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OIIHKA IHTEHCUBHOCTI HAKOITMYEHHS JOHHUX BIAKJIAJEHb
B KYAJIBHULIBKOMY JIMMAHI

Mera. OuiHka TeMIliB HAKOITMYESHHS JOHHUX BiJKJIaJIeHb B ABOX paiioHax KysjabpbHUIIBKOTO JIMMaHy 3 BHKO-
PHCTaHHIM paIioHYyKJiIHOrO Metony. Meroau. 3a cTaHIapTHUMU METOJIaMH BifOOPY KOJIOHOK JJOHHMX BiJIKiIa-
JIeHb Ta TaMMa-CIIEeKTPOMETPUYHMX BU3HAYCHb KOHIGHTpalill paaionykiiais. PesynasraTn. Ha ocHOBI pe3yib-
TaTiB JOCIHIIKeHb, poBeaeHUX y 2016 p., Oynu BU3HAa4YeHI MOLIAPOBI KOHIEHTpALil paaioHyKIiaiB ne3ir-137,
Kanito-40, paznito-226 Ta Topito-232. AHaii3 BepTHKaJIbHUX NpodiiaiB KOHIEHTpawLii 11e3ir0-137 1aB MOXKIHMBICTH
BIIEpIIIC 3pOOUTH OIIHKK IHTCHCUBHOCTI OCaJKOHAKOMWYCHHS B BOX paliOHax JMMaHy B mepioau 1962-1986-
2016 pp., AKi TOTIM Oy BUKOPWCTaHI IUIA IHAWNKATUBHOTO JAaTyBaHHS aHOMATIH B PO3MOMiN KOHICHTpAIii
PamioOHYKIIiIIB IPUPOJHOTO TOXOKEHH Kalifo-40, paniro-226 Ta Topiro-232. BucHoBku. IlokazaHo, o B Hu-
JKHIH 1 cepenHiit yactuHax Kyspaumekoro mumany B 1986 — 2016 pp. cepenHi MBHAKOCTI 0CaIKOHAKOTTHYCHHS
cxiagamu 0,8+0,1Mm/pik ta 1,8+0,2 MM/pik BiamoBigao. Y 1962-1986 pp. iHTCHCHBHICTh OCaIKOHAKOITHICHHS B
000X YacTHHAX JIUMaHy OyJa MPakTHYHO OJHAKOBOIO i ckimanana 1,9+0,2 mm/pik. Cepenni 3a nepion 1962-2016
pp. 3HayeHHs ckianu 1,6+0,1 mm/pik Ta 1,8+0,2 MM/pik 1J1s1 HIXKHBOT 1 CepeHbOT YaCTHHU JIMMaHY BiJIIOBIIHO.
JIyist OiibII TOYHOTO AATYBAaHHS INAPiB JOHHHUX BIIKIAJCHB, IKi HAKOMAYYBAIKUCH paHimie 1962 poky, 3amporio-
HOBaHO IPOBECTH JOAATKOBI MiHEPAJIOT1YHI TOCHTIPKEHHS Ta BAKOPUCTOBYBATH PaIiOHYKJITHUNA METOJ [UIsl BU-
3HAYCHHS TEMITIB OCAKOHAKOTIMYCHHS B IHIIUX BOIHUX 00’ ekTax [IpudopHOMOp s

Knrouosi cnosa: ocaaxonakonudeHus, nesii-137, xamii-40, pamniii-226, Topiit-232

Medinets V. 1.}, Soloviev V. G.%, Cherkez Ye. A.}, Fetisov L. P.2,Medinets S. V., Svitlichniy S. V.,
Botnar M. G.*

Odessa National I .I. Mechnikov University

2LTD “Ecological Safety Centre”

ASSESSMENT OF BOTTOM SEDIMENTS ACCUMULATION INTENSITY IN THE KUYALNYK
ESTUARY

Purpose. Assessment of bottom sediments accumulation rate for two areas of the Kuyalnyk Estuary using
radionuclide method. Methods. The study has been done in two areas of the Kuyalnyk Estuary: the middle part
near Kovalivka village and the lower part to the north from the sanatorium, using the standard methods of sedi-
ment columns sampling and gamma-spectrometric analysis of radionuclides concentration. Results. Based on
the results of the studies of 2016, layer-by-layer concentrations of Cesium-137, Potassium-40, Radium-226 and
Torium-232 were determined. Analysis of vertical profiles of Cesium-137 concentrations enabled us to assess,
for the first time, the intensity of sediments accumulation in two areas of the estuary for the periods 1962-1986-
2016, which later were used for indicative dating of anomalies in the distribution of natural radionuclides Potas-
sium-40, Radium-226 and Torium-232 concentrations. Conclusions. It has been shown that in the lower and
middle parts of the Kuyalnyk Estuary the average rate of sediments accumulation in 1986 — 2016 made 0.8+0.1
mm/year and 1.8+0.2 mm/year respectively. In 1962-1986 sediments accumulation rate was practically the same
in both parts of the estuary and made 1.9+0. mm/year. The average values for the period 1962-2016 made
1.6+0.1 mm/year and 1.8+0.2 mm/year for the lower and middle parts of the estuary respectively. It has been
proposed to perform additional mineralogical studies for more precise dating of the sediment layers accumulated
before 1962 and to use radionuclide method for determination of sediment accumulation rate in other water bod-
ies of the Black Sea region.
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OIIEHKA HHTEHCUBHOCTHU OCAJIKOHAKOILJIEHUSI JOHHBIX OTJIOXKEHUM B K-
AJIBHUIIKOM JIMMAHE

Hean. OneHka TEMIIOB HAKOTUIEHHS JOHHBIX OTJIOKEHHH B IBYX paiioHax KysuIbHHIIKOTO JIMMaHa ¢ UCIOJb-
30BaHUEM PaAMOHYKINIHOTO MeTona. MeTtoabl. [lo craHmapTHEIM MeTOAaM OTOOpA KOJOHOK JOHHBIX OTIIOXKE-
HUHA M raMMa-CIEeKTPOMETPUYECKHX ONpeNeNIeHUH KOHIEHTpauuii paguoHykinaoB. Pesyabrarel. Ha ocHoBe
pe3yIbTaTOB HCCIeI0BaHUH, poBeaeHHBIX B 2016 1., ObUIM OmpeaeneHbl MOCIOWHBIE KOHIICHTPAHN PaJHo-
HYKIHIOB ne3us-137, kanua-40, panust-226 u topus-232. AHanu3 BepTHKAIBHBIX Npodwieil KOHLIEHTpauuii
1e3us-137 nan BO3MOXKHOCTB BIIEPBBIC BBIIIOJIHUTH OLICHKH WHTEHCHBHOCTH OCAJKOHAKOIUICHNS B IBYX pailoHax
nuMana B nepuozabl 1962-1986-2016 rr., KOTOphIe MOTOM OBIIIM MCIIOJIB30BaHbI JJIs1 HHAMKATHBHOTO IaTHPOBa-
HUS aHOMAJIMH B paclpeAeieHHH KOHICHTPAIMi paJnOHYKIHNIOB €CTECTBEHHOTO MPOUCXOXKAEHH Kanmsa-40,
pamus-226 u topus-232. BoiBoawl. IlokazaHo, yTo B HIDKHEH M cpeqHed yacTax KysuIbHUIIKOTO JMMaHa B
1986 — 2016 rr. cpenHue cKopocTH ocaakoHakorwieHus coctapmsum 0,8+0,1 mm/rox u 1,8+0,2 Mmm/rox coot-
BeTcTBeHHO. B 1962-1986 rr. MHTEHCHBHOCTH OCa/IKOHAKOILJICHUSI B 00EUX YacTsAX JIMMaHbl ObLIa MPAKTUYECKH
onmHaKoBOH M cocraBmsiia 1,9+0,2 mm/ron. Cpenaue 3a mepuon 1962-2016 rr. 3HaveHus coctasmwin 1,6+0,1
Mm/roa u 1,8+0,2 Mm/roa Ui HIDKHEH U CpeHeH YacTel TMMaHa COOTBETCTBEHHO. [1Jis 6ojiee TOYHOTO TaTHPO-
BaHMS CJIOEB JOHHBIX OTJIOKCHMH, KOTOpbIE HaKalIMBAIMCh panee 1962 r., mpeanokeHO MpOBECTH JOMONHU-
TENIbHBIC MUHEPAJOTHYECKUE MCCICIOBAaHHs U UCIOIb30BaTh PaJHOHYKINAHBIA METOJ JUIS ONPEICIICHUS TeM-
TMIOB OCAJIKOHAKOIUIEHHS B IPYTUX BOIHBIX 00beKTax [IpraepHOMOpBDS.

Kniouegvle cnosa: ocankoHakoruieHue, nesuii-137, kanuii-40, panuii-226, Topuii-232

Bcemyn

OnHiero 3 akTyaJlbHUX MPOOJIeM cydac- HAJIXOJDKCHHS TEPUTCHHOTO CTOKY. B 3B’s3Kky
HOT0 KpU30BOT0 cTaHy KysuIbHHIIBKOTO JHUMa- 3 BIJICYTHICTIO pEAJIbHUX CKCIEPUMEHTAIBLHUX
HYy € 3MEHIIeHHs 00CATIB BOAW B HHOMY Ta ITi- JTAaHUX PO IHTEHCUBHICTHh IhOTO siBUINA B Ky-
JIBUIIICHHS MiHepai3allii, ska MPU3BOJIUTH 10 STILHUIIBKOMY JIMMaHi, HaMH OYJIO MPOBEICHO
HEraTUBHUX HACNIJKIB y (DYHKI[IOHYBaHHI 0io- crerfiajibHe JIOCIIIJDKCHHSI B paMKaXx JepxOro-
[IEHO3Y Ta Tpoliecax GOpMyBaHHS YHIKaJIbHHUX JOKETHOI TeMU «BUBYHMTH KPHU30Bi1 3MiHH €KO-
JTiKyBambHUX Tpsizeii [1-4]. OCHOBHUM YWHHU- cuctemu KysuIbHHUIIBKOTO JIMMaHy Ta OOTPYyH-
KOM TIOTIpIICHHS CTaHy JIUMaHy, SKUH MiaT- TyBaTH 3aXOA¥ I0J0 cradimizamii Horo exo-
PUMYETHCSI BCiMa HAyKOBIISIMH, € 3MEHIIICHHS JIOTIYHOTO CTaHy» (HAYKOBHH KEepPIBHUK MPOQ.
00CsTiB BOAM B JMMaHI BHACIIZOK ITOPYILICHHS Uepkes €.A.).
BOJIHOTO OajaHCy uepe3 KIIMaTU4Hi 3MiHH 1 Mera [OOCIIDKEHHS — OLIHUTH TEMIIH
PYKOTBOpHE IPHUITMHEHHS MPICHOBOAHOT'O HAKOIMYEHHS JIOHHUX BIJKJIaJIcHb B JBOX pa-
cToky 3 piuku Bemmkuit Kysubauk. Llle ommi- roHax KysUuIbHUIIBKOTO JMMaHy 3 BUKOPHC-
€10 BIPOT1THOIO MPUYUHOIO OOMUTIHHS JIMMa- TaHHAM PAJTIOHYKJITHOTO METOJY, SIKHI BHUKO-
Hy, SKYy IEpiOAMYHO HA3MBAIOTh EKCIECPTH, PHUCTOBYETHCS JIJIsl BU3HAUCHHS OKPEMHUX Xapa-
Moe OyTH 3aMyJicHHs (HAKOTIMYCHHS JTOHHUX KTEPUCTHK CEIMMEHTAIIIi 1 YIS TaTyBaHHS BiKY
BiJIKJIaJICHb B JIMMaHi) 32 paxXyHOK HPUPOIHOTO JOHHUX BinkianaeHs [8-10].

00’ ckmu ma memoou 00cioIcens

OO0’eKT HOCIHIKEHHS — JOHHI BIIKIIa- ['mubuHa BOJHOIO 1Iapy B MicIsX Big0o-
neHHsa KyanpHuIpkoro nuMany. i BUBUEHHS py kxonoHok ckiagana 10-15 cm (D1) Tta — 35-
TEMITIB HaKoNn4eHHs Hamu 15-16 Bepechs 2016 40 cm (D2). [loHHI BigKIaAeHHS HA IHUX JISH-
poKy Oynu BifiOpaHi JBi KOJOHKH JOHHUX BiJI- Kax OyJiM TIpeJICTaBIeHI YOPHUMH MYJIaMH, sIKi
KJIaJIeHb 3 HETIOPYILEHOI0 CTPYKTYpoIo (puc. 1): OyJIM TIOKPUTI TOHKOIO KipKOIO TillCy 3aBTOBIII-
D1 3 koopmaunaramu 46,71311 m.m. i 30,62121 ku Oing 5 mm. s 3pilicHeHHsT BiOoOpy Hamu
c.I. (B cepenHiil yacTuHi umany, Ous c. Kosa- BHKOPHCTOBYBAJACh IJIACTUKOBA TPyOa JOBKH-
miBka) ta D2 — 46,57533 ma. i 30,72405 c.x. (B HOKO 1,5 M 3 BHYTpIIIHIM JliaMeTpoM 72 MM.
HIDKHIA 9acTHHI JIMMaHy, MiBHIYHIIIE CaHATOP- TpyOy mnaBHO BHIABIIOBATM B TOBILY
HOT'O KOMIUIEKCY), SIKi BU3HAYAJINCh 32 JIOTIOMO- JIOHHUX BIJKJIaJICHb HA TIMOWHY HEe MEHIN 5K 60
roto nopraruBHoro GPS wnasiratopa GARMIN CM, TICJI YOTO BEPXHIO YACTHHY TPyOH 3aKpH-
GPS-12-XL. BaJIM TEPMETHYHOIO TUIACTUKOBOIO 3arTyIIKOIO
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Puc. 1 — Cxema po3sranryBaHHS MiCIb BiOOPY KOJIOHOK JIOHHHX BiJKJIafieHb B KysaabHUIIBKOMY JTMMaHi:
D1 (16.09.2016 p.)i D2 (15.09.2016 p.)

Ta migHIMaTK BigiOpanuii 3pa3ok. [licims mif-
HoMy TpyOM 3 BOAM, HIDKHIO YacTHHY TpyOu
JIOIATKOBO 3aKPHBAIM T'€PMETHYHOIO IUIACTHU-
KOBOKO Kpuiikoro. [licist mocraBku BimiOpaHOi
KOJIOHKH Ha CyXy IUISIHKY Oepery nepiii 10 cm
KOJIOHKH DPO3AUISUIM Ha mmapu udepe3 | cm, a
motiM 3 10 cM J10 KiHIISI KOJIOHKH Yepe3 KOXHi
3 cM. 3a I0TIOMOT0I0 TIOPIIHEBOTO €KCTPYAepa,
BHUTOTOBJICHOTO  CIiBPOOITHUKAMHU TOB
«entp ekosoriunoi Oe3mekm». B skocTi piza-
Ka BHMKOPHCTOBYBAIM TOHKHH IIMIATelb TOB-
muHoto 0,1 mm. Bimmineni 3pa3ku mapiB ko-
JIOHKHU CKJIaJJAJINCh B MOJIIETHJICHOBI MAKETH U
nocraBisuick B nadoparopito TOB «llenTp
€KOJIOTTYHOI Oe3MeKu», B K BOHU y BI/IIOBI-
JTHOCTI 3 PEKOMEHMAAIISIMHU [5] 3Ba)KyBajuCh,
BHCYIIYBAINCH T4 TMOMIIIANKCh B CIEIiaIbHi
KIOBETH TSt MIPOBEACHHS ramma-
CIIEKTPOMETPHYHOTO BH3HAYCHHS KOHIICHTpa-
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mii pamioHyKJIiAiB TOpiro-232, panir-226, ka-
mir-40 1 1es3ir-137, ske 3aiHCHIOBANIOCH 3
BUKOPDHCTaHHSIM TraMMa-CIIEKTpOMeTpa, JIo
CKJIQZly SIKOTO BXOJIWIM CHEKTPOMETPUYHHN
migcumoBay  BYUW-3K, crnekrpoMeTpuuHuiA
mporiecop  AIIT-8K-2I", 610Kk BHCOKOBOIBT-
Horo xwuneHHs bHB-31 ta nHamiBnpoBijHU-
koBuit nerekrop ORTEC GEM-30185. Kani6-
pOBKa rama-CIIeKTpOMeTpa 3/iHCHIOBAJIACh 3a
JoroMoror 06’emuoro iMitanty tumy OCH-1.
InenTudikamito pamionykmigiB kamito-40, me-
3ir0-137, panito-226 ta Topito -232 npoBoaANIH
y BIIOBITHOCTI 3 MeTOAMKOIO [6] 3a eHepriero
ramMMa KBaHTIB 3 eHeprismu . 1460, 662; 186 i
1860 KeB BiamosimHo. OOpoOka rama-
CIIEKTPIB Ta PO3pPaxyHKH BMICTY pafioOHyKIiliB
B 3pa3Kax 3JIHCHIOBAIM y BIAMOBIIHOCTI 3 Me-
TOIMKOIO [7] 3 BUKOPHCTaHHSIM MPOrPAMHOTO
3abe3neuenns JICPM. BixgHocHa cratuctuyna
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MOMHUIJIKA TaMa-CIIEKTPOMETPUYHUX BUMIpIO-
BaHb 3 ypaxyBaHHSM pPiBHIO 30BHIIIHBOTO pa-

nioaktuBHOTO (poHY He nepeBuiIyBana 10%.

Pe3yﬂbmamu ma 062060p8HH}l

AHai3 BepTUKAIBHOIO PO3MOJITY KOH-
HEHTpaIiil pamioHyKIimiB 1e3ito-137, Kkaiiro-
40, pamiro-226 Ta TOpIi0-232 1O TIIMOMHI
kooHoK D1 Ta D2 mokasaB HacTymHe.

B cepenniéi yactTuHM JMMaHy (CTaHILSA
Bijobopy D1) BepTuKagbHUI pPO3MOIT KOH-
neHTpanid 1mesiro-137 (puc. 2) xapaktepusy-
BaBCA HASBHICTIO MAaKCUMAaJIbHHUX 3HAYEHb
47,8-51,4 Bx/kr B mapax BiIKJIaJCHb HA TJIH-

ounax 3,0-6,0 cm. Hapmami, 3 rimbuHOIO cHo-
CTEepIiraBcsl HACTYITHHUI HEBEIUYKUH MaKCUMYyM
y 19,3 bx/kr Ha rmmbuH1 9-10 cM 1 mam KoH-
LeHTpalis 1e3ifo-137 MOHOTOHHO 3MEHIIy-
BaJach J0 IIMOMHHU 17 CM, 3a SIKOIO CIIOCTE-
piranch (GOHOBI 3HAYCHHS, OJM3BKI IO MEXi
BH3HAYEHHS, SIKA B 3aJIEXHOCTI Bi 00cATy
3paska cknazaana Big 1,0 no 2,2 br/kr.
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Puc. 2 — BeprukanbHU pO3MOILT KOHIIEHTpAIiH 11e3i0-137 B KOJIOHKaX JOHHUX Biakmaaens D1 (a) Ta D2 (0),
BimiOpanux B KysuibHUIIBKOMY TiMaHi B BepecHi 2016 poky

BpaxoByroui Toif (akr, 1m0 mnepmuii
MaKCUMyM KOHIIEHTpauiid mesito 127 Biamo-
BiJla€ MOTO HAJIXOKEHHIO Ticiss YopHOOMIb-
cbKoi aBapii 1986 poky, MOXKHa KOHCTaTyBaTH,
10 1ap AOHHUX BinkiaaeHs Bix 3,0 1o 6,0 cm,
3 ypaxyBaHHSIM Au(]y3iiHUX MPOLECIB B HHUX,
chopmMyBaBcst Ha TIpoTs3i ocTaHHiX 30 pokKiB, 1
IHTEHCHBHICTh 1X HaKOMM4YeHHS 3a octaHHI 30
POKiB MOxe OyTH oriHeHa B Mexax Bix 1,1 mo
2,5 MM/pik Tipu cepenHbOMy 3HadeHH1 1,8+0,7
MM/pik. HacTymHum mkepeaoM HaIxoKEeHb
1e3i0-137 710 BOAHMX O0’€KTIB Y MHUHYJIOMY
BBKAETHCS CEPisl MILHUX SICPHUX BUIPOOY-
BaHb 1960 pokiB 3 MmakcumymoMm y 1962 pori,
SKI BHUKOPHUCTOBYIOTHCS 1HIIMMH JIOCIIIHU-
kamu [8-10] mpm maryBaHHI IMapiB JTOHHHX
BigknageHb. Ll maTi BIANOBIZAIOTH MiABU-
IICHHI KOHIICHTpaIlii 1e3ito-137 mapy JoHHUX
BiJKJaieHb Big 8 1o 20 cM 3 MaKCUMyMOM Ha
rmbuHi 9-10 cMm, TOOTO cepemHs iHTCHCHUB-

43

HICTb HAKOIWYEHHS [OHHUX BIIKIAAEHb 3
1962 p. mo 1986 p. ckmanana 1,9+0,4 mm/pik, a
3a Bech mepiog 1962-2016 pp. — 1,8+04
MM/pIK.

B HmxHil yacTHHI TUMaHy (CTaHIS BijI-
6opy D2) BepTHKaTbHHIA PO3MOILT KOHICH-
Tpamii 1nesito-137 (puc. 2) xapakTepusyBaBcs
HasBHicTIO MakcumyMmy 17,3 Bk/kr B mapax
Biakiagens Ha rimounax 1,0-3,0 cMm. 3a cBoiMm
3HAYEHHSIM IIeil MakcuMyMm OyB Maibke B 3
pa3u MeHImUM HiX B KojioHmi D1 B cepemHiit
yactuHi JuMany. Ha rnmubunax Big 4,0 go 14,0
CM CIIOCTEpIraBCcsl HACTYNMHHUH HEBEIMYKHAN
MakCUMyM KOHIeHTparii 1e3iro-137 (6,03
Bx/kr) Ha rmubuni 8,0-9,0 cMm, skuii Tex OyB y
2,7 pa3u MeHIUM Hik Ha ctanmii DI1. Hamgam
KOHIICHTpAIlis 11e3if0-137 MOHOTOHHO 3MEH-
LIyBaJIach 10 ruOuHU 14 cM, 3a SIKOIO cIocTe-
piraxuck (QOHOBI 3HAYeHHA, TOOTO MOXKHA
3pOOUTH BHCHOBOK, IO B HIDKHIA 4YacTHHI
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JUMaHy Iap IOHHHUX BIAKIAJCHb, B SKOMY
peectpyeThes 1e3iit-137 Ha mpoTA3i OCTaHHIX
30 pokiB micns YopHoOunbcbkoi —aBapii,
chopMyBaBcs Ha TiuMOMHAX Big 2 1m0 4 cwm.
TakuM 4YWHOM, IHTCHCHBHICTh HAKOIHUYCHHS
IOHHUX BlAKIamgeHb B KojoHmi D2, 3
ypaxyBaHHSM Tu(Y3IMHAX MPOIECiB MOXKe
OyTu omineHa B mexax Bix 0,7 no 1,3 mm/pik,
npu cepeanbomy 3HaveHHi  0,8+0,1mm/pik.
Orinka iHTeHCHBHOCTI BiJKJIa/I€Hb 32 HAIXO/-
JKEHHAMU 1e3i10-137 Bij siIepHUX BHITPOOY-
BaHb 1960-X pOKiB MoKa3ajia, mo Inap JOHHUX
BiJIKTaJicHb B KoJoHII D2, B sikomy crocte-
piraquch MiJBUINCHHI KOHIEHTpAIlii Ie3iro-
137, po3ramoByBaBcs Ha TIMOMHAX Big 4 110
10 cm 3 makcumymoM Ha rmbuHi 8,0-9,0 cwm,
TOOTO HAKONWYEHHS [OHHUX BIIKIAAEHb 3
1962 poxy no 1986 nopisaroBano 40-50 mwm 3a
24 poku, 1110 BiANOBigae iHTeHcuBHOCTI 1,7-2,1
MM/piK TIpu cepeaHboMmy 3HadeHHi 1,9+0,2
MM/pik. CepeqHs IHTeHCUBHICTh HAKOMTMYECHHS
BIIKJIQJICHh B HIKHIA YacTWHI JUMaHy 3a
nepiog 1962-2016 poxu ckmamae 1,6+0,1
MM/piK, IO TPAKTUYHO CHIBIAJa€ 3 HAIIOIO
OIIIHKOIO JUTS BEPXHBOT YACTHHU JIUMaHY.

TakuM YMHOM MOHA KOHCTaTyBaTH, IO
B KysIbHUIIbKOMY JTUMaHi €KCIIEPUMEHTATEHO
BH3HA4YeHI PiBHI 0CaJKOHAKOITUYEHHS KOJMBA-
yuck B 1986-2016 pp. B mexax Big 0,8 10 1,8
MM/pik, B 1962-1986 pp. — Oynu mpakTHIHO
OJTHAKOBUMHU 1 gopiBHIoBanmu 1,9 mMm/pik, a B
1962-2016 pp. — cknananu 1,8 i 1,6 Mmm/pik amnst
kosioHok D1 i D2 BignosigHo. OTpuMaHi HaMu
OIIIHKK JIOBOJII J00pe TOTrO/DKYIOThCA 3
pesyibpTaTaMu iHmUX gocmigaukie [8-10] mst
IHIMMNX BOJHUX OO0’€KTiB, 1 Hagami MOXYTb
OyTH BHKOPHCTaHI JiJIsl IPUOIM3HOTO JaTyBaH-
HS 4acy aHOMAJii, SKi BUSBISIOTHCS Y BEpTH-
KallbHUX TpOQUIAX KOHIEHTpAIii pamioHy-
KITiZIB TPUPOTHOTO TOXOPKEHHS IO TIUOWHI
KOJIOHOK.

Tpeba TakoX BIAMITHTH OCOOJIUBICTH
PO3MONITYy MaKCUMallbHUX 3HA4Y€Hb KOHIICHT-
pariiii ne3ir0-137, sxi sk aas 1986 poky, Tak i
it 1962 poxky B cepelHill YacTHWHI JTUMaHy
(D1) Oymu maibke B 3 pasu BIlIMMH, HIK Y
HIDKHINA yacTuHi umany (D2), 110, 3a HaIo0
JYMKOIO, MOK€ OYTH ITOSICHEHO THM, IO OijIst
c. KoBamiBka OCHOBHMH BHECOK JI0 BMICTY
nesiro-137 B JOHHUX BHUKIIAJACHHAX J[1aBaB
TIOBEPXHEBHH 1 PIUKOBHUI CTiK 3 pivOK i Oanok
Oaceiiny KysnpHMIBKOrO JMMaHy, B TOH 4Yac
SK B HIDKHIA YaCTHHI JIMMaHy MOTJIM TepeBa-
JKaTH Ol10TeHHI MpoIeci 0CaIKOHAKOITNYCHHSI.

AHami3  BEPTUKAIBHOTO  PO3MOILTY
KOHLEHTpAIll  PagioHyKJIioy  HPHUPOAHOTO
nmoxomKeHHs Kaniro-40 Ha ctanmii D1 (puc. 3)
MOKa3aB, 10 BOHHM 3MIHIOBAIHMCh B MEXaX BiJ

44

120,9 br/kr (0-1 cm) mo 580 Br/kr (19-22 cm)
NpU cepeiHbOoMyY 3HadYeHHi 254+61 Br/kr (0-58
cM). AOCOTMIOTHHH MaKCHMyM KOHIIEHTpaIii
kaniro-40 (580 Bk/kr) cmocrepiraBcs B miapi
KOJIOHKH 19-22 cMm, 110 MOXKe BiIIOBIIATH Yacy
ix ¢popmyBanns Bix 105 1o 122 pp. Tomy (TodTO
B nepio 1894 - 1911 pp.), K10 NPUHHATH 1O
3a BCI€I0 JOBXXHMHOIO KOJIOHKH 1HTEHCHBHICTD
ocafkoHakomnyeHHs Oyma 1,8  MM/piK,
3HAUEHHS SIKOi Ky MU OLIHWIM 3a mpodijzem
nesito-137 s mepiogy 1962-2016 pp.

Ile KiJbKa HEBEITMYKHX IMKIB
KOHIIEHTpaIi Oynn 3adikcoBaHi B mapax 3-4
cM, 34-37 cm 1 43-46 cM, 1o, BIPOTiAHO,
BiJINIOBiZIa€ 9acoBi OPMyBaHHS IIAPIB JOHHUX
BimkianeHp 17-22 pp. tomy (1994-1999 pp.),
188 — 205 pp. Tomy (1811 — 1828 pp.) i 239 —
255 pp. Tomy (1761-1777 pp.) BimHOBITHO.
MinimanbHi 3HaYeHHST KOHIIeHTpartiit: 125, 175,
211 ta 240 Bx/kr croctepiranuich Ha TTUOMHAX
0-2, 5-8, 31-34 ta 48-51 cm, To6TO Y 1991-2016
pp- (0-25 pp. Tomy), 1972-1988 pp. (28-44 pp.
tomy), 1828-1844 pp. (172-188 pp. Tomy) i B
1733-1749 pp. (267-283 pp. TOMy) BiIIOBITHO.

AHami3  BEPTUKAIBHOTO  PO3MOALTY
KOHIIGHTpAlii  PamioOHYKIiLy  MPUPOTHOTO
MOXO/KeHHS Kajito-40 Ha cranmii D2 (puc. 3)
M0Ka3aB, [0 BOHH OYJIM 3HAYHO HIKYUMH HIXK
y CepeHii YacTHHI IMMaHy Ta 3MiHIOBAIIUCH B
Mexax Big 65 (0-1 cm) mo 329 Br/kr (52-55
CM) TpU cepenHboMy 3HadeHHi 164,2+53,9
bx/kr. MakcuMyMu KOHIIEHTpAIliii CrocTepi-
rajmch Ha mmbuHax 5-6, 13-16, 22-25 cm, 1110,
BUKOPUCTOBYIOUM HAIIy OIIHKY iHTEHCHBHOCTI
OCaJKOHAKOIMUYEHHS 1O me3it0-137, mae Ham
MOJIMBICTh JaTyBaTH iX BUHHWKHeHHs 31-38,
81-100 ta 137-156 pp. Tomy, ToOTO B TEepionn
1978-1985, 1916-1935 Ta 1860-1879 pokiB
BianoBigHo. Ilpy npoMy cmig BiAMITUTH, IO
aHOMaJIbHE 3POCTaHHA KOHLEHTpalii Kalito-
40 nmo 3navenb 290-340 Bx/kr cnocrepiranock
Ha muOnHax Big 46 1o 55 cm, 110 BiAgmoBigae
yacy BHHMKHEHHS IIbOTO IApy — MPHOJIN3HO
270-280 pp. Tomy, TodTO M0 1730 — 1746 pp.,
TOOTO BpaxoByroui ToW ¢akTt, mo kamii-40 €
IHMIKaTOPOM JIITOTEHHUX Tpo1ieciB [9], moHH1
BiJIKJIaJJ€HHSI HIKHBOT YaCTUHH
Kysnpaunpkoro aumany jgo 1730-1746 poky
chopMyBalUCh 32 PaXyHOK HaJIXOMKCHHS
[JIMHUCTOI peyoBMHM 3 OeperiB, B sKii
3BHYANHO CIOCTEPITraloThCs  IMiABUIICHHI
KOHIIEHTpaIii kamiro [9].

MiHimManbHi  KOHUEHTpauiid kamniro-40 3i
3HaueHHsIMu  65-88, 175, 149 1 101 Bx/kr
criocrepiranmch Ha rimuburax 0-2,0 cm (0-12 pp.
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Puc. 3 — BepTuxamsHuiA po3moaisl KOHIICHTpaii kamito-40 B KOJIOHKaxX JOHHUX BiakmaaeHs D1 (a) ta D2 (0),
BimiOpanux B KysmpHuIBKOMY TUMaHi B BepecHi 2016 poky

Tomy, To6T0 B 2004-2016 pp.) , 6-8 c™m (37 — 50
pp. Tomy, To6T0 B 1966-1979 pp.), 19-22 cm
(119- 137 pp. Tomy, To6TO B 1879-1897 pP., 28-
31 eMm (175 - 193 pp. Tomy, ToOTO B 1823-1840
pp.) MoXHa MPUIYCTHTH, IO CaMe€ B BHIIIEHA-
BEJICHI TEPIOd CHOCTEPIraioch 3MEHIIICHHS
IHTEHCHUBHOCTI JIITOTEHHHMX TMpolieciB. JleTaib-
HAH aHami3 1 OUTbII OO0 €KTHBHY iCTOPUYHY
PEKOHCTPYKIIIO TMOXOJDKECHHS JIOHHHUX BiJIKJIA-
JICHb 3 YpaxXyBaHHSM JIITOTEHHUX MPOIIECIB, sIKi
MOXHa Oyle TNpuB’s3aTd 10 ICTOPUYHUX 1
NPUPOJHKUX TOMAI  MHHYJIOrO, JOUUIBHO B
MaiOyTHHOMY 3IHCHHUTH T Yac TPOBEICHHS
JIOJATKOBUX ~MIHEPAJIOTIYHNX JIOCHI/DKEHb B
KOJIOHKaX, 110 OyAyTh BiniOpaHi B IUX paiioHax

JMMaHy.
Amnaniz BEPTUKAILHOIO  PO3MOIITY
KOHIEHTpAallid  pagioHyKIiIy  NPHUPOJHOIO

TIOXODKEHHsI pajiiro-226 Ha craHmii D1 (puc. 4)
[TOKAa3aB, [0 BOHH 3MIHIOBAINMChL B MEXKax Bil
12,8 (0-1 cm) mo 29,3 Br/kr (16-19 cm) mpu
cepeaHpOMY 3HaueHHi 21,2427 Bi/kr.
MakcuMyMH KOHIIGHTpaIlii pajiro-226 3i
3HadeHHsmu 25,4, 255 1 21,6 Bbx/kr cmocre-
pirajuch Takok Ha rimouHax 3,0-4,0 e, 8,0-9,0
cM Ta 43-46 cM BIATIOBIAHO, TaTyBaHHS SKHUX 3a
ne3iemM-137 mokasaiio, mo I ITTMOMHHU BIAIOBI-
JmaroTh  mepiogam  1993-1999, 1966-1972 Ta
1760-1778 pp. BignosigHo. MiHIMaIBHI 3HAUCH-
Hsl KOHIIEHTpAIliil pazito-226 croctepirajanch Ha
rmbunax 0-1 cM, 5-6 cm, 9-10 cM Ta 37-40 cwm,
mo Bignorizamo mepiogam 2010 p., 1983-1988

45

pp., 1960-1966 pp. Tta 1793-1810 pp.
BIIIIOBIIHO.

Amnaniz BEPTUKAJIBHOTO  PO3MOALTY
KOHIIGHTpaIliii  pamiro-226 Ha cranmii D2

ITOKA3aB, 1[0 BOHM 3MIiHIOBAJINCEH B IOIIOHMX 10
cranmii D1 mexax - Big 10,4 bx/kr (6-7 cMm) 10
29,6 Br/kr (2-3 cM) mpu cepeJHLOMY 3HAuYCHHI
20,8+3,5 BK/kr, 10 NPaKTUYHO CITIBIAAAI0 3
CepeIHIM  3HAYCHHSM  KOHIIGHTpAIik  JuIst
kojioHku cranmii D1 (21,2+£2,7 bx/kr). Take
CHIBIAIIHHSA CEPENHIX KOHIICHTpAIlii He OyJio
3a(hikcoBaHO OIMBII Hi JUIT OJHOTO 3 IHIINX
PalioOHYKJIIIB, MO0 MOXKE CBIMYHATH TPO Te, IO
ICHY€ OJIHAKOBE JPKEPENO HAJXOIDKCHHS pPaJlifo-
226 B [OHHI BiIKJIANIEHHS pPI3HUX YacTHH
mumany. el ¢akt motpeOye cBoro monar-
KOBOTI'O JIOCITIKEHHS.

MakcuMyMH KOHLIEHTpauiil paniro-226 3i
3HaueHHsMu 29,6, 25,0 1 28,5 Br/kr, cmocrte-
pirayiuch Ha rmbuHax 2-4, 16-19 ta 34-37 cm
BIJMOBIIHO, JAaTyBaHHS sKUX 3a Ie3iemM-137
[I0KAa3aJIo, 1110 IIi TJIMOMHH BiJITIOBIIAIOTH HEpio-
mam 1966-1991, 1897- 1916 ta 1780-1803 pp.
BiAmoBimHO. MiHIMAIBHI 3HAYEHHS KOHIIEHT-
pariii pamito-226 crocTepirauch Ha TITHOMHAX
0-1, 6-7, 22-25 ta 37-40 cMm, 10 Ja€ HaTyBaHHS
mapis 2010 p., 1972- 1978 pp., 1860-1878 pp.
Ta 1766-1785 pp. BiAMOBiAHO.

AHani3 BEpPTHKAILHOTO PO3IOALTY KOH-
LeHTpauii Topito-232 nHa cranuii D1 (puc. 5)
IMOKA3aB, 1110 BOHU 3MIHIOBAJIUChH B MEXKaX - BiJl
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Puc. 4 - BeprukanpHuii po3monin KOHICHTpaIii pajiro-226 B KOJIOHKaX MOHHUX Bigkmanenb D1 (a) Ta D2 (6),
BimiOpanux B KysmpHuIIBKOMY TUMaHi B BepecHi 2016 poky

18,6 br/kr (8-9 cm) mo 34,5 br/xr (19-22 cm)
TIPU CepeTHhOMY 3Ha4eHHi 26,3433 Br/kr.
MaxkcuMyMH KOHIIEHTpalliid Topiro-232 3i
sgayeHdsamu 30,2, 34,5 32,5 1 27,7 Br/kr
CHOCTepIrayiMch Ha riubuHax 4-5, 7-8, 19-22 Ta
43-46 cm, paryBaHHS SIKMX 3a 1e3iem-137
BiAmoBigano mepiogam 1985-1994, 1966-1977,
1894-1910 Ta 1761- 1777 pp. BiANOBiAHO.
MiHiMaJTbHI 3HAYECHHS KOHIICHTpAIli Topito-232
crioctepiranach Ha rmmbunax 1-2, 5-6, 8-9 ta 37-
40 cmM, 1o BiamoBigaso nepiogam 2005-2010 pp.,
1983-1988 pp., 1966-1971 pp. Ta 1793-1810 pp.
Amnani3z BEPTUKAIHHOTO PO3IOLTY
KOHIIGHTpAIlii Topito-232 Ha cranmii D2 (puc. 5)
MOKa3aB, M0 BOHU 3MIiHIOBAJMCH B MEXax Bl
14,6 br/kr (19-22 cm) mo 24,7 br/kr (3-4 cm)
Opu  cepenHbOMy 3HaueHHI 19,2426 Br/kr.
MakcuMyMH — KOHLEHTpalid  Topito-232  3i
3HaueHHsmMu  24.7, 23,6, 22,2 1 23.8 Bx/kr
CHoCTepirainch Ha raubuHax 4-5, 16-19, 22-25
ta 34-37 CcM BIAMOBIAHO, JATyBaHHS SIKHX 34
nesiem-137 ignosimano mepiomam 1991-2000,
1897-1916, 1860-1878 Ta 1785-1804 pp.
MiHiMaJIbHI ~ 3HAYEHHS  KOHIICHTpALliK
crioctepiraniach Ha rmoOuHax 0-1, 4-7, 19-22,
25-31 ta 37-40 cm, 110 BIANOBIZAIO IEpiojamM
2010-2016 pp., 1973-1991 pp., 1878-1897 pp.,
1822- 1860 ta 1756-1785 pp.
Bucoka MIiHIHBICTh BEPTUKAILHOTO PO3-
MOJUTY KOHIIGHTpAIii TPUPOMHUX PpaTioHY-
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KIOiB B JOHHUX BIOKIAOEHHAX Ta I1HOMOL
CHHXPOHHI 3MiHHM iX KOHIIEHTpAIlili 3MYCHIIN HAC
MIEPEBIPUTH  KOPEJIAIIMHI  B3a€MO3B’SI3KH  MIXK
HUMH. AHami3 Koe(illieHTIB MapHOi KOpeIsIiii
MDK psfaMy  KOHIIGHTpamiii  paioHyKIIiIiB
Kasito-40, pamiro-226 ta Topiro-232 (Tadm. 1-2)
[0Ka3aB, M0 KOPEISIiiHI B3a€EMO3B’I3KH MiXK
HUMH B Pi3HUX 4YaCTHHAX JIMMaHy CYTTEBO
BIJIPI3HSIOTBCS.

B cepenniii yacTuHi NMMaHy (KOJIOHKA
D1) TicHi [momaTHi  KOpENSAIHHI  3B’SI3KH
criocTepiramek s Kaniro-40 3 paxioHyKITiiaMu
paniem-226 (1=0,48) Ta Topiem-232 (1=0,67), mo
MOXE€ CBIIYMTH TIPO €IHICTH JHKEpesl HAIXOM-
JKEHb OUIBILIOI YaCTUHM LMX PamioHyKIidiB. s
nes3iro-137 OyB 3apeecTpoBaHWN €IWHUH, aje
BiJl’€EMHUIA KOpEJSIiiHUN 3B’s130K 3 Kaniem-40
(r=-0,53), 1m0 Moxke OyTH pe3yJIbTaTOM TOro, IO
OCHOBHA Maca 11e3i10-137 motpanmia 10 JTUMaHy
B pe3yibTaTi BUMAMIHb 3 armocdepu, a He
JMTOTEHHUX TIPOLECiB, IHJAWKATOPOM IHTEH-
CHBHOCTI sKHX, SK BigomMo [9], e xamiii-40.
3Beprac Ha cebe yBary TICHUIM KOpEJSIiHHUN
3B’S30K MDK KOHLEHTpalisiMd TOpiro-232 i
paniro-226 (r=0,55), a Takox icHyrodi Bix’eMHi
KOPEJLSIIIAHI  B3a€EMO3B’SI3KM  MDK ~ KOHIICHT-
pamissMd  IMX ~ PamiOHYKIITIB Ta MIUTGHICTIO
noHHMX BigknaneHb (r=-0,40 - mis topiro-232,
r=-0,45 — s paziro-226). 3pocTaHHs KOHIEPH-
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Puc. 5 - BeprukansHuA po3MoIis KOHIICHTpaLiil Topiro-232 B KOJIOHKAaX HOHHUX BigkianeHp D1 (a) ta D2 (0),
BimiOpanux B KysmpHuIBKOMY TMaHi B BepecHi 2016 poky

Tadauus 1
Kopensuiiini B3aeM03B’SI3KH Mi’k KOHIIeHTpaLisiM pajioHyK1ifiB B koJoHIi D1
Ra-226 Th-232 K-40 linbHicTH
Cs-137 0,04 -0,24 -0,53** -0,10
Ra-226 0,55** 0,48** -0,45*
Th-232 0,67** -0,40*
K-40 -0,15
PiBHi 3HaunMocCTI KoediuieHTiB Kopemsuii: * - 0,37 npu p=0,005, ** 0,48 npu p=0,01
Taoauus 2
Kopeasuiiini B3a€M03B’SI3KH Mizk KOHIeHTpaLisiMu pagioHyKJIigiB B kosoHui D2
Ra-226 Th-232 K-40 linbHicTH
Cs-137 0,26 0,06 -0,36 0,58**
Ra-226 0,63** 0,23 -0,26
Th-232 0,31 -0,35
K-40 -0,48*

PiBHi 3HaunMocCTI KoediuieHTiB kopensuii: * - 0,38 mpu p=0,005, ** 0,49 npu p=0,01

TpaIliii CIOCTEPITAEThCS 3 TOHIKSHHSAM IIiTh-
HOCTI BIJIKJIaJICHb, 110 MOXE OyTH JIMIIE y pasi
TiIBHIIIEHHS] BMICTY BOJIH 1 PO3UMHEHUX COJIEH B
HUX. TOOTO Il B3a€MO3B’S3KH OIOCEPEIKOBAHO
MOXYTh CBUTYUTH TIPO T€, IO 3HAYHA YacTHHA
pamiro-226 i Topiro-232 MOKe MOTPaIUIATH B
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JIOHHI BIJKIAJACHHS Yy BHIJISII PO3YMHEHUX
COJICH.

B HmxHIl yacTuHi 1uMaHy (KonoHka D2)
KUTBKICTh  KOPEJSIIMHUX 3HAYHMMUX B33a€EMO-
3B’sI3KiIB CYyTTEBO 3MCHIIYEThCS. 3HAYMMI
KOPEJISIIIHHI 3B’SI3KH CITOCTEPITATINCh JTAITIE MiX
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KOHIICHTpAIliIMU  pafiro-226 Ta TOpito-232
(r=0,63), 1m0 maTBEpIKYE HAIIe MPUITYIICHHS
PO €JIMHE JPKEPEIIO TX HaJXOJKCHHS B JINMaH,
HE3aJIGKHO  BiJi  palioHy  CIIOCTEPEKCHB.
BigcyTHICTh IHIIMX B3a€MO3B’S3KIB MK KOH-
HMEHTPAIiIMI  PATiOHYKIIIIB MOXXE CBITYATH
mpo Te, IO MPOIECH HAIXO/HKCHHS 1HIIUX
PaJiOHYKIIIIB 70 JOHHUX BIJIKIQJCHb B
HDKHI YacTWHI JIMMaHy CYTTE€BO BiApi3HA-
I0TBCSL BiJl CEPeIHBbOI YacTUHM JuMany. Came
Mpo 1€ CBIAYUTH 1 HASABHICTH MMO3UTHBHOI
KOpEJIAIil MK IMUTBHICTIO 1 KOHIICHTPAIIi€l0

nesiro-137 (r = 0,58) ta Bim’emHOI Kopensii
IITBHOCTI 3 KOHIEHTpariero kamiro-40 (r = -
0,48), mo Moxke OyTH BHUKIMKAaHO MEPEHOCOM
Outbln  3a0pyAaHeHUX 1e3ieM-137  moHHHMX
BIIKJIQJIEHb 3 MIBHIYHOI YaCTHHHU JHMaHy Ta
BIpOTiTHIM 3HAYUMHUM BIUIMBOM CYyOaKBaib-
HOTO TIOTOKY MiJ3eMHHMX BOJ B HWXKHIH
YaCTHHI JTUMaHy, SIKi MAalOTh IiJBHILIEHI KOH-
LEHTpallii Kamifo. Alle OCTaHHE MPUITYIICHHS
IUIAHYEThCS ~ MEPEBIPUTH B TOJANIBIIUX
IOCHIDKEHHSX.

Bucnoexu

3a aHamizoM pPO3MOJiTY KOHILEHTpALii
PamioOHYKIIZIB MO TIMOMHI KOJNOHOK JOHHHX
BiIKJIaJIeHh HaMU Briepie Uit KysmbHUIBEKOTO
JIMMaHy PENPe3eHTaTUBHO TMPOBEACHO OIHKY
IHTEHCUBHOCTEH OCafKOHAKOMM4YeHHs y 1962-
1986-2016 pp. B HwkHIK 1 cepemHiii Horo
YacTHUHAX, SKi moka3an, mo B 1986 — 2016 pp.
cepeHi MIBHAKOCTI 0CaIKOHAKOIMMYECHHS
coragam 0,8+0,1 mm/pik Ta 1,8+0,2 Mm/pik
BiamoBinHO, y 1962-1986 pp. iHTEHCHBHICTBH
0Ca/IKOHAKOIIMYEHHSI B 000X YacTHHAX JIUMaHy
OyJia IPaKTHYHO OJHAKOBOIO 1 ckianana 1,9+0,2
MM/pIK, a 3a Bech niepion 1962-2016 pp. cepenni
3HQUCHHS JUIA HIKHBOI 1 CepelHbOI YaCTHH
quMany cknagam 1,6+0,1 mm/pik ta 1,84+0,2
MM/pIK BifITIOBITHO.

OTprMaHi HAMH OIIIHKY TEMITiB OCaIKOHA-
KOIUYEHHS JTAJIA 3MOTY 3IMCHUTH 1HIUKATUBHE
JIATyBaHHS aHOMAJTIN B PO3IIOJILTI KOHIIEHTPAITIH
PaTiOHYKITIIIB TIPHPOIHOTO MOXOKEHHS KalIito-
40, paniro-226 Ta Topito-232.

BuBueHHST ~ BEpTUKAIBHHX  TPOQLIiB
KOHIISHTpAIli TIPUPOTHUX PATiOHYKIITIB Ta iX
B3a€EMO3B’SA3KIB  IOKA3aJI0, 10 BOHM XapakKTep-
PHM3YIOTBCS 3HAYHO MIHJIMBICTIO 110 TJIMOMHI Ta

HasIBHICTh HEBUBYCHMX JIITOTEHHUX 1 OIOr€HHUX
MIPOIIECiB, SIKI BIUIMBAIM B MHHYJIOMY Ha
IHTEHCHBHICTh 1X HaIXOPKEHHS B OKpeMi IIapu
JNOHHHMX Bimknazenb. CaMe TOMy, Ha HAIIy
JYMKY, JJIs1 OUTBII TOYHOTO JATyBaHHS JOHHUX
BIJIKJIAJICHb, SKi HAKOMMYYBAJIUCH paimie 1962
POKY, HEOOXiTHO TPOBECTH JOAATKOBI MiHepa-
JIOTIYHI JIOCTIDKEHHS Ta ICTOPHYHMN aHai3
MIPUPOTHUX aHOMAJTIH, SIK1 BiIOYBAJIMCh B paioHi
KysibHULIBKOTO TIMMaHy B MUHYJIOMY.

Kpim Toro, ampoGoBana namu B Kysib-
HHIBPKOMY JIUMaHi METOAMKA JaTyBaHHs IApiB
JIOHHUX BIJIKIIaJIeHb 3a 1ie3ieM-137 Moxe OyTH
PCKOMEH/IOBaHA JUIS  OIIHKKA  1HTCHCHUBHOCTI
0CaIKOHAKOITMYEHHS IHIIHUX 130JIbOBAHUX
Bopoimuy [IpuuopHOMOp L.

ABTOpH BHUCIIOBIIOIOTH CBOIO  TOJSKY

CHiBpOOITHUKAM PerionansHOTO HEHTPY
IHTErpOBAaHOIO MOHITOPUHTY 1 EKOJOTIYHHX
JIOCITiKEHb Onecpkoro HAI[IOHAJEHOTO

yuiBepcuretry iMeHi LI. MeunukoBa Ta TOB
«UenTp exonoriaHoi 6e3neKm», SKi JOTIOMOTIIA Y
NPOBE/ICHHI BiZI0OPIB Ta IPOBEICHHI ramMma-
CIIEKTPOMETPUYHHMX AaHAII3IB 3pa3KiB JJIOHHHUX

HasBHICTIO aHOMaJii, IO CBiI4aTh TPO BIJIK/Ia/I€Hb.
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