe, Vuoksa, Imandra
lakes are located at its periphery, in Karelia and Kola Peninsula. Following parameters are distinguished:
lakes bottom '37Cs pollution density (kBq/m?), distribution of '3’Cs in the profile of bottom sediments, '3’Cs
diffusion coefficients (D) in bottom sediments and content of the exchange chemical form of the radionuclide.
137Cs contamination of the lakes was formed due to suspended matter sedimentation with '3’Cs, 137Cs sorption
and diffusion in bottom sediments. With sedimentation >3 mm/year, the concentration of '*’Cs increased from
the top to the bottom of the core (lakes Vuoksa, Ekostrovskaya Imandra), reflecting the gradual process of
137Cs migration into the sediments. The opposite trend of '3’Cs concentration was observed in the bottom
sediments of lakes Ladoga and Sukhodolskoe with sedimentation <0.5 mm/year. Here '3’Cs diffusion with D =
(0.5-6.2) x10°8 cm?/s caused slow radionuclide transfer in the bottom sediments. The main supply of 137Cs
was contained in the top layer 0—5 cm. 14.4-20 % of absorbed '3’Cs in lake Sukhodolskoye bottom sediments
were was in an exchange chemical form, extracted into solution | M NH 4 Ac.

Keywords: '37Cs, lakes, bottom sediments, '3’Cs supply, sorption, diffusion
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