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PE®EPAT

Boinycknast kBanddukanmonHas pabora mno Teme «Pacnpenenenue
paguon3otonoB Cs-137 u K-40 B KOMIOHEHTaX 3KOCUCTEMbI CBETJIIOXBOMHOTIO Jieca
(na mpumepe siecHoro MmaccuBa Jlonras ['pusa)» cogepkut 60 cTpaHuI] TEKCTOBOTO
JTOoKyMeHTa, 1 mpuiioxeHue, 98 MCHoib30BaHHBIX MCTOYHHKOB, 14 PHUCYHKOB, 5
TabwII.

I'JIOBAJIBHBIE  BBITTAJIEHUS, PAJMOHYKJIM/bI, I1[E3MI-137,
KAJIN-40, BOPEAJIBHBIM JIEC, JOJITAS TPUBA, KATEHA,
[TIOYBEHHBIE 'OPM30HTHI, CIIEKPOMETPUYECKMIT AHAJINS.

Hakomien  moctatouyHo  OOMIMPHBIA —~ MaTepual IO  aKKyMYJISAIHH
PAIUOHYKIUJOB B CTPYKTYPHBIX YaCTSIX JAPEBOCTOSI B YCIOBUSIX TJIOOATBHBIX
BBITIAJICHUI U B MOCI€aBapUHBIX cuTyanuax. OQHAKO UMEIOIIHNECS TaHHbIE YacTO
TPYJHO COIMOCTAaBUMBI JaXKe€ JUIsi TEPPUTOPUN C OJHOTUIHBIMU (HopmMamMu
PaIMOaKTUBHBIX BBIMAJACHUNA UM CXOJHBIMU JIECOPACTUTEIHHBIMU YCIOBUSIMU
OuoreoieHo3a. IT0 CBA3aHO HE TOJILKO C HAJIMYMEM OOJBIIOro yucia (HakTopos,
BIUSIOIINX Ha MOCTYIUICHHE PAJIMOHYKJIHIOB B PACTEHUS, HO U C OTCYTCTBUEM
CTATUCTUYECKOW TOJIEP KK OOJBIIMHCTBA TAKUX HCCIEAOBAHHUM, OCOOEHHO B
MHOroJIeTHEM psay. Ipoleccel pacnpeneneHuss paguoHYKIUAOB B JiecaX 3aBUCST
oT OoipiIoro yucia (akToOpoB - THUMA Jieca, OCOOCHHOCTEW KIMMATHYECKOIO
pekrma, MOYBEHHOTO TMOKpOBa M T.M. MHOrooOpasme JIeCOB BBIJBUTACT TEPE]T
JIECHOM PaJMO3KOJOTMEl 3a/layd OINpEeAeNIeHHs] CIEeHU(PUUECKUX OCOOEHHOCTEN
MUTPALMH PAIUOHYKIIUIOB B JiecaxX B 30HAJIbHOM acCIEKTe.

OO0BexT uccienoBanus — jecHor Maccus [onras ['puBa.

Llenpt0 aHHOM BBIMYCKHOM KBAIM(PUKAUIMOHHOW pabOThl  SIBISIETCS
omnpenenieHne 3amnaca U xapaktepa murpauuu Cs-137 u K-40 B koMIOHEHTax
OOopeanbHBIX JIECOB HA TIpUMEpE JIeCHOTO MaccuBa «Jlonras ['puBay.

3ajaun, KOTOPBIE PEIIAIUCH B XO/I€ BBHITIOTHEHHUS TAHHOU Pa0OThI:



1) BBISIBUTH 3amac W YJCIbHYIO aKTHBHOCTh TIPOO IIOYBHI, €€ (DHU3HKO-
XUMUYECKHE CBOWCTBA U THIT;

2) paccuuTtaTh KO3(GGUIMESHTHI PacIIpeIeICHUs] PaIMOHYKIUIOB B IIOYBE;

3) u3MepuTh AKTHBHOCTH, BJIAKHOCTH W 30JbHOCTH KOMITOHEHTOB COCHBI
OOBIKHOBEHHOM;

4) CpaBHUTH PE3yJIbTAThl C APYTUMH JTAHHBIMHU, B YACTHOCTH TI0 3alIOBETHUKY
«CTon0bI».

B pesynpTaTre BBINOTHEHUS BBITYCKHON KBaIU(UKAIMOHHON pabOThI
OTIPEJICIICH TUIT M OCHOBHBIC (DM3MKO-XHMMHYECKUE CBOMCTBA UCCIEAYEMON TIOUYBHI;
CEepOryMycoBas TJIMHUCTO-WJUTIOBUUPOBAHHAS IMOYBA JIECCHOTO MaccuBa «Jlonras
['puBa» xapakTepusyeTcsi Kak <JIerkas», Ooraras TyMyCOM, JKEJIE30M,
KapOoHaTaM¥u, OOMEHHBIMH OCHOBAaHHUSMH, HMEET BBICOKYI0 €MKOCTh KaTHOHHOTO
OoOMEHa U HACBHIIIEHHOCTh OCHOBAHUSIMU, PEAKIIHUIO CPEIbl OT CIIA00KUCION [0
CJ1a00IeIIOYHOM.

AHaM3 BHYTPUIIOYBEHHOTO PACTIPEICICHHS TTOKa3all, YTo akkyMyJsmus Cs-
137 mpoucxoaut B BepxHeM 17-TH CAaHTUMETPOBOM CJIO€ MOYBBI ¢ MAKCUMAJIbHBIM
3HAaueHHEM B 3-4 cM oT eé moBepxrocTH (0T 0,08 10 0,39 KBr/M?).

MaxkcumainbHas 30JIbHOCTb U BIIAXKHOCTh XapaKTEPHBI 7151 TPOO 307161 XBOU U
aykcuoOsactoB 1-ro roga mpupocra.

Ha ocHOBaHMHM CpaBHUTENHHOTO aHAM3a JIBYX YYaCTKOB BBISBJICHO, YTO
HamOosbiue 3anackl Cs-137 xapaktepHsl g 3anoBeqHuka «CTonObpy, 4YTO
omnpenenseTrcs oporpadueil. YCTaHOBICHO, YTO HU3KHE 3HAUYCHUS KOd(PdUIIMeHTa
Mexkdaznoro pacnpenenenuss Kd nns cBetyoxBoiiHoro seca «Jlosaroit I'puBbi»
COOTBETCTBYIOT HU3KOW ynenbHOM akTUBHOCTU Cs-137 B KOMIOHEHTaX COCHBI.
HampoTuB, B TEeMHOXBOMHBIX Jiecax 3amoBeaHUKA «CTONOB paguon30TOIEI 0oJiee

aAKTUBHO BOBJICKAIOTCSI B OMOJIOTHUECKHUI KPYTOBOPOT.



ABSTRACT

The master thesis on the topic “Distribution of Cs-137 and K-40
radioisotopes in the components of the light coniferous forest ecosystem (on the
example of the “Dolgaya Griva” woodland)” contains 60 pages of a text document,
1 appendix, 98 references, 14 figures, 5 tables.

GLOBAL FALLOUTS, RADIONUCLIDES, CESIUM-137, POTASSIUM-
40, BOREAL FORESTS, DOLDAYA GRIVA WOODLAND, CATENA, SOIL
HORIZONS, SPECROMETRIC ANALY SIS.

An extensve materiad has been collected on the accumulation of
radionuclides in the structural parts of the stand in conditions of global fallout and
in post-accident situations. However, the available data are often difficult to
compare even for areas with similar forms of radioactive fallout and similar
vegetation conditions of biogeocenosis. This is connected not only to the presence
of alarge number of factors affecting the intake of radionuclides into plants, but
also to the lack of statistical support for most of these studies, especidly in the
long-term series. The processes of distribution of radionuclides in forests depend
on a large number of factors such as the type of forest, the characteristics of the
climate regime, soil cover, etc. The diversity of forests sets the task of determining
the specific features of the migration of radionuclides in forests in the zonal aspect
for forest radioecology.

The object of the study is the “Dolgaya Griva” woodland.

The purpose of thiswork is to determine the stock and the pattern of Cs-137
and K-40 migration in the components of boreal forests using the example of the
“Dolgaya Griva” woodland.

Tasks that were solved in the course of thiswork:

1) toidentify the stock and specific activity of soil samples, its physico-
chemical properties and type;



2) to calculate the distribution coefficients of radionuclidesin the soil;

3) to find out the activity, humidity and ash content of samples of Scots pine;

4) to compare the results with other authors, in particular with the “Stolby”
Reserve.

As a result of Master thesis, the type and basic physicochemical soil
properties were determined: Albic Luvisol of the “Dolgaya Griva” woodland is
high in sand, humus, iron, carbonates, exchange bases, has a high cation exchange
capacity and base saturation, the pH varies from weakly acid to dlightly akaline.

An analysis of the subsoil distribution shows that Cs-137 accumulates in the
upper 17-cm layer of soil with a maximum value of 3-4 cm from its surface (from
0.08 to 0.39 kBg/m?).

Maximum ash content and moisture refer to the samples of 1-year-needles
and 1-year-auxiblasts.

Based on a comparative anaysis of the two sites, the largest stocks of Cs-
137 were found in the “Stolby” Nature Reserve, which was determined by
orography. It is established that the low values of the coefficient of interfacial
distribution (Kd) for the light-coniferous forest “Dolgaya Griva” correspond to the
low specific activity of Cs-137 in the pine components. On the contrary,
radioisotopes are more actively involved in the biological cycle in the dark-

coniferous forests of the “Stolby” Nature Reserve.
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PE®EPAT

Boinycknast  kBanudukanuonHas pabora mno Teme «Pacnpenenenue
paguon3oronoB Cs-137 u K-40 B KOMIIOHEHTAaX 3KOCUCTEMbI CBETIOXBOMHOIrO Jieca
(na mpumepe necHoro maccuna Jlonras I'puBa)» comepxut 60 cTpaHUI] TEKCTOBOIO
JOKYMeHTa, | mnpuiiokeHue, 98 MCIOIb30BAHHBIX HMCTOYHUKOB, 14 pHUCYHKOB, 5
TabwmII.

I'JIOBAJIBHBIE ~ BBINTAJEHWS, PAJIMOHYKJIUJIBI, IIE3UM-137,
KAJINI-40, BOPEAJIBHBIN JIEC, JOJIT'ASl TPMBA, KATEHA, IOUYUBEHHBIE
I'OPM30OHTBIL, CIIEKPOMETPUYECKHIT AHAJINS3.

Hakomyen — moctaToyHo — OOMIMpPHBIA — Martepuan 1O aKKyMYJISIUU
PAIVOHYKIIUJIOB B CTPYKTYPHBIX YaCTSIX JPEBOCTOS B YCIOBHSX TJIOOQTBHBIX
BBINIAJICHUN U B MOCJI€ABAPUMHBIX cUTyanusax. OQHAKO MMEONIMECS JaHHbIE YacTo
TPYJHO CONOCTAaBUMBI Jaxe JUIsi TEPPUTOPUM C OJHOTHMHBIMU (OpMaMU
PaIMOAKTUBHBIX BBINAJEHUA M CXOJHBIMU JIECOPACTUTEIbHBIMU  YCIOBUSIMU
OuoreoreHo3a. JTO CBSI3aHO HE TOJIBKO C HAJMYUMEM OO0JbIIOro 4Yuciia (akTopoB,
BIIMAIONIMX Ha MOCTYIUIEHWE DPAJAUOHYKJIHJOB B PACTEHHS, HO U C OTCYTCTBHEM
CTATUCTUYECKON TMOAAEPK KU OOJBIIMHCTBA TAaKUX HCCIEAOBaHUN, OCOOEHHO B
MHOT0JIETHEM psiay. IIpornecchl pacnpeneneHus paauoOHyKINIOB B JI€Cax 3aBUCAT OT
OompIoro yuciaa (GaxkTopoB - THIMA Jieca, OCOOCHHOCTEH KIMMAaTUYECKOTO PEeXHMa,
MOYBEHHOTO TOKpoBa M T.N. MHoroo0Opa3ue J€COB BBIABUTAET NEpeN JIECHOM
pPazMOdKOJIOTHEH 3a/layil ONpeAeNieHUsl Crenu(UYEecKuX OCOOCHHOCTEM MUTpaliu
PaIMOHYKJIUOB B JIECAX B 30HAIBHOM aCIEKTE.

OOBekT uccienoBaHus — jecHo maccus Jlonras ['puBa.

[lenpto AaHHOM  BBIMYCKHOM  KBaJM(UKAIMOHHOW  pabOThl  SIBISETCA
ompeneneHue 3amaca u xapakrepa murpauuu Cs-137 m K-40 B KOMIOHEHTax
OopeanbHbBIX JIECOB Ha ITpUMEpe JIeCHOTO MaccuBa «Jlonras ['puBay.

3amaun, KOTOPHIE PEIIAINCh B XO/I€ BHITIOTHEHUS JAHHOW paboTHI:



1) BBIABUTH 3amac M yAeIbHYIO0 aKTUBHOCTB MPOO MOYBHI, €€ (PU3UKO-XUMHUIECCKUE
CBOMCTBA U THII,

2) paccuutaTh KO3(hOUIMEHTHI pacipeeeHUs] PaIUOHYKIUAO0B B MIOYBE;

3) U3MEpUTh AaKTUBHOCTb, BIAXKHOCTh U 30JbHOCTh KOMIIOHEHTOB COCHBI
OOBIKHOBEHHOIA;

4) cpaBHUTH pe3ynbTaThl C JIPYTMMU JAHHBIMHU, B YAaCTHOCTH IO 3alOBEIHUKY
«CTONOBIY.

B pesynbrare BBINOJHEHHS BBITYCKHOM  KBalU(UKAIMOHHOW pabOThI
OTIpeJie]IeH TUI U OCHOBHBIC (DM3MKO-XMMHUUYECKHE CBOMCTBA MCCIEAYEMOW IMOYBHI,
CEpOTryMycoOBasi TJIMHUCTO-WIJIIOBUMPOBAHHAS TOYBA JIECHOIO MmaccuBa «Jlonras
['puBa» xapakTepusyercs Kak «ierkas», boraras rymycoMm, >kelie3oM, KapOoHaTamH,
OOMEHHBIMH OCHOBAHHUSIMH, HMMEET BBICOKYIO €MKOCTh KAaTHOHHOTO OOMEHa u
HACBIIIIEHHOCTh OCHOBAHUSIMU, PEAKIIUIO CPEbl OT CIIA00KUCIION /10 CJIa0O0IIEeI0OUYHOM.

AHaJIN3 BHYTPUIIOYBEHHOTO PACIpEAEEHUs MOKa3al, 4yTo akkymyssinusa Cs-
137 nmpoucxoaut B BepxHEM 17-TU CAaHTUMETPOBOM CJIO€ MOYBBI C MAKCUMAIbHBIM
3HaueHHeM B 3-4 cM oT eé osepxuoctH (ot 0,08 10 0,39 KBr/M?).

MakcumanbHasi 30JbHOCTh U BIQXXHOCTH XapaKTEPHBI JUIsl TPOO 30JbI XBOU H
aykcuOiactoB 1-ro roga npupocra.

Ha ocHOBaHMM CpaBHUTEIBHOIO aHAJINW3a JABYX YYacCTKOB BBISIBJIEHO, YTO
HanOonbmme 3amackl Cs-137 xapaktepnbl ans 3anoBegHuka «CTonObD», YTO
onpenensieTcss oporpadguel. YCTaHOBJIEHO, YTO HU3KME 3Ha4YeHHs] KoddduimeHTa
mexpasHoro pacmpenenenus Kd mms cBernmoxBoiiHoro neca «Jlonmrovr ['puBb»
COOTBETCTBYIOT HM3KOW yAenbHON akTUBHOCTH Cs-137 B KOMIOHEHTaX COCHBI.
HampoTuB, B TEMHOXBOMHBIX Jiecax 3amoBeqHUKa «CTOJOBI» paguou30TOIbl Oosee

aAKTUBHO BOBJICKAIOTCS B OMOJIOTHYECKUI KPYTOBOPOT.



ABSTRACT

The master thesis on the topic “Distribution of Cs-137 and K-40 radioisotopes
in the components of the light coniferous forest ecosystem (on the example of the
“Dolgaya Griva” woodland)” contains 60 pages of a text document, 1 appendix, 98
references, 14 figures, 5 tables.

GLOBAL FALLOUTS, RADIONUCLIDES, CESIUM-137, POTASSIUM-
40, BOREAL FORESTS, DOLDAYA GRIVA WOODLAND, CATENA, SOIL
HORIZONS, SPECROMETRIC ANALYSIS.

An extensive material has been collected on the accumulation of radionuclides
in the structural parts of the stand in conditions of global fallout and in post-accident
situations. However, the available data are often difficult to compare even for areas
with similar forms of radioactive fallout and similar vegetation conditions of
biogeocenosis. This is connected not only to the presence of a large number of factors
affecting the intake of radionuclides into plants, but also to the lack of statistical
support for most of these studies, especially in the long-term series. The processes of
distribution of radionuclides in forests depend on a large number of factors such as
the type of forest, the characteristics of the climate regime, soil cover, etc. The
diversity of forests sets the task of determining the specific features of the migration
of radionuclides in forests in the zonal aspect for forest radioecology.

The object of the study is the “Dolgaya Griva” woodland.

The purpose of this work is to determine the stock and the pattern of Cs-137
and K-40 migration in the components of boreal forests using the example of the
“Dolgaya Griva” woodland.

Tasks that were solved in the course of this work:

1) to identify the stock and specific activity of soil samples, its physico-chemical
properties and type;
2) to calculate the distribution coefficients of radionuclides in the soil;

3) to find out the activity, humidity and ash content of samples of Scots pine;



4) to compare the results with other authors, in particular with the “Stolby”
Reserve.

As a result of Master thesis, the type and basic physicochemical soil properties
were determined: Albic Luvisol of the “Dolgaya Griva” woodland is high in sand,
humus, iron, carbonates, exchange bases, has a high cation exchange capacity and
base saturation, the pH varies from weakly acid to slightly alkaline.

An analysis of the subsoil distribution shows that Cs-137 accumulates in the
upper 17-cm layer of soil with a maximum value of 3-4 cm from its surface (from
0.08 to 0.39 kBg/m”).

Maximum ash content and moisture refer to the samples of 1-year-needles and
1-year-auxiblasts.

Based on a comparative analysis of the two sites, the largest stocks of Cs-137
were found in the “Stolby” Nature Reserve, which was determined by orography. It is
established that the low values of the coefficient of interfacial distribution (Kd) for
the light-coniferous forest “Dolgaya Griva” correspond to the low specific activity of
Cs-137 in the pine components. On the contrary, radioisotopes are more actively
involved in the biological cycle in the dark-coniferous forests of the “Stolby” Nature

Reserve.



COAEPKXAHHUE

BBEIEHHE ...t e
1 COCTOSTHUE BOTIPOCA +..'uuutvveenneeeeiiiieeeeeennrrreeeeeennnsrreeeeesnsnsnneeeeenns
1.1 Posib ecTeCTBEHHBIX PaIMOU30TOIIOB B KPYTOBOPOTE BEUIECTB.......
1.2 HcTroyHMKH  MOCTYIUIEHMSI U pOJb  HCKYCCTBEHHBIX
PAIUOU30TOIIOB B KPYTOBOPOTE BEIIECTB. ....uuveeeeeuureeeaurreeennereeeananreessnreeesnnnee
1.3 Pacnpenenenne wuzoronoB Cs-137 u K-40 B necHoil 30HE
HApYLIEHHBIX U HEHAPYIIEHHBIX TEPPUTOPHM. .« .uveeenneeeaiaeeaniieennieennnn.
2 PaiioH, 00BEKTBI 1 METOIBI HCCHETOBAHMSL. .....evvvvvveeeeeeeeeeeeeeeeeneeennnns
2.1 Onucanre paloHa UCCICMOBAHMS . . .uvvveeeennnrreeeennnneeeeannnnenn,
2.1.1 ®duszuko-reorpa@uuecKoe OMUCAHNUE PAUOHA. ... .evverneenennnne.
2.1.2 TTOUBEHHO-PACTUTEIBHBIA TTOKPOB. ...t vveeenrreeeennnnneeennnnnnnns
2.1.3 KnuMaTo-rUAPOIOTHUECKUE YCITOBHS. . e uvveneenneeenneenneannenne
2.2 METOMIBI MCCIEIMOBAHMS. ¢ « e . e e eueeeneeneeeateeaitenateeteenaeeneannns
3 Pe3yNbTaThl M OOCYIKIICHHUE . . .. ueeeeeenteenteeanteeee et eniaeenne e
3.1 OUBUKO-XMMHUYECKUE CBOMCTBA UCCIEAYEMOM MOUBHI. ..............
3.2 3amac u xapakrep wmurpauuu uzotonoB Cs-137 u K-40 B
KOMITOHEHTAX JIECHOTO JIAHAIIAMDTA. ...t veeutententententtentententeaneenneanenns
3.3 Cratuctruyeckasi 00pabOTKA PE3YIBTATOB. ....uuvenreenreennennnnnns
3.4 CpaBHUTENbHBIN aHAJIA3 PE3YJIBTATOB C APYTUMHU ABTOPAMH. . ... ..
BBIBOMBL. . .ot
CIIMCOK COKPALIEHMM. .....uvvveeenirieeeeiieeeeniiteeeeniiteeesiteeessaebeeesnbeeesenaneeeens
CHIMCOK UCTIOTB30BAHHBIX UCTOUHHKOB . ...uuueeentteeanieeeanaeennaeanns

TIPHITOKEHIE .. ovvneinnt it e e

o AN N W

15

21
21
21
22
24
26
32
33
36

47
49
58
60
61
73



