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Conep)l(al-me TPUTNA B BOAHDbIX ob6beKrTax B pa|7|0|-|ax npoeefeHnsa
MWPHBIX AAEPHbIX B3PbiBOB

B.C. Pemun, K.B. Bapdoaomeesa, A.M. buboaun, C.A. 3enennoBa, K.A. Cennes, I'.B. Apxanrenbckas
Cankr-IleTepOyprekuii HayYHO-MCCIEA0BATENBCKIIT MHCTUTYT paayalliOHHOM TMTMEHBI MIMEHU mpodeccopa
I1.B. PamzaeBa, ®enepanbHas ciyxkba 1Mo Hag3opy B cdepe 3alluThl paB MOTpeduTeIeil 1 61aronoayunst
yenoBeka, Cankt-IletepOypr, Poccus

Mecma nposedenus mMupHbiX [0€PHbIX 63PbIG0E NPEOCMAGASIOM  NOMEHUUAAbHYI0 ONACHOCMb 045
DpaduayuoHHol 06cmanoeku Ha meppumopusx cybsexmos Poccuiickoti Dedepayuu, komopas 3aKao4aemcs
6 BO3MONCHOM BbIHOCE PAOUOAKMUBHOCMU U3 NOAOCMU 83DbléA 68 B000HOCHbBIE 2OPU3OHMbL U HA 3eMHYI0
nosepxHocms. B ceéazu ¢ amum  6axncHo ocywiecmenimo NepuoOUHeCKUll  KOHMpPOAb  COO0epICaAHUs
MEXHOEHHbIX PAOUOHYKAUDO8 6 UCOYHUKAX NUMbee020 6000CHAONCEHUS HACEAeHHbIX NYHKMO8 Ha
Meppumopusx, Npuleearnyux K Mecmam HnpoeeoeHus MUPHbIX S0epHbix 63pbleos. [Ipedsecmuurom
B03MOJICHO20 8bIHOCA MEXHO2EHHbIX PAOUOHYKAUO08 Aeasemcs mpumuil. Habaroodenue 3a eco codepicanuem
6 600HbIX 00beKmax 6 pAauloHaxX NPOGeOeHUsi MUPHLIX S0EPHbIX 63Dblé08 U CONOCMAGAEHUe ¢ OAHHbIMU
Poceuopomema no Poccuiickoii Dedepauuu 6 uyerom nozeonsiem Guis6UMb, HACKOAbKO HAOEHCHBIMU
AGASAIOMCS UHIICEHEPHble 0apbepbl MelcOy UeHMPAAbHOU 30HOU 63pbled U OKpyjcaioweli cpedoli ¢ mouku
3PeHUsT BbIHOCA PAOUOHYKAUO08 8 B000HOCHble 20pu30Hmbl. OOHUM U3 8APUAHMO8 OUEHKU HAOeHCHOCMU
bapvepos seasemcs OUeHKa YOeabHol AKMUGHOCIMU MpPUmus 8 UCMOYHUKAX NUMbegoeo 8000CHa0IceHus. B
cmamove npedcmasnenvl pesyavmamul  ucciedosanus 220 npo6 600bl, 0MOOPAHHbIX U3 UCHOYHUKOS
numve6o20  8000cHabIceHuss  (K0A00Ubl, CKBANCUHbI, POOHUKU, UEHMpPaibHoe 800ocHabMceHue) U
NOBEPXHOCMHBIX 800, pacnoaazarouuxcs 6 epanuyax 167 nacenennvix nynkmos 17 cybsexmoe Poccutickoti
Dedepayuu, Ha meppumopuu Komopwvix 6 nepuod ¢ 1965 no 1988 200 6viro npoussedeno 50 mupHwix
0epHbIX  63pbl6os. [Ipobbl Oviau omobpansl 6 nepuod c¢ mas no cenmsabps 2024 eoda 6 HaceneHHbIX
nyHKkmax, Haxoosujuxca 6 paduyce 30 km om mecm npogedeHus MUPHbIX S0epHbIX 83pbie0os. MamepeHus
YOeabHoU — aKmueHoCmu — Mpumus  npoeoouayu ¢ NOMOWbI0  paduomempa  aab(ha-o6ema-usiyueHus
cnekmpomempuyeckoeo Quantulus 1220-003. B pe3yavmame nposedeHHbIX UCCAeD08AHUL GblsI8AEHO, YIMO
y0enbHas aKmu@HOCMb MPUMUs 6 NOO3EMHbLIX UCMOYHUKAX 6000CHAOICEHUS CMAMUCMUMECKU 3HAYUMO
(kpumepuii Cmvrodenma p<0.05) nuxce, uem ¢ nogepxwocmuwix. CpeoHue yposHu y0eabHol aKmueéHoCmu
mpumus 6 cKeajxcurax, pexax u osepax cocmasasiom 3,0; 3,45 u 4,31 bx/ke coomeemcmeenno. Yoeavnan
AKMUBHOCMb MPUMUS 8 UCHOYHUKAX NUMbEB020 B000CHAOICEHUS! 8 PALIOHAX NPOBEDeHUs] MUPHBIX S0ePHBIX
83pblB08 HAX00AMCA HA YPO8He (DOHOGbIX 3HaueHuil, peeucmpupyemvix Poceudpomemom (om 1,1 do 5
bx/xe).

KitioueBbie clioBa: mupHole s0epHble 63pbigbl, Mpumuil, y0eavHas aKmueHOCHb, UCIOYHUKY NUMbEBO2O
600ocHabIcenus, Haceaentvie nynkmol, cyosekmol Poccutickoti Dedepauyuu.

Tritium content in water bodies in regions
of peaceful nuclear explosions
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Sites of peaceful nuclear explosions pose a potential radiation hazard to the territories of the Russian
Federation, primarily due to the possible release of radioactivity from the explosion cavity into aquifers and
onto the earth's surface. Therefore, it is essential to conduct regular monitoring of anthropogenic
radionuclides in drinking water sources in settlements located near the sites of peaceful nuclear explosions.
Tritium serves as an indicator of the potential release of other anthropogenic radionuclides. Monitoring its
levels in water bodies in regions where peaceful nuclear explosions were perfomed, and comparing this data
with that from Roshydromet across the Russian Federation, allows for an assessment of the reliability of the
engineering barriers between the central explosion zone and the environment with respect to preventing
radionuclide migration into aquifers. One method for evaluating the reliability of these barriers is the
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assessment of tritium specific activity in drinking water sources. This article presents results of the study
involving 220 water samples collected from drinking water sources (wells, boreholes, springs, central water
supply systems) and surface waters within 167 settlements across 17 subjects of the Russian Federation,
where 50 peaceful nuclear explosions were conducted between 1965 and 1988. The samples were collected
between May and September 2024 in the settlements within a 30 km radius of a peaceful nuclear explosion
site. Measurements of tritium specific activity were performed using the Quantulus 1220-003 alpha-beta
spectrometric radiometer. The research revealed that the specific activity of tritium in underground water
sources is significantly lower (Student's test p<0,05) than in surface waters. The average specific activity
levels of tritium in boreholes, rivers, and lakes were 3.0, 3.45, and 4.31 Bq/kg, respectively. The specific
activity of tritium in drinking water sources within the regions of peaceful nuclear explosions was found to
be at the background levels recorded by Roshydromet, ranging from 1.1 to 5 Bq/kg.

Key words: peaceful nuclear explosions, tritium, specific activity, drinking water sources, settlements,

subjects of the Russian Federation.

BeepeHve

B npouecce peanu3aumm rocyaapCTBEHHOW [Mporpammel
Ne 7 «AaepHble B3pbIBbI A1 HAPOOHOIO XO3AMCTBa» Ha Teppu-
Topun CCCP 6b110 npousBeneHo 124 noas3emHbiX SAepHbIX
B3pbIBOB. MecTta nposeneHunst 82 B3pbIBOB HaXoOATCs Ha Tep-
putopum 19 cybbekToB Poccuiickoi ®epepaumm [1].

LleHTpanbHble 30Hbl (panee — L3B) MUPHBIX SOEPHbIX
B3pbIBOB (Janee — M$AB) npenctaensioT cobom yH4acTKM Heap,
NnoABeprInecs MexaHM4eCcKoMy, TEPMUYECKOMY 1 PaaMaLMOH-
HOMY BO3AENCTBUIO, B KOTOPbIX OCTaTKM AENSALLMXCA MaTepua-
IOB 0EPHOro 3apsifa, AONrOXMBYLLME OCKONKW OeneHust U
aKTUBMPOBaAHHbLIE MaTepualibl KOHCTPYKLMIA MepeMeLlaHbl C
ThICA4aMM TOHH pPacnnaBieHHOro rpyHta. EAMHCTBEHHbIM 3a-
WUTHEIM 6apbepoM OT MUrpauuy PagvioHyKIMOOB U3 JIMH3bI
pacnnasa BO BHELLHIOW Cpeay CNyXar ropHele nopoapl [2-6]. B
CBSAI3N C TeM, 4To LI3B He okpyxeHa 3almTHbIMK Bapbepamu,
Hannyne HanopHbIX BOA B COYETAHUN CO CTapeHVEM 1 paspy-
LIEHNEM TEXHOJOTMYECKUX CKBAXMH U CBA3AHHBIX C HUMW KOH-
CTPYKUUI SIBASIETCHA NPEANOCHIIKON NepeHoca PaauoHyKNIna0B,
KOTOPbIE COXPAHSAOT MOTEHUMANbHYID ONAacCHOCTb B TeYeHue
MHOMVX COTEH NET, B BOAOHOCHBIE FTOPU3OHTbI N HA 3EMHYIO
MOBEPXHOCTb C HAMOPHbLIMU MOA3EMHBLIMU BOAAMU MO TRELU-
HOBaTbIM 30HaM TEKTOHMYECKMX pa3nomoB Bokpyr LI3B [7-10].

[To cteneHn pagnauyoOHHOM OMacHOCTU BCE TEPPUTOPUU
06BbEKTOB MUPHbIX SIAEPHBIX B3PLIBOB YC/IOBHO paz3fensioT Ha
Tpy rpynnbl:

1 - 06bekTbl MAB, Ha TeppUTOPUN KOTOPLIX HAbNOOaeTCs
BbIXO[, PaAVOHYKIMOOB Ha 3EMHYKD NOBEPXHOCTL (Tawra, Kpu-
ctann, Mobyc-1, -2, -3, -4, Kama-2, KpatoH-3, ByTtaH, 'enuii,
prdon, OHenp, Bera);

2 — 06bekThl MAB, B KOTOPLIX BbIXOA, PAAMOHYKIWAOB BO3-
MOXEH BCNEACTBME TOro, 4To 1x LISB HaxogoaTcs non BO3AeEn-
CTBMEM HaMOpHbIX BOAOHOCHbLIX ropu3oHToB (Keapu-3, Knm-
6epnut-1, PyouH-2, Pudt-1, FlopnaoHT-2);

3 — 0O6bekTbl M$AB, pacnonoxeHHble B 30He AEUCTBYIOLLEN
VN NnaHnpyemoii paspaboTkm Heap [2].

TPUTKIA XapakTepu3yeTCs BbICOKOW MUMPaLMOHHOM Cnocol-
HOCTHIO [2, 8] 1 nerko nonagaeT B MOBEPXHOCTHLIE BOABI HEPES
TPELMHOBATOCTM MONOCTM o4ara B3pkiBa [9, 11]. MNocTynneHne
OPYrUX TEXHOTEHHbIX PadMOHYKIIMAOB M3 O4aroB MOA3EMHbIX
SAEPHBIX B3PLIBOB B OKPYXAIOLLYIO Cpeny MPOVUCXOANT B MPOLLEC-
Ce BbILLENaYMBaHns, TO eCTb Nepexoda U3 TBepaoi ¢asbl B Xua-
kyto. Ha noBepxHocTv °H HaxoauTCst MPerMYLLLECTBEHHO B hopMe
Tputneson Boabl THO [12], ogHako Ha psiae y4acTKOB SAEPHbIX
B3PbIBOB OTMEYEHO HAIM4ME TPUTUS U B ra30BOM (hase B COOT-
HOLLIEHNIW Fa30BOW 1 BOOHOW dpakuun 5:2 [13].

B CBS3M C TEM, YTO aKTVMBHOCTbL °H Aaxe Ha y#aneHum ot
3MNNUEHTPOB B3pblBa HAa AECATKM KUIOMETPOB npebbiBaeT B
M3MEPUMBIX KOJIMHECTBAX, OH SIBASETCA ONTUMAasbHbIM MHAMKA-
TOPOM U3Y4eHMsT MpoLecca MUrpaumMm TEXHOMEHHbIX Paamo-

Introduction

In the implementation of the State Program No. 7 "Nuclear
Explosions for the National Economy,” 82 underground nuclear
explosions were conducted on the territory of the Russian Fed-
eration across 19 regions [1].

The Central Zones of the Peaceful Nuclear Explosions
(PNEs) are areas of the Earth's crust that have undergone signif-
icant mechanical, thermal, and radiological impacts. As a result
of these explosions, remnants of fissile materials from the nu-
clear charge, long-lived fission products, and activated materi-
als from the constructions are mixed with thousands of tons of
molten rock. The primary barrier preventing the migration of
radionuclides from the melt pool into the environment is the
surrounding rock formations [2-6]. However, the presence of
artesian waters, coupled with the aging and degradation of
technological wells and associated structures, constitutes a risk
for the transfer of radionuclides, which can remain hazardous
for many hundreds of years. This migration can occur through
artesian groundwater in fractured tectonic zones surrounding
the Central Zones [7-10].

To assess radiological hazards, areas affected by peaceful
nuclear explosions are conditionally classified into three groups:

1. Sites where radionuclides have been observed at the
surface (e.g., Taiga, Crystal, Globus-1, -2, -3, -4, Kama-2, Kra-
ton-3, Bhutan, Gelij, Grifon, Dnepr, Vega);

2. Sites where the potential for radionuclide release exists
due to the presence of artesian aquifers affecting the Central
Zones (e.g., Kvarts-3, Kimberlit-1, Rubin-2, Rift-1, Gorizont-2);

3. Sites located within areas of ongoing or planned mineral
resource development [2].

Tritium is characterized by its high migration capability [2, 8]
and can easily enter surface waters through fractures in the
explosion cavity [9, 11]. The release of other anthropogenic
radionuclides from underground nuclear explosion sites into the
environment occurs through leaching, that is, the transition from
a solid phase to a liquid phase. On the surface, tritium is pre-
dominantly found as tritiated water (THO) [12], although at cer-
tain explosion sites, tritium has also been detected in the gase-
ous phase with a gas-to-water ratio of 5:2 [13].

Due to the fact that the activity of 3H remains measurable
even at distances of several tens of kilometers from explosion
epicenters, it serves as an optimal indicator for studying the
migration of anthropogenic radionuclides from PNE cavities into
the surrounding environment via groundwater. Researching
these processes allows to assess the reliability of barriers be-
tween the environment and the explosion cavity.

A review of the literature on the potential hazards of radionu-
clide migration from PNE cavities shows that the primary focus
of research has been on analyzing the radiation situation in the
immediate vicinity of nuclear explosion sites [14-29]. Special
attention has been given to explosions where accidental or
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HYKNMAO0B 13 nonocten MAB ¢ noA3eMHbIMM BOAAMU B OKPY-
Xarolyo cpeny. N3ydyeHre aTnx npoLeccoB NO3BONSAET Oue-
HWTb CTeneHb HaOEXHOCTU WHXEHEPHbIX GapbepoB Mexay
OKPY>XaloLLEen CPefon U NOSIOCTLIO B3PbIBA.

AHanus nutepatypbl No nNpobnemMe NoTeHUManbLHOM onac-
HOCTW BbIHOCA PagMOHYKIMAOB M3 MOSIOCTU MUPHOMO S0EPHOIro
B3pblBa NOKa3aJi, YTO OCHOBHOE BHUMaHWe BCEX NCCNenoBaHnMi
NPUKOBAHO K aHanuMay paanaumMoHHOM OOGCTaHOBKM B HEMo-
CpeOcTBeHHOM 6nmM30CTU OT MecCT npoBefeHns MAB [14-29].
Mpwn aTOM 0COB0E MECTO B UCCEA0BAHNAX 3aHNMAJTN B3PbIBbI,
rae BCNEACTBUE VX NPOBEAEHNSA MMEET MECTO aBapUnHbIA 1N
3anaHMPOBaHHBIA BbIHOC PaAMOaKTUBHOCTU Ha MOBEPXHOCTb:
nobyc-1 (MBaHoBckasi obnactb), Taiira ([Mepmcknii kpait),
Kpuctann n KpatoH-3 (Pecnybnuka Caxa (Hkytmsa) [15-20].
BaxHO OTMETUTb, YTO YPOBHM BBIHOCMMOIO Ha MOBEPXHOCTb
TpUTKA Ha B3pbIBax [Nobyc-1 u AHenp-1, 2 gocturanu B pas-
Hble rodpl AecsaAtkoB Thicay (oo 110 000 bk/kr) [15-17], yTO
CBUOETENBbCTBYET O BbICOKMX YPOBHSIX aKTMBHOCTW AaHHOIO
paouoHyknnaa B 30Hax B3pbiBOB. Ha obbektax Kpuctann u
KpatoH-3 cogepxaHue Tputus B Npobax BoAbl B pa3Hble nepu-
oAbl UCCNeAoBaHWUIA HAXoOAWNocb B Npefenax ot 99 go 320
Bk/kr [9, 18, 19, 29]. B ananazone ot 19 oo 170 Bk/kr Tputua
3aperncTpupoBaHbl U A5 HeaBapURHbLIX B3PbIBOB, HANpUMep,
B MOMNYTHOW Boae Npu Ao0bl4e HedTU 1 ra3a Ha BapbiBe [[prudoH
(Mepmckuia kpai) [16], a Takke psae opyrvx B3psIBOB B Pec-
nybnuvke Caxa (Axytua) [10, 18].

MaydeHnto copepxxaHms TpUTUS B BOOHbIX 0ObekTax B palio-
Hax MPOBEAEHUS MVPHBIX SAEPHBIX B3PBLIBOB MOCBALLEHO Orpa-
HUYEHHOE YUCIO UCCNedoBaHui, Kak B Poccuu [15, 24-26, 29],
TaK 1 3a pytexom [31-33]. B 0OCHOBHOM 3TU NyBamkaumm noces-
LLieHbl NOTEHUMANBHOM ONAaCHOCTW BbIXOAA TEXHOMEHHBIX pagvo-
HyKn1aoB 13 LI3B MYAB v copgepxar orpaHn4eHHOe YUCIO OaH-
HbIX 06 YPOBHSIX TPUTUSI B MUTLEBO BOoAE, NOTPebnsemMol Hace-
JIeHneMm, NPOoXMBAIOLLIM B paioHax nposeaeHna MAB.

MpuHMMas BO BHMMaHME Bbllle CKa3aHHOoe, Cneayer oTMe-
TUTb, YTO CTEMEHb N3YHEHHOCTN BCEX TEPPUTOPUIA NPOBEAEHWS
MAB, BkJIlO4aa TeppUTOPUA, NMpuUneraowme K MectamM rnpose-
OEHNST MUPHBIX SAEPHBIX B3PbIBOB, SBASETCS HEAOCTATOHHOW.
MoMMMO 3TOro, HapyLLeHME B MPOLLECCE CTAPEHUS] FrepMeTUY-
HOCTW TEXHONOMMYECKNX CKBAXMH W CBA3AHHBIX C HUMW KOH-
CTpyKUuii B psae obbekToB MAB [2, 27], a Takke BbiCOKas MU-
rpaumoHHas cnocoBHOCTb TPUTUA NPEACNPENENSOT akTyanb-
HOCTb UCCNEAOBaHNA ero MUrpaummn B BOOOHOCHBIE FOPU30HTHI
M UCTOYHUKMN MUTLEBOIO BOAOCHABXEHUSI HAaCENeHWs1, MPoXu-
BaIOLLLEro Ha TEPPUTOPUSIX, MPUAEraloLWLmMX K MecTaM npoBeae-
Hust MAB.

OTHeCEeHNEe paamMoakTUBHBIX OTXOA0B, 0OpPa30BaBLUMXCS B
pe3ynbTaTte BbIMOMIHEHUS TOCYAAPCTBEHHOM MNpOrpamMmbl BO-
OPYXEHUA 1 roCcyOapcTBEHHOro 0OOPOHHOIO 3aKasa, UCMOJSb-
30BaHUs1 aTOMHOW 3HEPIUN N IAEPHBIX 3apsa0B B MUPHBIX Le-
nsIX, K 0COBbIM (HE 13BNEKaeMLIM) PaaMOaKTUBHLIM oTxonam '
CTPOUTCS Ha MPEAnONOXEHUN, YTO CBA3AHHbIE C yAaNEeHVEM
Takux OTXOA0B pacxopl (BKIO4asa pacxodbl Ha UX N3BMEHEHNE,
nepepaboTky, KOHANUMOHUPOBAHWNE, NEPEBO3KY K MYHKTY 3aX0-
POHEHUST 1N 3aXOPOHEHME) MPEBbLILIAIOT COBOKYMHbIMA pasMep

planned releases of radioactivity to the surface occurred, such
as Globus-1 (lvanovo region), Taiga (Perm region), Crystal, and
Kraton-3 (Sakha Republic (Yakutia)) [15-20]. It is important to
note that the levels of tritium released to the surface at the Glo-
bus-1 and Dnepr-1, 2 explosions reached tens of thousands (up
to 110,000 Bg/kg) in different years [15-17], indicating high
levels of activity of this radionuclide in the explosion zones. At
the Crystal and Kraton-3 sites, tritium concentrations in water
samples during various study periods ranged from 99 to 320
Bag/kg [9, 18, 19, 29]. Tritium levels ranging from 19 to 170
Bqg/kg were also recorded for non-accidental explosions, for
instance, in the associated water during oil and gas extraction at
the Grifon explosion (Perm region) [16] and in several other
explosions in the Sakha Republic (Yakutia) [10, 18].

There have been a limited number of studies on tritium levels
in water bodies in areas where peaceful nuclear explosions were
conducted, both in Russia [15, 24-26, 29] and abroad [31-33].
These publications primarily focus on the potential hazards of
anthropogenic radionuclide migration from The Central Zones of
the PNEs and contain limited data on tritium levels in drinking wa-
ter consumed by populations living near nuclear explosion sites.

Given the above, it should be noted that the degree of re-
search on all areas where PNEs were conducted, including terri-
tories adjacent to peaceful nuclear explosion sites, is insuffi-
cient. Additionally, the degradation of the sealing integrity of
technological wells and associated structures in several PNEs
sites due to aging [2, 27], along with the high migration potential
of tritium underscores the relevance of studying its migration
into aquifers and drinking water sources for populations living
near such sites.

The classification of radioactive waste generated from the
execution of state armament programs and state defense or-
ders, as well as the use of nuclear energy and nuclear devices
for peaceful purposes, as special (non-retrievable) radioactive
waste'?, is based on the assumption that the costs associated
with the removal of such waste (including extraction, pro-
cessing, conditioning, transportation to disposal sites, and dis-
posal) exceed the cumulative potential environmental damage
in the event of the disposal of such radioactive waste at its cur-
rent location. Since the potential risk of radionuclide migration
beyond the explosion zone into aquifers persists, and tritium
serves as an optimal indicator for studying the migration of radi-
onuclides from PNEs into the environment via groundwater,
monitoring tritium levels in drinking water sources in settlements
located near PNEs sites remains highly relevant.

The aim of this study is to assess the tritium content in drink-
ing water sources and surface waters in areas where peaceful
nuclear explosions have been conducted within the territories of
the Russian Federation.

Materials and Methods

The assessment of tritium content in drinking water sources
and surface waters located in areas adjacent to PNEs sites was
carried out in collaboration with specialists from the regional
branches of the Federal Service for Surveillance on Consumer

' PenepanbHbIi 3akoH oT 11.07.2011 Ne190-P3 «06 06palleHm G pavoakTUBHBIMU OTXOAAMM U O BHEGEHN U3MEHEHMIA B OTAESLHBIE 3aKOHO-
naTenbHble akTbl Poccuiickor ®eaepaumm» [Federal Law of 11.07.2011 Ne190-FZ «On the Management of Radioactive Waste and on Amendments to

Certain Legislative Acts of the Russian Federation» (In Russ.)]

*MNocTaHosneHue MpaButensctea PO ot 19.10.2012 Ne 1069 "O kpUTepusix 0THECEHMS TBEPABIX, KAKMX U ra3006pasHbIX OTXOA0B K pafmoak-
TUBHBLIM OTX0JaM, KPUTEPUSIX OTHECEHUS PAANOAKTUBHBIX OTXOA0B K 0COOLIM PaAMOaKTUBHEIM OTXOAaM U K YAAISEMbIM PaaMOaKTUBHBIM OTX04aM 1
KpUTEpUSIX knaccudurkaummn yoansemblx paamoakTneHelx otxoaos” [Decree No. 1069 of the Government of the Russian Federation dated October 19,
2012. On Criteria for assignment of solid, liquid and gaseous waste to radioactive waste, criteria for assignment of radioactive waste to special radioac-
tive waste and to disposed radioactive wastes and criteria for the classification of disposed radioactive waste» (In Russ.)]
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BO3MOXHOIO Bpefa OKPYXaloler cpefe B Cryvyae 3axopoHe-
HUSI TaKUX PagMOaKTMBHBIX OTXOLAOB B MECTE MX HaXOXAEHWS.
Tak Kak noTeHunanbHas ONacHOCTb BbIHOCA PAAMOHYKNVO0B 3a
npenesnsl 30Hbl B3pbiBa B BOAOHOCHLIE FOPU30OHTHI COXPaHAET-
Csl, a TPUTUIA ABNSETCS ONTUMAaNbHBIM MHAMKATOPOM N3YHEHNS
npouecca Mmrpaummn paguoHyknmaoB n3 nonocten MAB ¢ noa-
3eMHbIMW BOLAAMU B OKPYXXAIOLLLYIO Cpefly, OCTaeTcs akTyasib-
HbIM KOHTPOJIb 3@ €ro COAEPXaHMEM B UCTOYHMKAX NMUTLEBOIO
BOOOCHAOXEHUs1 B HACENIEHHbIX MYHKTaX, PacrOfNOXEHHbIX
BOIM3K OT MeCT NpoBeaeHns MAB.

Llenb nccnenoBaHua - natb OLLEHKY COAEPXaHUsa TPUTUS B
VCTOYHMKAX MUTLEBOINO BOAOCHAOXEHNS U MOBEPXHOCTHbIX
BOJAX B parioHax NpoBeAeHVss MUPHBIX SAEPHbIX B3PbIBOB Ha
TeppuTopun cybbekToB Poccuiickoi @epepaumn.

Ma‘repmanbl n MmetToAabl

OueHka cogepXaHus TPUTUS B UCTOYHUKAX MUTLEBOrO BO-
LOCHaOXEHVS U MOBEPXHOCTHbIX BOAAX, PACMONIOXEHHbIX Ha
TeppuUTOpUSIX, NpUerarLLmMx K Mmectam nposeaeHns M4AB, Bbi-
NosIHEHa BO B3aUMOAENCTBUN CO CneumanmcTamm Tepputopu-
anbHbix YnpasneHnn n LeHTPOB rMrmeHsl U snnaemMuonormm
PocnoTpebHansopa (nanee GBEY3 LIMM3). B nepuop ¢ masa no
ceHTsa6pb 2024 ropa cneupanuctammn depepansbHoro GioaxkeT-
HOTO yupexaeHus Haykm «CaHkT-IeTepbyprckuii  Hay4Ho-
MCCNenoBaTeNbCKUn MHCTUTYT PaaNaUMOHHOM TMrMeHbl MMEHN
npodeccopa [.B. Pam3aeBa» ®enepanbHoit cnyxObl Mo
Haasopy B cdepe 3alunThl npas notpedutenein n dGnaronony-
yus venoseka (oanee ®BYH HUWMPT um. M.B. Pam3aeBa) Gbin
opraHm3oBaH oTbop Npob BoAbl U3 UCTOYHMKOB MUTLEBOIO BO-
[OCHabXeHWs (Konoaupl, CKBaXMHbI, LIEHTpasibHOe BOAOCHAab-
JKEHWE) M NOBEPXHOCTHBIX BOA B HACENEHHbIX MYHKTaX, Haxoas-
wxes B pagmyce 30 kM oT mecT nposeneHus MAB. Mepedyenb
6nuxarimnx ot MAB HaceneHHbIX MyHKTOB, NpeanaraemMbix ana
otbopa npob, cocTaBnsAM € ucrnonb3oBaHvem [TUC-
TexHonoruii. Otoop Npob BoAbl OCYLLECTBASN CNELNANIUCTI
DBY3 LUIMm3 Tepputopuin, onpeaeneHHbix MepedHemM. BoaHble
npo6bl OTOMPanU B YACTbIE CTEKSISIHHbIE EMKOCTW, NOAKMUCASNIN
KOHUEHTPUPOBAHHOM a30THOW KMCNOTOW, FrEPMETUHHO 3aKpbl-
Ba/IM 1 OTNPABASNN B UCTbITATENbHbIA NabopaToPHbIA LIEHTP
®OBYH HNWMPT um. M.B. Pam3aesa. Beero 66110 otobpaHo 220
npo6 BoApl, U3 KOTopbIX 136 NPO6 — N3 MCTOYHVKOB NMUTLEBOIO
BOJOCHaOXeHWs (Konoaubl, CKBaXWHbI, POAHWUKA, LEHTPaNbHOE
BOAOCHabXeHMe) 1 84 — 13 NOBEPXHOCTHLIX BOA.

Mpo6onoaroToBky BOAbl BLINOAHAAN MNOCPEACTBOM M-
CTUANSIUMN C LIENBIO OYUCTKM CHETHOro obpasua OT Tyllallmx
CUMHTUANAUMIO MNPpUMEecein U NpupoaHbIX  PaaNOHYKIUOOB.
ANVKBOTbI NOJTYYEHHOIO AUCTUANIATa 06bEMOM 9 M MOMeLLaNn
B MN1aCTMKOBbLIE BUasbl, cogepxatume 11 Mn CUMHTUANALUMOHHO-
ro kokTennsa Optiphase Hisafe lll (nanee cumHTunnatop). 3atem
BMasibl MIOTHO 3aKPbIBANW KPLILIKOA U BCTPSIXMBaNW B TEYEHNE
2-X MUHYT [0 NOSIHOrO CMeLUUBaHUs AUCTUNNATA C CUMHTUANS -
TopoMm. MNepen naMepeHUeM Brasbl BbIAEPXKMBANIM B TEMHOM U
npoxnagHoOM MecTe B TedyeHue 8-12 yacoB Ons ocnabneHus
JIIOMUHECLIEHLIMN.

YaensHasa akTMBHOCTL (ganee — YA) Tputua onpegensnach
C noMoublo pagvomMeTpa anbda-6eTa-usnydeHmst CnekTpo-
MeTpudeckoro Quantulus 1220-003 ¢dupmbl  Perkin  Elmer
(CLLA). Bpems namepeHunst oaHon Npobbl COCTaBAANo OT 3 A0
24 yacoB. MuHMManbHas OeTekTMpyemasi akTMBHOCTb TPUTUS
npu BpeMeHn namepeHnin 12 yacos coctasnsana 1 bk/kr.

CrabunbHOCTbL paboTbl Npubopa 1 apPEKTUBHOCTL peru-
CTpauMn TPUTUS B K&XKA0M CEPUM M3MEPEHUIN KOHTPONMPOBAa-
nacb NOCPEACTBOM U3MEPEHUs1 CTaHAapTa, BXOOALEro B KOM-
nnekT npubopa, a Takke 3TaNIOHHOM NPobbl, NPUrOTOBIEHHOM

Rights Protection and Human Wellbeing and the Centers for
Hygiene and Epidemiology. Between May and September 2024,
specialists from the Saint Petersburg Research Institute of Radi-
ation Hygiene after P.V. Ramzaev (IRH) organized water sam-
pling from drinking water sources (wells, boreholes, centralized
water supply) and surface waters in populated areas within a 30
km radius of PNEs. The List of the nearest settlements to the
explosion sites for sampling was compiled using GIS technolo-
gies. Water samples were collected by specialists from the des-
ignated Centers for Hygiene and Epidemiology territories ac-
cording to the List. Water samples were collected in clean glass
containers, acidified with concentrated nitric acid, sealed her-
metically, and sent to the Testing Laboratory Center of the IRH.
A total of 220 water samples were collected, including 136 sam-
ples from drinking water supply sources (wells, boreholes,
springs, central water supply) and 84 from surface water.

Water samples were prepared by distillation to purify the
counting sample from quenching impurities and natural radio-
nuclides. Aliquots of the resulting distillate, 9 ml in volume, were
placed into plastic vials containing 11 ml of Optiphase Hisafe llI
scintillation cocktail (hereinafter referred to as the scintillator).
The vials were then tightly sealed with a lid and shaken for 2
minutes until the distillate and scintillator were thoroughly mixed.
Before measurement, the vials were stored in a dark and cool
place for 8-12 hours to reduce luminescence.

The specific activity (SA) of tritium was determined using the
Quantulus 1220-003 liquid scintillation spectrometer from Per-
kin Elmer (USA). The measurement time for each sample
ranged from 3 to 24 hours. The minimum detectable activity of
tritium at a 12-hour measurement time was 1 Bg/kg.

The stability of the instrument and the efficiency of tritium
detection in each measurement series were controlled by
measuring the standard included with the instrument, as well as
a reference sample prepared from a tritium calibration solution
in a 9:11 volume ratio with the scintillator.

Determination of tritium SA in water in the counting samples
was performed according to the methodology for measuring the
activity of alpha- and beta-emitting radionuclides in liquid and
solid samples using the Quantulus 1220 liquid scintillation coun-
ter at the |IRH, Perkin Elmer (Method Certificate
No. 45014.15225/RA.RU.311243 dated December 11, 2015).

Results and discussion

During the course of this study, 220 water samples were col-
lected from drinking water sources (wells, boreholes, springs,
central water supply systems) and surface water bodies located
within 167 settlements, as well as from 9 locations outside these
areas. The study sites are situated in 17 regions of the Russian
Federation, where 50 peaceful nuclear explosions were con-
ducted between 1965 and 1988. Figure 1 presents a schematic
map showing the locations of these PNEs, within a 30-kilometer
radius of which the water samples were collected.

Table presents quantitative data on the investigated water
supply sources, including the ranges and average values of
tritium SA in the analyzed water samples.

Data analysis revealed that tritium concentrations in
groundwater sources are significantly lower (Student's t-test
p<0,05) than in surface water sources. The average tritium lev-
els in boreholes, rivers, and lakes were 3.0, 3.45, and 4.31
Bq/kg, respectively, which are three orders of magnitude lower
than the intervention levels specified by NRB 99/2009°. In the
areas where explosions occurred, tritium levels in rivers, lakes,
and swamps feeding the rivers were within the background lev-
els recorded by Roshydromet in these regions (ranging from 1.1
to 5 Bg/kg) [34].
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13 KaJIMOPOBOYHOr0 PacTBOpa TPUTUSE B OOBEMHOM COOTHOLLE-
HUM CO CuMHTUANATOpPOM 9:11.

OnpepeneHve YA TpuTusi B BOLE B CHETHbIX 0Opa3uax Bbl-
MOSIHEHbI B COOTBETCTBUM C METOOMKOM BBINOSIHEHUS U3Mepe-
HWIA aKTMBHOCTW anbda-, 6eTa-n3nyyaolmx pagnoHykKIMaos B
XUOKUX U TBEpPAbIX Npobax C MCMONb30BaHUEM pagnoMeTpa
anbda-, 6eTa-mn3nyyeHns cnekTpomeTpuieckoro «Quantulus-
1220» (CBnoeTenbCcTBO 06 arrecrtaummn METOOUKN
Ne 45014.15225/RA.RU.311243 o1 11 nekabps 2015 roaa).

PeaynbTaTtbl n 06cyxpaeHue

B npouecce BbINOMHEHUST OAHHOIO WCCNenoBaHUst Oblno
oTobpaHo 220 npo6 BOAblI U3 WUCTOYHWMKOB MUTLEBOrO BOAO-
CHabXeHUs1 N NMOBEPXHOCTHBIX BOJ, Pacnonaralolmxcs B rpa-
HMuax 167 HaceneHHbIX NyHKTOB, a Takke 9 Todkax 3a ux npe-
nenamn. O6beKTbl ICCNEe0BaHNM PACMONOXEHbI B rpaHuuax 17
cybbekToB Poccuiickoii denepaumm, Ha TepPUTOPUN KOTOPbIX
B nepuof ¢ 1965 no 1988 rr. 6o nponsdseneHo 50 MUPHbIX
SAEPHbIX B3PLIBOB. Ha pucyHke 1 npeacrtaBneHa kapra-cxema
MecT npoBefeHnss MAB B paguyce 30 kKM OT KOTOPbIX Oblv
oToBpaHbl NPodbl BOABbI.

B Tabnuue npeactaBneHbl KOMYECTBEHHbIE AaHHbIE MO UG-
CnefoBaHHbIM UCTOYHMKAM BOAOCHaOXeHUsl, Ouana3oHbl U
cpenHve 3HaveHnst YA TpuTust B UcCnefoBaHHbIX Npobax BoAbl.

AHanM3 AaHHbIX Nnokasasn, YTo CoaepXaHue TPUTKUSA B NO/-
3EMHbIX NUCTOYHMKAX BOAOCHAOXEHNST CTaTUCTUHECKM 3HAYUMO
HUxe (kputepuin CtetopeHTa p<0,05), 4emM B NMOBEPXHOCTHBIX.
CpenHne ypoBHU TPUTUSI B CKBAXUHAX, PEKAX 1N 03epax paBHbI
3,0; 3,45 n 4,31 Bk/Kr COOTBETCTBEHHO, 4TO Ha TpW nopsoka
HUXE YPOBHEl BMellaTenscTBa no HPB 99/2009°. B paiioHax
npoBeAeHNs B3PbIBOB YAeNbHasA akKTUBHOCTb TPUTUSI B pekax,
o3epax n bonotax, NUTAIOLWMX PEKN, HAXOAMTCA B AManas3oHe
(OHOBLIX YPOBHEW, PEMNCTPUPYEMBIX POCTrMAPOMETOM B AaH-
HbIX parioHax (oT 1,1 go 5 Bk/kr) [34].

Mpo6bl BOAb!I OTOMPaV HA Pa3MHHBIX PACCTOSIHUSIX, B CBSI3M
C 9TUIM BaXKHO ObISI0 BBIACHUTb, 3aBUCUT 1 YAENbHAsA akTUBHOCTb
TPUTKS! B BOAE NOA3EMHbIX 1 MOBEPXHOCTHBIX NCTOYHNKOB BOAO-
CHabXeHUs OT yOaNEHHOCTM A0 MECT npoeeneHns MAB.

Ha pucyHke 2 npeacTtaBneHbl peaynbTaThl OLUeHkn YA Tpu-
TUS1 B CKBXXMHAX, KONOALAX M POAHMKAX Ha PasfnnyHbIX paccTo-
SAHUSIX OT MeCT npoBeaeHust MAB.

AHanM3 gaHHbIX Nokasas, 4To CBA3b MeXAY YAENbHON ak-
TUBHOCTbIO TPUTUS B BOAE MO3EMHbIX NCTOYHVKOB U PacCcTosi-
HUYEM OT MUPHOrO Si4EPHOro B3pbiBa OTCYTCTBYET (puc.2). Ta-
KM€ OaHHble KOCBEHHO CBUOETENLCTBYIOT 00 OTCYTCTBUN BIMUSI-
Hus MYAB Ha copepxaHme TpUTus B UCCNeaoBaHHbIX NOA3EM-
HbIX ICTOYHMKAX MUTLEBOIO BOAOCHAOXEHMS.

Ha pucyHke 3 npeacTaBneHbl pe3ynbTarbl OLEHKM YPOBHEN
aKTUBHOCTU TPUTUSI B MOBEPXHOCTHBIX MCTOYHUKAX (peku, o3e-
pa) Ha pa3NU4YHbIX PACCTOSHUSX OT MeCT NpoBeaeHus MAB.

JaHHble, NnpeacTaBneHHbIE HAa PUCYHKe 3, MOKa3bIBaKOT OT-
CyTCTBME CBSI3M YA TpUTKS B BOAE PEK M 03ep OT PacCTOsAHUA
100 MecT npoBeaeHus MAB. Bonee BbICOKME yPOBHU coaepxKa-
HUST TPUTUS B U3MepPeHHbIX Npobax BOoAbl U3 MOBEPXHOCTHbIX
VCTOYHUKOB BOAOCHAOXEHWUSI MO CPaBHEHWIO C NOA3EeMHbIMU
obycnoBneHbl rnodanbHBIMM NPOoLECCaMM  PacnpoCTpaHeHns
TPUTUS B OKPYXXAIOLLLEN cpene 3a CHET NPeanpuaTuini aToOMHOMN
3HEPreTUKM, KOCMOIMEHHbIX MPOLECCOB M MPOMbILIIEHHOIO
MPUMEHEHUS CTOYHMKOB HAa OCHOBE TPUTUS.

The distances at which water samples were collected
spanned tens of kilometers. Therefore, it was important to de-
termine whether tritium activity levels in groundwater and sur-
face water sources depend on the distance from the sites of
peaceful nuclear explosions.

Figure 2 presents the results of tritium SA assessments in
wells, boreholes, and springs at various distances from the
PNEs sites.

Data analysis indicated that there is no correlation between
the tritium SA in groundwater and the distance from the site of
the nuclear explosion (Figure 2). This finding indirectly suggests
that the PNEs did not influence tritium concentrations in the
groundwater sources of drinking water that were studied.

Figure 3 presents the results of assessing tritium activity lev-
els in surface water sources (rivers, lakes) at various distances
from the PNEs sites.

The data in Figure 3 show no correlation between tritium
specific activity in the water of rivers and lakes and the distance
from the PNEs sites. The higher tritium levels in the measured
water samples from surface water sources, compared to
groundwater sources, are attributed to global tritium distribution
processes in the environment due to nuclear power facilities,
cosmogenic processes, and the industrial use of tritium-based
sources.

Conclusion

The analysis of the results of 220 water samples collected
from various drinking water sources and surface waters within
167 settlements across 17 regions of the Russian Federation, in
areas adjacent to 50 peaceful nuclear explosion sites, has
shown the following:

1. The average tritium levels in groundwater sources are
significantly lower (Student's test p<0,05) than in surface water
sources.

2. The average tritium levels in boreholes, rivers, and lakes
are 3.0, 3.45, and 4.31 Bqg/kg, respectively, which are three
orders of magnitude below the intervention levels specified by
NRB 99/2009.

3. No significant trends were found in the dependence of
tritium levels in groundwater and surface water sources on the
distance from the nuclear explosion sites. This indicates either
the absence or extremely slow migration of tritium and other
anthropogenic radionuclides from the epicentral zones of the
explosions.

4. Tritium concentrations in drinking water sources in the
areas of nuclear explosions are at background levels, as rec-
orded by Roshydromet.
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Tabnua
YpenbHast akTMBHOCTb TPUTUS B NPo6ax BoAbl, 0TOOPaHHbIX N3 pa3HbiX BOAHbIX OOLEKTOB, PACMONIOXEHHbIX
B paamyce 30 kM oT mecT nposeaeHus M9B
[Table
Specific activity of tritium in water samples taken from different water bodies located
within a radius of 30 km from peaceful nuclear explosions sites]
YnenbHas akTMBHOCTb, BK/Kr
MICTOYHUK BOAOCHAGKEHNS KonuuecTtso npo6, LuT. [Specific Activity, Ba/kg]
[Water Supply Source] [Number of Samples, pcs.] CpenHee (cT. oTkn)

[unanas3oH [Range] [Mean (Std. Dev.)]

CksaxuHa [Borehole] 48 1,11-5,56 3,00 (0,96)
Konopew, [Well] 34 <1,00-5,00 3,16 (1,04)
PoaHwk [Spring] 5 1,67-2,89 2,42 (0,48)
Peka [River] 68 <1,00-6,33 3,45 (1,26)
Mpya, 03epo, BOAOXPaHUMLLE _

[Pond, Lake, Reservoir] 15 2,96-6,56 4.81(1,07)

BonoTto [Swamp] 1 - 2,44
LleHTpanm3oBaHHOe BogoCHaOXeHMEe 49 <1,00-7.44 2,87 (1,05)

[Centralized Water Supply]

CKBaXWHbI, KONOA LI, POAHUKMN
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Puc. 2. YaensHasa akTMBHOCTb TPUTUS B BOAE NOA3EMHbIX NCTOYHMKOB, PACMONOXKEHHBIX HA Pas3NMYHBIX PAcCTOSHUAX 0T MAB
[Fig. 2. The specific activity of tritium in underground water sources at various distances from the peaceful nuclear explosions’ sites]
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Puc. 3. YoenbHas akTMBHOCTb TPUTUS B BOAE MOBEPXHOCTHBLIX MCTOYHMKOB, PACNONOXKEHHbIX HA Pa3vyHbIX paccTosHMAX oT MAB
[Fig. 3. Specific activity of tritium in the water of surface sources located at different distances
from the peaceful nuclear explosions’ sites]
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3aksiloveHve

AHanna pesynsTaToB nccnenoBaHus 220 npod Boabl, OTO-
BpaHHbIX U3 Pa3HbIX NCTOYHVKOB MUTLEBOIO BOAOCHAOXEHUS 1
MOBEPXHOCTHbIX BOJ, pacrofaralolmxcs B rpaHmuax 167 Hace-
NIEeHHbIX NyHKTOB 17 cybbekToB Poccuiickon denepaumm, oto-
BpaHHbIX Ha TEPPUTOPUSX, MPUIEralLLMX K MecTamM npoBeae-
Hus 50 MAB, nokagan:

1. CpenHue 3HavyeHus yaenbHOW akTUBHOCTU TpUTUSA B
MOA3EMHbIX MCTOYHMKAX BOOOCHAOXEHUs] CTaTUCTUYECKN 3Ha-
4Mo Huxe (kputepuin CtetogeHTa p<0,05), 4em B NOBEPXHOCT-
HbIX.

2. CpenHue 3HaydyeHus yaenbHOM akTUBHOCTU TpUTUS
B CKBaXXMHax, pekax n ozepax pasHbl 3,0; 3,45 n 4,31 Bk/kr
COOTBETCTBEHHO, 4TO Ha TPY NOpsaKa HUXE YPOBHSA BMeLLa-
TenscTtBa no HPBE 99/2009.

3. He BbIIBNEHO onpeaeneHHbIX TEHAEHLUMIA 3aBUCUMO-
CTU YPOBHEN TPUTUS B MOA3EMHbIX M MOBEPXHOCTHbLIX MCTOY-
HUKax OT pacCcTosAHMA A0 MecTa npoeeaeHus MAB, 4To cBu-
netenbcteyeT 00 OTCYTCTBMM WM 4YPE3BbIYAMHO HUIKUX
TemMnax BblHOCA TPUTUS, @, 3HAYUT, U OPYTUX TEXHOMEHHbIX
PaanoHYKNMAO0B U3 3MULEHTPANBHBIX 30H B3PbIBOB.

4. CopepxaHue TpUTUS B UCTOYHMKAX NMNTLEBOIO BOOO-
cHabxeHuns B pailoHax npoBedeHus MHAB HaxogaTca Ha
YPOBHE (POHOBbLIX 3HAYEHWIA, PErUCTPUPYEMbIX Pocrugpome-
TOM B BOAE NOBEPXHOCTHbLIX BOOOEMOB 1 BOOAOTOKOB.

CBepeHus 0 NIMYHOM BKNapge aBTOpPoOB

PenuH B.C. npennoxun naeto nccnegoBaHms, y4acTBOBa B
opraHmsaumm otbopa npod BoAbl U3 PEMVIOHOB, Y4acTBOBa B
aHanMae NonyyYeHHbIX AaHHbIX 1 HAaNMcaHUM CTaTbu.

Bapdonomeesa K.B. yyactBoBana B opraHusaummn cbopa
npo6 BOAbI W3 pPEervoHoB, B OMOPMAEHUN pPe3ynbLTaToB
M3MEpPEHUIA, aHanua3e nuTepaTypHbIX [OaHHbIX, HarnMcaHuu
BBEAEHVS 1 pasaena «<MaTepuansl U MeToaa.

BrbnunH A.M. yqyacTBOBan B NoaroToBKE KapTorpaduyeckmx
MaTepuanoB, aHanuMse NUTepaTypHbIX AaHHbIX, BHECEeHUU
penakUMOHHbIX NPaBoK.

3eneHuosa C.A. yyacTBoBana B opraHmsaumm cbopa npob
BOIbl N3 PETMOHOB, B OPOPMIIEHUN Pe3yNbTaToB N3MEPEHUA,
aHanM3e nUTEpPaTypHbIX [OAHHbIX, HANMCaHWM BBEAEHWUS U
paspena «<MaTtepuarnsl 1 MeToaa».

CepnHes K.A. yyacTBOBas B aHann3e nutepaTypHbIX AaHHbIX,
noarotoBke Npod W U3MEPEHUsX TPpUTKUS, MNoAroTOBKE
KapTorpaduyecknx MaTeprasnos.

ApxaHreneckass [.B. yyactBoBana B peaakTMpOBaHUM
cTaTbu.

BbnaropapHocTu

ABTOpbI BblpaxaloT 61arofapHocTb cneunanuctam OBY3
U3 v Ynpaenennin PocnotpebHansopa Pecnybnvku bauu-
KopTocTaH, Pecnybnukn Kanwmblkus, Pecnybnunkmn Caxa (Hky-
1), 3abaikanbckoro kpas, KpacHosipckoro kpasi, lMepmckoro
Kpasi, CTaBponosibCKOro Kpasi, a Takke ApxaHrenbCckon, AcTpa-
XaHckon, VisaHoBckown, Wpkytckor, Kemeposckoin, KocTtpom-
ckon, MypmaHckor, OpeHbyprckoii, CBepanoBCKOM, TOMEH-
ckon obnactein n Amano-HeHeukoro AO 3a UX akTMBHOE yya-
ctne B oTbope npod un ux otnpaske B PBYH HUUPT um.
.B. Pam3aeBa.
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Hayu4Hble cTatbu

CeepgeHunsa 06 UCTOYHUKeE
comHaHcupoBaHua

CraTba NoarotoBneHa B pamkax BbinonHeHus HUP «Co-
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CTUKaA UCTOYHMKOB MUTLEBOMO BOAOCHAGKEHNSI».
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