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Investigation of Cs-137 Chornobyl fallout in regions
nearby 30-km zone of Chornobyl NPP

Ilenv pabomwr: Ilonyuuts nauubsie 00 3ddexkTUBHOM mepuoae
nonynorepe T, 134Cs, ¥Cs nmo ymeHbuIeHHIO KOoHuIeHTpauun '*’Cs
4EepPHOOBUIBCKOTO  HPOHCXOXKACHUSA.

Mamepuanst u memoodwr: JIna uccinegoBanuil B UepHUTroBCKOH
obnacTu ObUIM BBHIOpPaHBl PErMOHBI, TJi¢ BKJAA OT II00albHBIX BbINA-
neununit *’Cs cocrasusan He 6onee 10% ot monHo#l axTuBHOCTH '**Cs,
137Cs. CoorHoumeHue 4epHOOBbUIbCKUX akTuBHOCTeH '*Cs u ''Cs
ONpenesiocs W3 H3MepeHuii npobd mousbl n3 30-KMIOMETPOBOIL
306l YADC. H3MmepeHHss NPOBOIMIHCH OZHOBPEMEHHO C OTOOpPOM
npod MoJIOKa.

s u3Mmepenuit aktuBHOCTH '*7Cs OTOMPAIUCh MOJIOYHBIE MPO-
ObI, mpom3BeAEHHBIC B Xxo3siicTBax UYepHHToBCKO# o6nactu, Tae
wioTHOCTh 3arps3Henus '*’Cs xousebanacs ot 37 no 370 kBx/m?
(3nauenune 90% kBanTmiIs okono 150 kBbx/m?). U3mepeHus mposo-
JIUIIACh €XEroJHO B OJJHO M TO K€ BPEMs JICTHE-OCEHHETo Mepuoja.
KonuuectBo npo6 konebansocy or 40 no 60 oOpa3uoB ans Kaxaoro
xo3sicTBa.

B mepBsie TOABI MIOCIIE aBapUM HAOJIOAINCh OOJNBLINE yACTbHbIC
aktuHocT 'Y’Cs Ha ecrecTBeHHOM (oHe oT y-kBaHTOB *°K M mouep-
HHUX NMPOJYKTOB pajnOakTHBHOro pacmajga ***Th, m03TOMy OCHOBHBIC
HCCIIeIOBaHUS MPOBOJUINCH C NMpUMeHeHueM paauomerpos HII-100
n KPK. Tounocts Takux wu3MepeHuil cocraBmsia 30-40%. B
[OCJIEAHHE TOABI COOTHOIICHHE aKTUBHOCTH '“7CS M ecTeCTBEHHBIX
PaAMOHYKINAOB CYLUIECTBCHHO H3MEHHIIOCH, II09TOMY H3MEPEHUS
npoBogunuch ¢ nomombio Ge-, Ge(Li)-cnekrpomeTpoB 06BEeMOM
100-240 cm? ¢ suepretudeckum paspenieruem 1,6—-1,8 kaB ua y-mu-
HUu 662 k3B, pa3MenieHHBIX B 3alIHTEe M3 HU3KO()OHOBOTO YyryHa.
Orto mo3Bonuio usbaBurhes ot BuusHUA ‘K. ToYHOCTH M3MepeHUit
6buta Menbiie 10%. Jauusie o *°Sr ompenenensl ¢ To4HOCTHIO 30%.

Pesynomamer: YyienbHble AaKTHBHOCTH H A(QQPEKTHBHBIN HEpH-
on noxnynorepe ’Cs (T,,), mosyueHHble U3 aHANN3a Y-CHEKTPOMET-
pUYECKHUX M paguoMeTrpuueckux aaHHbIX (1991-1996 rr.), xoporo
cornacyroTcs. YaenbHas aktuBHOcTh P’Cs mensercs ot 580 mo 720
IHEH (T3¢:640:l:70 IHEi), YTO MEHbIIE COOTBETCTBYIOLICH BEIHU-
YMHBI, MOJYYEHHOW TpH aHalM3e TJ00albHBIX  BbINAJEHUMH
(T3¢:4,5 roja).

Buieoowr: IlonydeHHoe st riao0GaibHBIX H YEPHOOBIIBCKHX BbI-
nageHuit pacxoxaenue B T, BeposTHee BCero, 0OYCIOBIEHO TeM,
4TO [OCJIe MpeKpalleHus sACpHBIX ucneiTanuii B atmocdhepe CCCP
n CHIA B 1964 r. 6ospmoe koaudectBo *’Cs, monasimiee B BEpXHHE
cion atMocdepbl, BhHINAZACT ABYMs XapaKTePHBIMH MEPUOJAMH,
00yCIIOBJIIEHHBIMHE JBHXKEHHEM aTMOC(EpPHBIX Macc: MaibIM H 00Jb-
mumM (o necsartu yer). [Ipu aBapun Ha HADC oCHOBHBIE PaJIMOAKTHUB-
HBIE OCaJKH BBHIAJM B TCUEHHE IIEPBBIX ABYX MECSALEB [OCIE Hee.
IMostomy k koHmy 1986 r. mpsmoe 3arpsi3HEHHE CEJIbCKOXO03si-
CTBEHHBIX YTOAMN B HMCCIECAYyeMbBIX PErHOHAX pajMOLE3UeM IpeKpa-
THJIOCh, W K Hayany usMmepeHuid (jero 1987 r.) moBexeHue pajauo-
[e3Usl B OKpYXXammiei cpeJe M NPOAYKTax IMHTAHUS U MOJIOKE Olpe-
JICNIANIOCh O0CaJKaMH HEPBBIX JBYX MECSAILEB IOCIE aBapHH.

Knwwuesvie cnosa: monoko, ynenbHas akTHBHOCTH mo 'Y’Cs, 3¢-
(exTuBHbIi mepnox momaynoteps E . KoitekTHBHBIE 103bI 00myve-
HUS HAaceJICHHS.

Objective: To obtain the data about effective period of half-loss
T, Cs 134, 137 according to the decrease in Cs-137 concentration.

Material and Methods: The study was done in the districts of
Chernigiv Region where the portion of global Cs-137 fallout did not
exceed 10% of total Cs-134, 137 activity. The interrelation of
Chornobyl activities of Cs-134 and Cs-137 was determined in soil
samples from the 30-km zone of Chornobyl Nuclear Power Plant.
The measurement was performed simultaneously with taking milk
samples.

To study Cs-137 activity, samples of the milk produced in
Chernigiv Region where contamination density ranged from 37 to
370 kBq/m? (90% quantil equaled 150 kBq/m?) were taken. The
measurement was done every year at the same time in spring and
autumn. The number of samples ranged from 40 to 60 for each
farm.

During the first years after the accident, large specific acti-
vities of Cs-137 were observed against a natural background of K-
40 y-quanta and daughter products of radioactive decay of Th-232,
therefore main investigation was performed using JII-100 and
KPK radiometers. The accuracy of the measurement was 30-40%.
The ratio of Cs-137 and natural radionuclides has changed con-
siderably in the recent years, therefore the measurement was done
with Ge and Ge (Li) spectrometer (100-200 cm?®) with energy reso-
lution 1.6-1.8 keV on y-line 662 keV located in the protection from
a low-background iron. It allowed to exclude the influence of K-40.
The accuracy of the measurement was <10%. The data about Sr-
90 were determined with 30% accuracy.

Results: Specific activity and effective period of half-loss of Cs-
137 (T_,) obtained from the analysis of y-spectrometry and radio-
metry findings (1991-1996) were in good accordance.

Specific activity of Cs-137 in milk has been decreasing gradually
from 1987, while effective period of half-loss of Cs-137 has been
changing from 580 to 720 days (T _,=640+70 days), which is less
than the respective value obtained at analysis of global fallout
(T,=4.5 years).

Conclusion: The obtained disagreement in T . for the global and
Chornobyl fallout can be due to the fact that after stopping nuclear
tests in the atmosphere in the USSR and the USA in 1964, a large
amount of Cs-137 in the upper layers of the atmosphere falls out
with two characteristic times due to the movement of the atmos-
pheric masses: small and large (up to 10 years). In case of the
accident at CNPP, main radioactive fallout was observed during
the first two months after the accident. Therefore, by the and of
1986, direct contamination of farms with radioactive cesium had
stopped and by the beginning of the measurement (summer of
1987), the action of cesium in the environment and foodstuff and
milk was determined by the precipitation during the first two
months after the accident.

Key words: milk, specific activity of Cs-137, effective period
of half loss T, collective doses of population exposure.

Momoko 1 MOJIOWHI TPOAYKTH — BaXXJIHUBI
CKJaJ0B1 XapyyBaHHsS B YKpaiHl ¥ I1HIIHX
kpainax CH/J[. IlpuiinaTto BBaxkaTu, 1O 10

80% KONEeKTUBHOI 03U BiJ BHYTPILIHBOTO
OTNPOMIHEHHS, OTPHUMAaHOI HAaCEIEHHSM, 3Yy-
moBiieHi came *Cs [1]. ToMmy nayxe BaXjau-
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BUM € ojepxaHHsA iHQopmamii mpo NUIAXH
HaJXOJ/DKEHHS y MOJOKO PaJioOHYKIiAiB (oma-
nu, 3a0pyaHEHHS TPYHTY Ta iH.), a TaKOX
NPOTHO3YBAaHHS pIiBHIB 3a0pyAHEHHS MOJIO-
ka 3 yacom [1-3]. KpiMm mporo, maHuii mokas-
HUK BUABISETHCSA BiApa3y 3K MICIs paaioak-
TUBHOTO  3a0pyJaHEHHS  CLILCBKOTOCIOMAp-
CbKHUX YTilb, TOMY MOJXE€ CIYXHTH paHHIM
iHIuKaTopoM #oro i1 3a0pyaHeHHs OaraTbox
IHIIUX TPOAYKTIB TBAPUHHOTO MOXOJKEHHS.

JlocmipkeHHS AWHAMIKH 3HW)KEHHS KOH-
nentpanii *’Cs y Mool Mae 3Ha4HI mepeBa-
Td, TOMY IO BHUMIPIOBAaHHS BMICTY y HBOMY
MaHOTO HYKIifa 3a0e3medye OJEpXKaHHSA ce-
penHboi nudpu s BEITUKOI IOl MAaCOBHII
npu a06opi npob 3 BeTUKUX 00 €MiIB CHPOBHU-
Hu. lle 3HauHO mMocnabmoe (pakTop HEPIBHO-
MIPHOCT1 pPO3MOAILNY BHIAaJaHb 3a aKTHBHI-
crio. Tak, s BUPOOHHIITBA OJHOTO JITpa
MoOJIOKa TOTpiOHO He MeHme 50 M? IHTEHCHB-
HO un 100-200 M? €KCTEHCHBHO KYJIbTHBOBA-
HUX macoBuml [4].

Skmo wMonouyHa mpoba B3ATAa 3 THUIOBOTO
onHoaeHHoro 360opy Bigx 100-200 kopis, 3a-
0e3MeuyeThCs yCEepeAHEHHSI 3a aKTHBHICTIO 3
mnomi 6nu3pko 10-20 ra, mo ayke BaXIu-
BO, 00 Mpu BUMIPIOBAaHHAX HIIJIBHOCTI MOBEPX-
HEBOrO 3a0pyJHEHHS B PO3TIASHYTHX TOCIO-
napctBax 3 iHTepBasioM 500 M KOHIEHTpaIis
aktuBHocTi 3a "*’Cs 3miHoBamacs Bim 7 1o
400 xbx/m? [5].

BaxnuBoro 0COOIUBICTIO JaHUX JOCII-
JOKeHb € Te, W0 ocliableHHs KOHIEHTpamii
37Cs Big omaniB y HaBKOJHUIIHBOMY CeEpeao-
BUIII TiCJIsT BUNPOOYBaHb sinepHOi 30poi U y
pesynprati aBapii Ha YAEC npunHmumoro
Biapi3HsieThCca. [loBHa  KIABKICTH  OMajiB
37Cs micnst BubOyxiB smepHoi 30poi Oyna Ha
IBa TMOpSAAKH Oinpmor, HiX micas YopHo-
ounbcekoi aBapii [6]. Pesynbratn npamux
JIOCIiKeHb TepMiHOBOi moBeainku '**Cs,
B37Cs y HaBKOJHIIHBOMY CEpPEeIOBHINI W mpo-
IyKTaX XapuyBaHHs MpH SAECPHUX BHOyXax
He Oynau OJHO3HAYHUMH Yepe3 TPHUBAIICTh
omajiB, MmO 3 PI3HOK IHTEHCHBHICTIO MPO-
JNOBXYyBaluCs Kilbka pokiB. Hapite micng
3a00pOHM Ta 3aKiHUCHHS TaKUX EKCIEpH-
MEHTIB ONajud HE TNPUNUHUIUCA, 00 3HAYHY
KUIBKICTh Pajione3ito 6yﬂo MEPEHECEHO Yy
BerHl mapu atrmMocdepu 1 3rogom BiH, MO-
BIIBHO OCiJlal04u, JO0JaBaBCs 10 pPaHHIX BU-
nagadb. [lpu mpomoBkeHHI BUNPOOOBYBAHB
saepHoi 30poi KuTaem, He3Bakarouum Ha ic-
TOTHO MEHIIMH BHECOK, OTAaJH BiJl HUX 3HAad-

HO BILUIMBAajId Ha BeJIWYMHY akTuBHOCTI *’Cs
y HABKOJHMIIHbOMY CEpEeJOBHINI 1 MPOAYKTaxX
Xap4yBaHHS.

Ile 3yMOBJIEHO THUM, IO y CepeHLOMY BiI-
HOCHI Koe(bluleHTH NpOMOPIIHHOCTI,  SKi
MOB’A3YIOTh IMIJBHOCTI 3a0pyJHEHHS CHCTe-
MH «IPYHT—POCIHHA», 3HAXOIATHCSA y Me-
xax 102, Byap-ski HacTymHi Oomamd, 3 KOH-
[EHTpAIli€l0 aKTHBHOCTI HaBITh HA JBa MOPSA-
KM MCHIIOK TEPBUHHUX, JaayTh IOPIBHIH-
HUH 4d OiJBIIUN BHECOK y CyMapHy aKTHB-
Hicte ’Cs y pociaMHax, HiX NpPH MEePIINX
BUMaJaHHAX. TOoMy 31 cHoOCTepeXeHb BHIIa-
naHb Bix BHUOYXiB saepHOT 30p0i BUXOISITH
epekTUBHI KOHCTAHTH poO3Maay s piBHIB
3a0pyaHEHHS I€31€eM TMPOAYKTIB, MIO BiJ-
PIBHAIOTHCA BiJ THX, SAKUX MOXHa O OYIKY-
BaTH JJs OJHOPA30BHUX BUNagaHb [7, 8].

ABapis Ha YUAEC nyxe momiOHa 3a Tep-
MIHOBMMH ONagaMHM, THHOOBUMH a1 OIlJIb-
IOCTI BUIMAJKOBUX BHKHUJIB, TOMY 3a 3MEH-
meHHsM KoHueHtpauii  *’Cs 4opHOOUIB-
ChKOTO IMOXOJKCHHS JaHl Tpo eOEeKTUBHUM
nepion namiserpar (T ) 134Cs, ¥7Cs moxHa
OTPUMATH 3 BEJIHKOIO BlpOFlI[HlCTIO

Hnsa nmocnimxkenp y YepHIriBchkiii o0macTi
Oynu oOpaHi perioHH, JIe BHECOK BiJ TiobOaib-
Hux Bunaxanb 'Cs He mnepesumyBaB 10%
Bix moBHOI aktuBHOcTi '**Cs, ""/Cs. Cmis-
BiITHOIIECHHS YOPHOOUIBCHKUX AKTHUBHOCTEH
B4Cs 1 /Cs Bu3Hauamm 3 BHUMIpIOBaHb MPOO
TPYHTY 3 30-xinometpoBoi 30uu YAEC. Bu-
MipIOBaHHsI MPOBOJIMIIHM OJHOYACHO 1 3 Big00-
poM TpoO MoOJOKa.

Jlns BumipioBaHb akTuBHOCTI '’Cs BigOu-
panu MOJOYHI mpoOu, 3poOjeHi y 4 KOJIeK-
THBHUX 1 ocobuctux rocmomapctBax Ceme-
HiBcbKOro 1 PinkumHchkoro paiioniB YepHi-
riBcpkoi obusacti Ykpaiumm (puc. 1, 2), ne
mineHicTh 3a0pyaHeHHs ’Cs Oyna B Mexkax
37-370 kbx/m? (3HaueHHs 90% KBaHTHIA
omu3pko 150 kbk/m?). BumiproBaHHS TPOBO-
JIMJTY MIOPOKY B OJWH 1 TOM caMHil 4ac JITHBO-
ociHHboro mnepiony. KimbkicTh mnpoO, axTHUB-
HICTh AKHX BHMIPIOBAIM Y KOXXHOMY TOCIIO-
napctBi, cranoBuna Bim 40 mo 60 3paskis.
Bubip takoi X KUJIBKOCTI 3yMOBJICHHUH METOO
oJlep>XaTu OJHAKOBY TOXHMOKY paaioMeTpul-
HUX 1 CHEKTPOMETPUYHHUX JaHUX.

VY mepmi poku micns aBapii cmoctepiranu
Benuki muTomi akTuBHOCTI '*’Cs Ha mpupon-
HOMy ¢Qoni Bix Y-kBaHTiB “K 1 mowipHix mpo-
IyKTiB paaioakTWBHOro posmany >>?Th, Tomy
OCHOBHI JOCIIJP)KEHHSI TPOBOJMIIN 13 3aCTOCY-
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Puc. 1 — AxruBnicts Mosioka 3a 'Y’Cs. PinkuHChbKHA paiioH
Fig. 1 — Cs-137 activity in the milk. Ripky district

BaHHaM pagiometrpiB [AI1-100 i KPK. Tou-
HICTh TaKMX BHUMIipioBaHb cTaHOBWIa 30—
40%. Oxpemi mpoOM BUBYAJIM Ha HAIIBIPO-
BiIHUKOBOMY CHEKTPOMETpPl W [JIsI HUX IKE
Bu3Havyaau BmicT °°Sr. HamiBupoBigHUKOBHIA
ciektpomeTp ckmanaBca 3 Ge- 1 Ge(Li)-me-
TekTopiB 006’emom 100-240 cm’® 3 eHeprernu-
HUM jpo3BoioM 1,6-1,8 keB wHa Vy-minii
662 xeB. Jletektopu Oynu po3mimieHi y 3a-
XHUCT1 3 HHU3bKO(QOHOBOTO 4YaByHY. lle m03BO-
auno mo3oytucs BmuBy ‘K. TounicTh BUMI-
pIOBaHb Ha HAIIBIPOBITHUKOBOMY CIHEKTPO-
metpi O6yna menme 10%. daui mpo *°Sr Bu-
3HayeHo 3 TouHicTio 30%. B octanHi poku
cuiBBigHOmeHHs: akTuBHOCTI '“'Cs 1 mpupon-
HUX  PaAilOHYKIiAIB  ICTOTHO  3MIiHUJIHCA,
TOMY BHMIpPIOBAHHS MPOBOJIMIIH 3a JOIOMO-
roro Ge- 1 Ge(Li)-cnexkrpomMeTpiB.

OTtpumaHi s KOXHOTO TOCHOIapCTBa pa-
JIOMETPHUYHI JaHI PO3TIsIJanu sSK HOPMAab-
Hi po3moxainu. 3 mporo anamizy aua 40—
60 mpo6 Oyno BCTaHOBJIEHO, IO MOXHOKaA ce-
penHbOoro 3HaueHHs aktuBHocTi *’Cs He me-
pesumye 70%.

IMutomi akTUBHOCTI M e(beKTHBHHﬁ nepioz[
nanieeTpar “’Cs (T, ) OTpHMaHl 3 a”ali3y
Y-CIIEKTPOMETPUUHHUX 1 PaJIOMETPUYHUX JIa-
HuX (1991-1996 pp.), n1oOpe y3roJKyIOThCS.
Ycepenneni pesynabratu Oinmbmie 40 BUMIprO-
BaHb '*’Cs y Mmoo Bcix rocmogapcts 3 1987 p.
mopa3y IUIaBHO 3MEHIIYIOThCS, MPU IHOMY
e(beKTI/IBHI/Iﬁ nepion HaHiBBTpaT B1Cs  3mi-
HIo€eTbcst Big 580 mo 720 nHIB (T =640+70),
10 MEHINEe, HiXK BiANOBigHA BCJ‘II/I‘II/IHa OTpH-
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Puc. 2 — AxruBHicts MoJoka 3a ’Cs. CeMeHiBCbKHI paiioH

Fig. 2 — Cs-137 activity in the milk. Semenivsky district

MaHa MpU aHajli3i TI00aNIbHUX
=4,5 poky).

ﬁCTaHOBHCHa y T, po30DXHICTE s rio-
0anpHUX 1 qopH06HnLCLKHX BHUIIaJlaHb Haii-
IMOBIpHIIIE 3yMOBJICHA THUM, IIO MICIsA TPH-
NUHCHHS SIEPHUX BUINPOOOBYBaHb B aTMO-
chepi CPCP i CIIIA B 1964 p. Benuka Kijb-
kicte '*’Cs, MmO NOTpamuB A0 BEPXHIX MIapiB
armocdepu, BUNamae 3 JABOMA XapaKTEPHUMH
nepiojgaMu, 3yMOBJIEHHMH pPyXoM aTmocdep-
HUX Mac: ManuM 1 Benwkum (Ho 10 poxiB).

VY Bunanky aBapii Ha HAEC ocHOBHI pajuio-
AKTHBHI ONaJW BUIMATH MPOTITOM NEPIIUX
nBox MicsmiB micas Hei. Tomy mo KiHIA
1986 p. mnpsme 3abpyaHEHHsS paaiole3ieM
CIIbCBKOTOCMOAAPCHKUX YTib Y JOCHIJIKY-
BaHUX pETiOHAX MPUMHUHHUIOCSA, 1 0 MOYATKY
BuUMiproBaHb (iito 1987 p.) moBemiHka IbO-
ro HYKJIila y HaBKOJHIITHbOMY CGpGI[OBI/IH_Il
i TpoayKTax XapuyyBaHHsS Ta MOJIOII BHW3HA-
yamacsg oOmajJaMH TepmuX JABOX MICSIIB
micius  amapii.

Pe3ynLTaTH aHanisy BEJIMYUHU €(PEKTUB-
HOTO TMepioay HaHIBBTpaT B7Cs y Pinkun-
CbKOMY panom B OCTaHHI POKM_BKa3ylTh Ha
TeHJCHLi0 10 ii 36inpureHns. MMoBipHo, e
MOB’s3aHO 31 3HAYHUM BHECKOM TJ00albHHUX
BUIIaJaHb Yy Iii MicueBocTi [5], mo, 3 ypaxy-
BaHHAM T =4,5 p. nna riobanpbHUX BHIA-
NaHb, l'IpI/IBOI[I/ITB no s6impmenns T . w10
cmocTepiraeTncs.

OTpumaHa BeauWYMHA €(EKTUBHOTO TMepio-
ny uaniBTpar *’Cs moOpe y3romKyeTbcs 3
JaHuMu [9] (Te¢=500—680 IH.), A€ TpeacTaB-

BUIIaJaHb
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JIEHO JOCHI)KEHHS TOBEIIHKHM YOPHOOUIIBCh-
kux Bumnaganb '’Cs B ABcrpii.

BucHoBku

Otpumany BCTHYHHY T, MH BHKOPHCTOBY-
BaJu JJIsl OLIHOK BEJIWYUH KOJEKTUBHHUX 03
ONPOMIHEHHS HaceleHHs mnpotrsirom 50 po-
KiB. 30Kpema, pO3paxyHKH I[OKa3ajiu, IO B
CemeHiBCcbKkOMY paifoHi Ha mouatky 90-x
pOKiB e(eKTHBHAa €KBIBaJE€HTHa J03a OIpO-
MIHEHHS  HACEJCHHS  «YOPHOOUIBCHKUMUY
pamiloHYKJIiJaMHd 3a pPaxyHOK 30BHINIHBOTO
onpoMmiHeHHs ckinamae Omuzpko 0,02 m3B/p.,
a BHyTpimHBOTO — Onu3pko 0,04 wm3B/p.
[10]. Sxmo DpUMHATH BEJIUYUHY Te®=l,7 p-
a He 4,5 p., TO L€ 3MCHIIYE EKBIBAJICHTHY
03y ONPOMIHEHHS HAaceleHHs JaHUMH pa-
TIOHYKJIIJaMH HE MEHIIe HIX yABiYl.

Ha mamy ayMKy, CTaHOBUTH BEJIMKHUH 1HTE-
pec BHUKOHAaHHSA TaKUX K€ JOCHIIXKEHb I
Sr, 2¥Pu, "“Pu i 2*!Am, BHECOK SKHUX MOXKE
ICTOTHO 3MIHHTH KOJIEKTHBHY 103y. Ocolmu-
BO aKTyadbHI Taki nocuimkeHHs mus Ko3se-
JEeIBbKOTO paloHy, Je CIIBBIIHOMICHHS 130-
tomiB *°Sr/'*’Cs nocsrae Beaumumau 0,5 [5], a
B 1986-1989 pp. cmocrepiraizacs BelauKa
KITBKICTh «Taps4ux dYacTUHOK»  [11].
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