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ABSTRACT. Large-scale research of the Yenisei River sediments that has been conducted in the area
affected by the MCC of Rosatom over a long distance, up to 1580 km downstream of Krasnoyarsk, has
revealed the presence of various artificial radionuclides, thus making it possible to calculate sedimen-
tation rates by using different radioisotope techniques. Retrospective analysis shows that in the past 60
years, considerable activities of the artificial radionuclides '*’Cs and '*?Eu entered the sediments of the
river from the MCC-affected area during the anomalous floods in 1966 and 1988 and ®°Co - during the
2006 flood. To explain the radionuclide peaks in the layers dated to other periods, additional sediment

research is needed.
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1. Introduction

Radioecological monitoring shows that sedi-
ments of the Yenisei River are contaminated by artificial
radionuclides from the Mining-and-Chemical Combine
(MCC) of Rosatom and global fallouts. Analytical stud-
ies of sediments from the near (15 km) and far (up to
1500 km) zones affected by the MCC detected a wide
range of artificial radionuclides and radioactive par-
ticles (Bolsunovsky, 2010; Bolsunovsky et al., 2017).
The analysis of the vertical distribution of radionu-
clides in the layers of sediment cores collected in the
MCC-affected areas revealed peaks of '*Cs and other
radionuclides, which could be formed during the heavy
floods in the Yenisei River (Sukhorukov et al., 2004;
Bolsunovsky, 2010; Vakhrushev et al., 2023). During
the floods, the large water discharge through sluices of
the Krasnoyarsk Power Plant resulted in flooding of the
river plain and riverside villages, including the MCC riv-
erside zone. As the river flow rate increased during the
flood, radioactive sediments were transferred from the
floodplain zone at the MCC downstream, over consid-
erable distances (Bolsunovsky et al., 2021; Vakhrushev
et al., 2023). However, the dating of sediment layers
is a necessary procedure to determine more accurately
the periods when peaks of artificial radionuclides
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were formed in sediments. The purpose of the present
study was to analyze the spatial distribution of artifi-
cial radionuclides in the Yenisei River sediments and
to reconstruct the chronology of deposition of radionu-
clides in the sediments using radioisotope techniques.

2. Materials and methods

Sediment cores used in the study were collected
from the Yenisei River floodplain in the MCC-affected
area, stretching as far as 1580 km downstream of
Krasnoyarsk (close to the Arctic Circle). Sediment cores
collected at the village of Balchug (15 km downstream
of the MCC discharge point — about 97 km downstream
of Krasnoyarsk) represent sediments of the near MCC-
affected zone. Sediment cores collected at the villages
of Zakharovka, Novonazimovo, Komsa, and Kureika
(272 to 1580 km downstream of Krasnoyarsk) repre-
sent sediments of the far MCC-affected zone. The cores
were collected using steel corers — 11-cm diameter
pipes of different lengths, with flap valves. Sediment
cores were cut into 2-4-cm layers at the sampling site.
In laboratory, the dried sediment samples were ana-
lyzed for the artificial radionuclides ®Co, !*’Cs, 152Eu,
and ™Eu and the natural radionuclides ?'°Pb and *“Pb
using a GX2320 Canberra y-spectrometer (U.S.) with
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a hyper-pure germanium detector. Sedimentation rates
were determined using the 2!°Pb method, the ratios of
artificial radionuclides, and the method of reference
radionuclides.

3. Results and discussion

Analysis of sediment cores revealed 2 to 3 max-
ima of artificial radionuclides along the cores from the
near MCC-affected zone (the village of Balchug) and 4
to 5 peaks of artificial radionuclides in the cores from
the far MCC-affected zone (the villages of Zakharovka,
Novonazimovo, and Komsa). The length of the cores
collected in the far MCC-affected zone reached 140 cm.
Some of the cores contained layers with abnormally
high activity concentrations of the artificial radionu-
clide *’Cs (up to 25000 Bq/kg), which corresponded to
the low-activity radioactive wastes. Those layers were
formed during the extreme flooding in 1966, which
transported large masses of sediments from the MCC
area to the town of Yeniseisk (410 km downstream
of Krasnoyarsk) and, probably, farther downstream.
Sediment layers with anomalous maxima of *’Cs, under
certain conditions, can serve as reference markers for
the date of the 1966 flood (Bolsunovsky et al., 2021).

The upper layers of the sediment cores collected
after the 2006 flood contained increased activity con-
centrations of °Co, which was also present in the form
of radioactive microparticles. Those microparticles
were detected in both the near and far MCC-affected
zones (the village of Komsa), as far as 945 km down-
stream of Krasnoyarsk. The increased ¢°Co activity
concentrations in the upper sediment layers resulting
from the 2006 flood can serve as the marker of the date
(2006) for calculating sedimentation rates. Hence, for
many of the sediment cores collected from the Yenisei
River downstream of the MCC discharge point, there
are two reference radionuclides marking flood dates:
%0Co in the upper part of the core (the 2006 flood) and,
under certain conditions, *’Cs in the lower part of the
core (the 1966 flood).

Analysis of the sediment cores collected close
to the MCC (the village of Balchug) showed that sedi-
mentation rates calculated using the radionuclide ratio
(**Cs/ °Co and 2Eu/"*Eu) method ranged between
0.5 and 1.3 cm/year. That range was close to the range

of sedimentation rates obtained for the reference sec-
tion of the river (upstream of the MCC) using the 2°Pb
method (0.5-1.0 cm/year) (Vakhrushev et al., 2023).
For the areas far away from the MCC, sedimentation
rates calculated using the radionuclide ratio method
ranged between 2.0 and 3.5 cm/year, and they were
higher than the sedimentation rates obtained for the
near zone, at the village of Balchug. The higher sedi-
mentation rates in the areas located farther from the
MCC may be caused by changes in hydrological condi-
tions downstream of the confluences of large tributaries
(the Kan River, the Angara River, and other rivers). The
sedimentation rates in the far section of the river calcu-
lated using the method of reference radionuclides '*’Cs
(the 1966 flood) and %°Co (the 2006 flood) were gen-
erally similar to the rates obtained using the *’Cs/°Co
ratio method.

The calculated sedimentation rates can be used
to reconstruct the chronology of deposition of *’Cs
and other radionuclides in the Yenisei sediments. As an
example, Figure 1 shows chronology of deposition of
artificial radionuclides in the sediments at the village of
Zakharovka, 272 km downstream of Krasnoyarsk. For
that core, similar sedimentation rates were obtained
by using the ¥’Cs/%°Co ratio (2.3 cm/year) and the
reference radionuclide ®°Co (2.2 cm/year). The maxi-
mal activity concentrations of ¥”Cs in that core were
formed in the layers of 1976-77, 1982-84, 1988-91, and
1994-1997 (Fig. 1A). One of the *’Cs peaks (1988-91)
was evidently associated with the heavy flood in the
Yenisei in 1988. The %°Co maxima in the sediment lay-
ers of that region were formed in 1995-98, 2006, and
2010. One of the ®Co peaks (2006) was definitely asso-
ciated with the major flood in 2006. The main maxima
of 152Eu (Fig. 1B) in sediment layers of that region were
formed in 1976-77, 1982-84, 1990, and 1994-1998,
completely coinciding with the dates of formation of
137Cs peaks (Fig. 1A). Analysis demonstrated that one of
the ¥Cs and >2Eu peaks in that region was associated
with the 1988 flood while one of the ®°Co peaks — with
the 2006 flood. However, the *’Cs and »?Eu maxima
in the sediment layers dated to 1976-77, 1982-84, and
1994-1997 and the %°Co maxima in the layers dated to
1995-98 and 2010 cannot be attributed to the effects
of the major floods. These maxima may be associated
with unrecorded discharges from the MCC and changes
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Fig.1. Chronology of deposition of the artificial radionuclides *’Cs and %°Co (A) and '>?Eu (B) in sediments of the Yenisei
River in the region far downstream of the MCC, at the village of Zakharovka.
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in the hydrological conditions in this remote section of
the river. Some of the lower layers of sediment cores
contained microparticles with !*?Cs and the transura-
nium element ?!Am, which can be used in the future
studies to understand the occurrences of the maxima of
artificial radionuclides in sediments.

4. Conclusions

Sediment cores collected from the Yenisei River
close to the MCC (15 km) contained 2 to 3 peaks of arti-
ficial radionuclides along the core; the cores collected
in the far MCC-affected zone (up to 1500 km down-
stream), which were up to 140 cm long, contained 4
to 5 maxima of radionuclides. The sedimentation rates
calculated for the regions far away from the MCC (2.0
to 3.5 cm/year) were higher than the rates obtained
for the near MCC-affected zone (0.5-1.3 cm/year). The
reconstructed chronology of deposition of artificial
radionuclides in the Yenisei River sediments demon-
strated that in the past 60 years, considerable activities
of the artificial radionuclides *”Cs and !*2Eu entered
the sediments of the river from the MCC-affected area
during the anomalous floods in 1966 and 1988 and ®°Co
— during the 2006 flood. More sediment cores need to
be collected and studied to explain the occurrences of
the radionuclide peaks in the layers dated to 1976-77,
1982-84, and 1994-1997.
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AHHOTAILIUS. MacmtabHble rcceqoBaHus JOHHBIX oTjoxeHn (JJO) peku EHucel B 30He BIUSHUSA
nearenbHocTU I'’XK PocaToMa Ha IpOTAXeHHOM ydacTke o 1580 kM o TeyeHuo peku oT r.KpacHosp-
CKa BBIABWJIM IIMPOKUH IlepedyeHb TEXHOTeHHBIX PaAHUOHYKJINIOB, [T03BOJIAININX UCIOJIb30BaTh pa3Hble
PaAnoOU30TOIHBIE METOBI pacueTa CKOPOCTeN OCaAKOHAKOIIEHN . PeTpOCIeKTUBHEIN aHaJIN3 T0Ka3aJl,
YTO 32 mocyiegHue 60 JieT 3HAUUTeIbHA YaCTh TEXHOTEHHBIX pagquoHyKInAoB ¥’Cs u 5?Eu nmoctynasa B
J1O peku u3 30HbI XK BO BpeMsi aHOMaJIbHBIX MaBOAKOB 1966 1 1988 romos, °°Co — BO BpeMs maBojKa
2006 roma. CymecTBOBaHHE MaKCMMyMOB PAaJAHUOHYKJIMJOB B CJIOAX, JATUPOBAaHHBIX APYTHMU IIE€PUO-
JaMu BpeMeHH, TpebyeT JOIOJHUTEeIbHEIX ucciiefgoBanuil J0.

Kitioueavie cyroga: oHHBIE OTJIOXEHUs, peka EHMcel, TeXHOreHHbIe paguoOHYKJIMABL, CKOPOCTh

OCaAKOHAKOIIJIEHWA, XPOHOJIOTA
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1. BBeapenue

Hounnsle otioxenus ([0) pexku Enuceit o gan-
HBIM PaJMO3KOJIOTMYECKOr0 MOHHUTOpPUHIA 3arpss-
HeHBl TeXHOTeHHBIMU PaJUOHYKJINAAaMU B pe3yJbTaTe
nesarenbHOCTH I'opHO-xuMM4Yeckoro komouHaTta (I'XK)
Pocatoma u rio6anbHBIX BhINAJeHNUN. AHaIUTHYeCKHe
ucciaenoBanus mpod JJO 6srxHeln (15 kM) U qajpHen
3oHH (o 1500 xm) Bimanusa I'’XK 3apeructpupoBaiu
HIMPOKUI IepedyeHb TeXHOTeHHBIX PaJUOHYKJIMJOB, a
TaKxke paAuoakTuBHble yacTunbl (Bolsunovsky, 2010;
Bolsunovsky et al, 2017). IIpoBefeHHbIII aHATU3 BEp-
TUKAJIBHOTO pacnpefesieHns paguOHYyKJINUAOB B CJIOAX
kepHoB J]O, oTtoOpaHHBIX B 30He BausaHuA XK, BbiA-
BUWI MakcUMyMBl '¥Cs u Jpyrux paguoHYKJIUIOB,
KOTOpble MOrJiu OHTh CcHOPMUPOBAHBE B IEpPUOJIbL
KPYIIHBIX MaBoAKOB Ha p. EHwuceii (CyxopykoB u Aap.,
2004; Bolsunovsky, 2010; Baxpymes u np., 2023). Bo
BpeMsA MaBOAKOB OOJIBIION pacxof BOABI yepe3 ILIO-
TuHy KpacHospckoili 'DC mpuBoauil K 3aTOIJIEHUIO
MOVMMBl peKrd € IpUOpPeXHBIMHU HAacCeJIEHHBIMU IyH-
KTamu, BKJouass OeperoByio 30Hy pasmemeHusa I'XK.
Bospocmas Bo BpeMs IaBoAKa CKOPOCTb T€YEHUA PEKU
IprBejia K MepeHOoCy paJuOaKTHBHBIX HOHHEBIX OTJIO-
JKeHUI MOMMBI peku u3 30HB BOM3u I'XK Ha 3Hauu-
TeJIbHbIE PACCTOSHUA MO TeueHUo peku (Bolsunovsky
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et al., 2021; Baxpyrues u ap., 2023). OgHako a1s 6osiee
TOYHOT'O YCTAaHOBJIEHUSI BPEMEHHBIX MIEPUOOB 00pa30-
BaHUSI MaKCMMYMOM TEXHOTE€HHBIX PaJIMOHYKJIUIOB B
J0 Heob6xoauMO npoBecTu AaTUpoBKy cjioeB [O. Llesb
HacTosAIIel paboThl — aHAIN3 MTPOCTPAHCTBEHHOT'O pac-
npeJieJleHNsi TEXHOTeHHBIX paauoHykiaugoB B O p.
EHmcell 1 XpOHOJIOTUM TIOCTYIUJIEHUS PAAHUOHYKJIN/IOB
B IO ¢ ucnosb30BaHNeM paguON30TOIHBIX METOIOB.

2. MaTtepuanbl 1 MeTOAbI

J7ia uccrefoBaHUI HMCIOJIb30Bau KepHbl J[O,
oToOpaHHBIX B 11oliMe peku Exniceli B 30He Biausanua XK
Ha paccrosauu 110 1580 km (B61u3u [TossspHOTO KpyTa)
o TedyeHuio pexu ot r. KpacHospcka. Kepusr [0, oTo-
O6paHHble BOIM3U cesia bamuyr (15 kM 10 Te4eHUIo peKu
ot I'XK — 97 kM 1o TeueHu10 peku oT I. KpacHospcka),
xapakTepusyloT O OyxHell 3oHB BauAHuA I'XK.
Kepuni J10, oroOpaHHBIE BOJIM3M ceJl 3axXxapoBKa,
HosonaszumoBo, Komca, Kypelika (Ha paccrosgHuu OT
272 po 1580 kM ot KpacHosipcka) xapakrepusynt O
nanbHel 3oHB BauaHuA I'XK. [lna orbopa mcnosb3o-
BaJIn CTajibHble MPOOOOTOOPHUKU — TPYOBl pa3HOU
JJIMHBL ¢ fuaMeTpoM 11 cM U JIereCTKOBBIM 3aTBOPOM.
Ha mecte npo6ootbopa kepHsl J]O paspe3anu Ha CJIoU
mo 2-4 cMm. B nmabopatopum BeICymIeHHBIe ITpoOb 1O
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aHaJIM3UPOBaJIM Ha COMEpXKaHUe TeXHOTEHHBIX Pajuio-
HyxkaugoB °Co, %7Cs, 152Eu, >*Eu u npupoaHsix 2°Pb,
214pb Ha y-cekTpomeTpe GX2320 “Canberra” (USA) co
CBEPXYKCTHIM repMaHHUEBBIM JeTeKTOpoM. s pacueTa
CKOPOCTH OCaJIKOHAKOILIEHUs KCIOJIb30BAI METOJBI
HepaBHOBecHOTO 2°Pb, oOTHOIIEHWA TEXHOTEHHBIX
PAOVOHYKIMIOB U METOJ PENEPHBIX PaAUOHYKINIOB.

3. Pe3ynabTaTtbl M 06Ccy)xpeHue

Ananu3 kepHoB J[O BbIABUII 2-3 MakcUMyMa TeX-
HOTeHHBIX PaJUOHYyKJIUAA IO IJIyOuHe KepHa B OJIK-
Hel 30He BiausHuA ['XK (c. Bamuyr) u 4-5 MakcuMyMoB
TeXHOTeHHBIX PaANOHYKJIWJOB [AJI1 KepHOB HajbHel
3oHbl ByusaHuA ['XK (cena 3axapoBka, HoBOHa3uMoOBO
u Kowmca). [Ipu sToMm ginHa oToOpaHHBIX kepHOB 10
nasbHel 30HBI focturana 140 cm. [[jia oTneIbHbIX Kep-
HOB OOHapy>XeHHbI CJION aHOMAaJIbHOT'O COJiepXKaHus TeX-
HOTeHHOTO paauoHykuaa *’Cs (mo 25000 bk/kr) B 1O
p- EHuceit mo teuenuo ot I'XK, mocruratomero kare-
ropuyl paguOaKTUBHBIX OTXOHOB HM3KON aKTHUBHOCTHU.
OTH cJI0M 006pa30BaJIMCh B NepHOJ MOIIHOIO IaBojKa
Ha peke Enuceill B 1966 roay, nepeHeciiero 60Jiblive
maccol JIO u3 pationa B6ausu I'XK mgo r. EHwuceticka
(410 xm ot KpacHosipcka) 1, BO3MOXHO JaJjiee IIo Teye-
HUI0 peky. CJIoU JOHHBIX OTJIOKEHUI ¢ aHOMaJIbHBIMU
MakcuMymaMmu ¥7Cs mpu Omnpedes€HHBIX YCJIOBUAX
MOT'YT CJIyXKUTh pellepHbIMU MapKepaMu AaThl NaBOAKa
1966 roma (Bolsunovsky et al., 2021).

Jna xepHoB J[O, OoTOOpaHHBIX MOCJIe IIaBOJKa
2006 roa, B BEpXHUX CJIOAX 3aperucTpUPOBAHO MOBBI-
neHHoe cofiepxxaHue %°Co, B ToM uuciie B popme paau-
OaKTHBHBIX MHKPOYACTHUI[. DTU MHUKPOYaCTHULBl ObLIN
obHapyXXeHBl KaK B OJIIKHeN, Tak U B JaJjibHell 30He
BiusHus ['XK (c. Komca) Ha paccrosHuu 1o 945 kM 1o
TeueHUIo peKkH oT I. KpacHospcka. IToBhieHHOe cofep-
xaHue ®°Co B BepXHUX €JI051X KepHOB J]O, BO3HUKIIIEe B
nepuon nasogka 2006 roga, MOXeT CJIY>XUTb MapkKe-
poM fatsl (2006 r) ns pacyeTa cCKOpocTel ocafKoHa-
korutenus. CiieoBaTesbHO, AJ11 MHOrux KepHoB 10 p.
Enuceil nocye copocoB I'XK MBI MMeeM ABa penepHBIX
paguoHyKIMAAa — MapKepa JaThl MaBojkoB: °Co B Bepx-
Hel yactu KepHa (maBoiok 2006 rox) u *7Cs B HUXKHEN
YyacTH KepHa IIpU oIlpefieJIeHHBIX YCJIOBUAX (IIaBOJOK
1966 ron).

Ananus xepHos J10, otob6panHbix BOu3u ['XK (c.
Banuyr), mokasas, yTo paccudTaHHBlE CKOPOCTH Ocaf-
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KOHaKOIUJIEHUsA MeTOAOM OTHOIIeHUsA PaguOHYyKJINAOB
(*¥7Cs/ °Co u >2Eu/'**Eu) 6pun B auarmnasoHe 0.5-1.3
cM/rofd. DTOT MHTepBaJl CKOpOCTel OJIM30K K HMHTep-
BaJly CKOpPOCTell O0CaJKOHAKOIIeHHA, IOJIyYeHHOMY
JUI1 KOHTPOJIBHOTO palioHa peku (BbIIle PacIoIoXeHUsA
I'XK) mo merony HepaBHOBecHoro 21°Pb (0.5-1.0 cm/
ron) (Baxpymes u ap., 2023). lns yaaneHHsix oT I'XK
palioHOB paccyMTaHHBIe CKOPOCTH OCAaJAKOHAKOILJIeHNUA
MeTOAOM OTHOUIeH!s paAHuOHYKJINUJOB OBLIIA B UHTEp-
Bajie oT 2.0 go 3.5 ¢cM/T0of, YTO MpEBHIIAIN NOJIyYeH-
Hble 3HaUYeHUs CKOpOCTel i O/ImkHel 30HBI BOJIU3U
c. banmuyr. Bo3pacTtaHue cKOpOCTU OCaJKOHAKOIIJIEHUA
Juia yaasieHHbIX oT XK pailioHOB MOXeT OBITh CBA3aHO
€ U3MeHeHreM I'MAPOJIOTMYeCKUX YCIJIOBUI peKH 1ocJe
BIIaJIeHNA KPYIIHBIX NpUTOKOB (pek Kan, AHrapa u py-
rux). Mcnosbp3oBaHue MeTo[ia pellepHbIX paJUOHyKJIH-
noB ¥’Cs (maBomok 1966 1) u *°Co (maBomok 2006 r)
JUIA pacuyeTa CKOPOCTEeH OCaJKOHaKOIUJIeHUA yJaJieH-
HOI'O y4yacTKa peKH B OOJIbIIMHCTBE CJIy4aeB COOTBET-
CTBOBAJIO CKOPOCTSAM, IOJIy4YeHHBIM MEeTOAOM OTHOIIe-
HusA ¥7Cs/%°Co.

PaccunTaHHBlE CKOPOCTHM OCAOKOHAKOIJIEHUS
[IO3BOJIAIOT OINpEeJe/JUTh XPOHOJIOTHIO IOCTYILJIEHUA
137Cs m ppyrux paauoHykiaumoB B JO p. EHuceil. B
KayecTBe IprUMepa Ha pUCyHKe 1 IpuBefieHa XpOHO-
JIOTHA NOCTYIUIEHNUs TeXHOTeHHBIX paJUOHYKJIMIOB B
JO BOsm3u c. 3axapoBka Ha yJajgeHuu 272 KM OT T.
KpacHosipcka. [y JaHHOTO KepHa CKOPOCTU OCaJKO-
HaKOIUJIEHUs, paccUWTaHHble Ha OCHOBAaHWHU OTHOIIe-
HUA paguoHykymaoB ¥7Cs/%°Co (2.3 cm/ron) u pernep-
Horo ®°Co (2.2 cm/Ton) coBmanu. Kak cienyer u3 puc.
1A, makcumyMbl cofiepkanus ¥’Cs B ciosx JJO atoro
patioHa cdopmupoBamnck B 1976-77, 1982-84, 1988-
91 u 1994-1997 romax. OguH 13 MakcuMymoB *’Cs
(1988-91) oueBUAHO CBA3aH C KPYNHBIM MaBOJKOM Ha
peke Enuceil B 1988 rogy. MakcuMyMsl cofiepxaHus
%Co B ciosix IO atoro pairioHa cGOpMHPOBAJIUCH B
1995-98, 2006 u 2010 rogax. OAUH U3 MaKCUMYyMOB
50Co (2006) oqHO3HAYHO CBA3AH C KPYMHBIM MaBOIKOM
Ha peke B 2006 roay (puc. 1A). OCHOBHbIE MAaKCUMYyMBbI
cogepxanus 52Eu B ciosax JJO (puc. 1B) aToro patioHa
cdopmupoBanucsk B 1976-77, 1982-84, 1990 u 1994-
1998 roga — NOJHOCTBIO COBNAAAIOT ¢ BpeMeHeM ¢op-
MHpPOBaHUSA MakCUMyMOB '¥’Cs. I[IpoBeJeHHBI aHAJIN3
MOKA3aJI, YTO OOWH U3 MakcuMmyMoB *7Cs m !52Eu B
JO paHHOro paiioHa cBsizaH c maBogkoMm 1988 ropa,
a oauH u3 MakcuMymoB ®°Co — ¢ maBOAKOM Ha peke
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Puc.1. [IpuMep XpOHOJIOTHUU MOCTYIJIEHUA TEXHOTEHHBIX paauoHyKIUI0B ¥’Cs u ©°Co (A), u 52Eu (B) B JOHHBIE OTJIOXKEHUS

p- Exuceit ynanensoro ot I'XK pationa B61m3u ¢. 3axapoBKa.
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B 2006 rogy. OgHako Apyrvue MaKCHMyMBI IOCTYILIe-
HuA ¥Cs u %2Eu B citou O nmatupoBaHHble 1976-77,
1982-84, 1994-1997 romamu, a TakXe MaKCUMYMBEI
%0Co B JO matupoBanHbie 1995-98 1 2010 rogax moka
He MOI'yT ObITh OOBsCHEHHI BIMSAHNEM KPYITHBIX [TaBOM-
KOB Ha peKe. BO3MOXHO, 3TV MaKCUMYMBHI [TOCTYIJIEHNA
pamuoHykiauaoB B JIO cBA3aHHEL KaK C HEU3BECTHHIMU
copocamu I'XK, Tak u ¢ U3MeHeHHHIMU T'MApPOJIOrHye-
CKHUMMU YCJIOBUSMM PEKU Ha 3TOM Y[IaJIeHHOM Y4YacTKe.
B HeKOTOPHIX HIDKHUX 105X KepHOB J]O o6HapyXeHHI
MHWKPOYACTHIIBI, cofiepxaiue *7Cs U TpaHCYypaHOBHII
aJIeMeHT 2! Am, KOTOpHBIE B AaJIbHEHIIEM MOTYT TIOMOYb
¢ obbsacHeHeM (GOPMUPOBAHUS MaKCUMYMOB TeXHO-
TeHHBIX paguoHyKInAoB B J0.

4. 3aknioueHue

Kepusi 10 p. Enucett Bosm3u I'XK (15 kM) coaep-
kKaT 2-3 MakCHMyMa TeXHOTeHHBIX PaJuOHYyKJIUAOB IO
rirybuHe, Ui AasibHell 30HBI BausHuA XK (o 1500
KM) OTMeueHHI 4-5 MakCUMyMOB paJJMOHyKJIMIOB B Kep-
Hax, JyuHou 0o 140 cm. lns ynanenssix ot I'XK paii-
OHOB pacCUMTaHHBIE CKOPOCTU OCAAKOHAKOIJIeHH:A (0T
2.0 mo 3.5 cMm/ron) mpeBbIlIaIy MOJTyUeHHble 3HaueHNsA
ckopocTell [y 6ykHel 30HH BiausHusA ['XK (0.5-1.3
cM/rof). AHasIU3 XpOHOJIOTMH MTOCTYIJIEHNA TeXHOTeH-
HBIX paanoHykiangoB B J10 peku EHuncell mokasas, 4To
3a nmocjegHue 60 JieT 3HAUYUTEsIbHAA 4acThb TeXHOTeH-
HBIX paguoHykiuaoB *’Cs u '>2Eu moctynasa B JO
peku u3 30Hb ['XK BO BpemsA aHOMaJIbHBIX IIaBOJKOB
1966 u 1988 romos, °Co — Bo Bpemsa maBojka 2006
roga. CymlecTBoBaHHe MAaKCHMyMOB PaguOHYKJINIOB
B APYrux CJOfIX, AaTUpOBaHHBIX 1976-77, 1982-84,
1994-1997 rogamu, TpeOyeT AONOJHUTEILHOTO 0TO0Opa
Y aHasM3a HOBBIX KepHOB J10.
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