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I1o nanHbIM anbda-aBTOpaguorpadru Ha TOJICTOCIONHBIX SIIEPHBIX (POTOIMYILCUSIX A-2 BU3yaTIu3upoBa-
HO B3auMoJelcTBUE albda-u3nayyeHust oT MUKpo- 1 HaHouyactull UO, (ypanuHuta) ¢ BeuiectsoM. Code-
puueckast oo1acTe Bo3neicTeus anbda-yactul, BOKpyr mukposdepeH UO,, pasmepamu 1o 100 MUKpPOH,
MpeacTaBiisieT co00i IITyOOKO MPeoOpa3oBaHHOE BEIECTBO, C BBICOKON IUIOTHOCTBIO paIMallMOHHbIX JI€-
dexToB. TpaHCASILIMS 3TUX PE3YJILTATOB Ha XXMBOM OPraHU3M NPUBOAUT K BBIBOAY O CIIELIM(PUUESCKOM BUIE
BO3JEMCTBUSI MUKPO- U HAHOYACTUL] OOCIHEHHOTO ypaHa, IIpU KOTOPOM IIPOIOJIKUTEIbHOE BHYTPEHHEE
00JIydyeHHe B MaJIbIX 103aX BCEro OpraHM3Ma CodeTaeTcsl ¢ KaTacTpo(UUYECKU BHICOKUMU 103aMHU ajibda-
W3JTy4eHUS B TOKAJTBHBIX 30HaX, BOJM3U MUKpO- 1 HaHodactuil UO,.
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BBEAEHUWE

I1pourno moutu 25 et co BpeMeHu boMbapanupo-
BOoK B mepuop nepsoit (1990—1991 rr.) u BTOpOIL
(2003 r.) Ilepcunckux BoiiH, a Takxke IOrocmaBum
(1996 1.), cHapsTIaMHU C AEIIETUPOBAHHBIM (0OEIHEH -
HbIM) ypaHoM (DU) B pesynbraTte “rymanuTapHoii”
VHTEPBEHIINY 3allaJHBIX CTPAaH U BHOBb BECh MUD 3a-
TOBOPUJI O BO3MOXHOCTH U MOJIE3HOCTU WUJIHN O Kpaii-
HEe HeraTUBHBIX nocaeacTBUsaIX npumeHeHus DU. Bo
MHOTHX CTaThdIX CHapsiabl, 60MOBI M pakeThl ¢ DU
paccMaTpMBaIOTCS KaK aTpUOYT OOBIYHOTO BOOPYXKe-
HUSI, HUYEM HE OTIMYalOIIerocs IO CBOMM BO3eii-
CTBUSIM OT CHapsIIOB, HAIIpUMep, ¢ BoJdb(ppamom. B
1LIeJIOM ClieJIaH BBIBOJ, YTO OCHOBHBIM MOPaXKAIOIIUM
dakropoM BozaeiictBuss DU Ha 3m0poBbe Mioaeii sIB-
JISIIOTCSI HE CTOJIbKO paaualiioHHbIE 3P ¢hEKTHI,
CKOJIBKO XMMUYEeCKasi TOKCMYHOCTh ypaHa, HO OHa
Tak:Ke HeBenKa 1 cHapsiabl ¢ DU — “cranmapTHBIN
KOMIIOHEHT OpoHeOoiHbIX OoempunacoB” ([1—5]
U ap.). DTU JaHHBIE aOCOJIIOTHO IIPOTUBOpPEYAT pe-
3yJabTaTaM, ITOJydeHHBIM paHee [6].

MexnyHapoaHasi KoaJdulusl TI0 3amnpelieHUuIo
ypaHoBoro opyxus (ICBUW) ocmapuBaeT UCITIOJb-
3yeMYyI0o MOJIeJIb PaAUAllMOHHOTO OOJyUYeHUS U OLIeH -
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KU JIO3BI, JIEXKAIIYIO0 B OCHOBE ucciienoBanust Komu-
TeTa mo crtarbe 31, yTBepxKmasi, 4To opyxue ¢ DU
npencTaniisieT coboit COBEpIIEeHHO HOBbIM NCTOUHUK
3arpsA3HEHUS OKPYKAIOIIEH Cpelbl, KOTOPbIA MOXET
MPSIMO WJIM KOCBEHHO BO3[CMCTBOBATh Ha JIIOACH U
caMy OKpYXKalolllylo cpefy. YTBepXKIaeTcsl, YTO Mo-
CJIEAICTBUSI [JIsSl 310POBbSI, KOTOPBbIE MOTYT OBITH BbI-
3BaHbl TIPUMEHEHUEM OpyxXus, comaepxainero DU,
TpeOYIOT JTOMOJHUTEIBbHBIX BCECTOPOHHUX HAyYHbIX
oueHoK [3, 5]. INogBuanucek MccieqoBaHusI, B KOTO-
PBIX TTOKa3aHO, YTO U3JTyUYeHUE alibha-4acTULL UTpaeT
3HAYUTEIBbHYIO POJIb B TOKcMYeckKux 3ddexrax DU,
BbI3bIBasi MHAylLIMpoBaHHbIe DU: HeoruiacTuyeckue
TpaHchOpMallMK; MyTareHHOCTb; XpOMOCOMHOE T10-
BpeXJeHre; TeHOMHYIO0 HeCTaOWJILHOCTb in Vitro 1
OKa3bIBasi JEMKEMOIr€eHHOE U TF€HOTOKCUYHOE BO3-
neiicrBue [7, 8].

B TeueHme MHOrMX JIeT aBTOPHI JaHHO paOOTHI
MPUMEHSLIM METO, aBTOpaguorpaduu, 1js UCCaeao-
BaHUsI MUHEPAJIOTO-TEOXUMUYECKNX OCODEHHOCTEN
ypaHa B pa3In9IHbIX 00BEKTaX OKPYXKAIOIIE Cpelbl,
B TOM YMCJI€ B [IOPpOJaX 1 pyJdaXx HICJIOYHbIX MACCHBOB
U KapooHaTtuToB [9]. TpaHcasLMs 3TUX Pe3yIbTaTOB
Ha XXMBBIE OPraHU3MBI IT03BOJINJIA OOPaTUTh BHUMA-
HME Ha OYeHb BaXXHBIH (pakTOp, cJ1a00 yUUTHIBAEMBIi
VI BOOOIIE HE OOCYXXAaeMBbIif B UCCIEAOBAHUSIX TTO
BozaeiicTBuio DU Ha XWBBIE OpraHU3MbI, B YaCTHO-
CTHU, MPOHUKHOBEHUE MHMKpO- M HaHodactul, DU
BHYTpPb OpranmusMa (JIeTKH1e, SKeJIydOYHO-KUIITeUHbIIA
TPaKT W APYyrue) U KatacTpoduruueckoe BO3NeiCTBIE
pPagroaKTUBHOIO M3IYyYEeHUs OT TaKUX YaCTUIL B JIO-
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Taomuna 1. Conepxanue n aktuBHOCTh n3oTormoB NU u DU

VA T/2 IIpuponHsblii ypaH JlerieTupoBaHHBIN YpaH
Wsorom* e -
BK/MF Troabl Mac., % Prkork P, % Mac., % Pk P, %
238y 12.4 4.51 x 10° 99.284 12.4 48.8 99.8 12.4 83.7
235y 80 7.13 % 108 0.711 0.57 2.4 0.2 0.16 1.1
24y 2.31 X 10° | 2.45 x 10° 0.0053 12.4 48.8 0.001 2.26 15.2
Oo6uee 25.37 14.82

* _ pec M30TOMA oTHOCUTENbHO 00: 238U — 238,12493, 85y —235.1 1704, B4y —234.1 1379; ** — YA — ynenbHasi aKTUBHOCTb U30TOTIa,
Bx/mr; *** — T/2 — nepuon nojypacraia u30oTorna, rofpl; **** — aktuBHocTh n30Tona B 1 mr NU, B bk; ***** — akTUBHOCTb M30TONA

B 1 mr DU, B bk.

KaJIbHBIX 30HaX OpraHnu3mMa, 0COOEHHO OTHOCSIIIIAXCS
K penpoAayKTUBHBIM. B 1aHHOIi cTaThe HAIJISIIHO TT0-
Ka3aH XapakTep B3auMOAeCcTBUS albdha-u3aydyeHust
OT MUKpPO- U HaHovacTull ypaHuHuta (UQO,) ¢ Beue-
CTBOM Ha TpuMepe siAepHOil (hOTOAIMYIbCUU, U Pe-
3y/JIbTaThl TAaKOTO B3aUMOIEUCTBUSI, TO3BOJISIOLINE
OLIEHUTb MacilTa0bl aHOMAJIbHON NECTPYKILIMU XKU-
BBIX TKAHEM.

JETJIETUPOBAHHBIN (DU)
Y TIPUPOTHBIN YPAH (NU)

Vpan — MeTasun iotHocThio 19.05 r/cm? cocrout
U3 Tpex u3otonos — 24U, 235U u 28U ¢ conepxaHusl-
MU, KOTOpPbIC MEHSIIOTCSI B peNKuX ciaydasx. Macco-
BBIE TOJIU TIPUPOTHBIX U30TOIOB YpaHa, UX HEPUOIbI
noypacIiaaa u yaellbHast aKTUBHOCTb IPEICTaBIICHbI
B Taba. 1. B NU akTuBHOCTB, 6€3 NPOAYKTOB paano-
AKTUBHOIO pacraja, OIpeaeisieTcsl paciagoM M30-
tonoB ypana (®*U, U u 2%U) u cocrasuser
25.37 bx/mr. C y4eToM IIPOLYKTOB pacmaga — 4jie-
HOB palMoOaKTUBHBIX ceMelicTs 233U, 234U u 235U, ko-
TOpbIe TakKXe SBISIOTCS  allb(a-u3IydaTeassMu,
yaeJibHasi AKTUBHOCTh IIPUPOMIHOrO ypaHa IOYTU Ha
MOPSIIOK BHIIIIE.

B pesynbTaTe 4acTMYHOIO WU3BJICYEHUS U3 IIPU-
ponHoro ypana uzoronos *»U u 24U, a Takke ynaje-
HUS TpoAyKToB pacnana 23U, 25U u 24U, octaBmia-
[ICS 4aCTh HA3bIBAETCA JETUIETUPOBAHHBIM MM 00€I -
HeHHbIM ypaHoM (DU) (ta6i. 1). B DU, kak u B NU

Ta6muna 2. CpenHue sHepruu Ha MpeBpalleHue, UCIycKa-
e€Mble U30TOTNIaMU ypaHa

Cpennsisi aHeprus, usayyaemas
UsoTor 3a onMH pacnan, Mas/bk
Alnbda Beta lamMa
B8y 4.26 0.01 0.001
B5Y 4.47 0.048 0.154
B4y 4.84 0.0013 0.002

JOKJIAIBI POCCUMCKOM AKAJTEMUU HAYK. HAYKU O 3EMIJIE

WU30TOIThI SIBJSIOTCS aib(ha-u3JIydaTeasiMu, a SMUC-
cus 6eTa-4acTUIl U rTaMMa-Uu3Iy4eHus Huska [3].

B Ta6:1. 2 mokasaHbl cpeqHUE DHEPTMU HA OIHO
peobpaszoBaHue, ucnyckaemble 24U, 23U u 238U,
JnanHa npobera anbda-gacTui, ¢ sHeprueir 5 M»aB
COCTaBJIsIeT NpUMEpPHO 4—5 cM B Bo3ayxe v 50 MKM B
Msarkux TKaHsx [ 10]. [Tosromy DU mipencrasisier pa-
JUALIMOHHYIO OMNACHOCTb TIPU €ro MNOCTYIUIEHUU
BHYTpPb OpraHu3Ma, IpeXIe BCero mpu BAbIXaHUU
WIM MPOHUKHOBEHUU B KEJyIOYHO-KHUIIEYHbII
TpakT. Kpome Toro, B meHeTparopax ¢ DU BEISIBIIEHBI
cienpl anbda-nsnydareneit 20U, 2°Pu u 24'Pu, Am,
Np u Tc [3].

IMoTeHlIManbHBIE panuojornyeckue 3ddexTs,
cBs3aHHbIe ¢ rtocTyiuieHneM U u DU kak nmpu BObI-
XaHUU, TaK U TIPU NprUeMe BHYTPb, ObLJIM OlLIEHEHbI
pPa3JIMYHBIMU ~ MEXIYHAPOAHBIMU  BKCIIEPTHBIMU
opranm3anusmu [3]. Co BpemMeHeM ITOSIBUJIOCH BCe
0oJIbllie CBUIETENBCTB TOTO, UTO ypaH, B TOM UYUCJTIE
JeTJIETUPOBAHHBbIH, SBJsSIETCSl ropa3fno GoJjiee orac-
HbIM, YeM MPEAnosaraioch, T.e. CyIIECTBYET KaKoe-
TO aHOMaJbHOE CBOMCTBO (KayeCTBO), KOTOPOE BhI-
3bIBaeT OOJILIIOE KOJIUUECTBO F€HETUUECKUX MOBpE-
KIEHUI B KJIETKax MpyU OY€Hb HU3KUX OOIIMX J03aX.
Kpome Toro, numerorcst pakThbl IpUMEHEHUsI HEOOEe -
HEHHOTO, (PaKTUYECKU MPUPOJHOIO ypaHa, B 6oMbax
U pakeTax MNpu TIPOBEIEHUU BOEHHBIX IeuCTBUi
crtpanamu HATO [11].

METOJbI UCCIIEJOBAHHWA

dukcupoBaHuUe clenoB ajibda-yacTUll OT pacria-
na saep ypanHa B coenuHeHuu UQO, — ypaHUHUTE,
OCYIIECTBJIEHO aBTOpaauorpa@ruuecKkumM METOIO0M C
KCIIOJIb30BAaHUEM IIJIJACTUHOK C  TOJICTOCIOMHO
saepHoit (potoamynbeueit Tuna A-2 (HUK®WN) nns
peructpauuu anbda-gactuil. Ilpu mnpoxoxnaeHUUN
anbda-4yacTUll uepe3 SIepHYI (POTOIMYJIbCUIO
BIOJIb TpeKa 00pa3yloTcss UOHHO-3JIEKTPOHHbIE T1a-
pbl, Ha KaX/yl0 U3 KOTOPBIX 3aTPauyuBAETCI B CpE-
HeM 34 syieKTpoHBOJBT. [Ipu ucxomHoli 3HEpruu
anbda-vyactuil 4.26 MaB (TabJ1. 2) YMCIIO ITap COCTaB-
mstet 6ojee 125000. Kpome Toro, MCIoiab30BayCs
MJIACTUKOBBIM TBEPAOTEJbHbIM TPEKOBBIM NETEKTOP
ToMm 513
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CR-39, Takke nmpegHa3HAYeHHBIN JIST pETUCTPaLIIN
anb(a-dyactuil. O6pas3ibl TOPHBIX MOPOJ — YpaHCO-
JIepXKaluX HU3KOTOPUEBBIX YIIEPOIUCTO-KPEMHMU-
CTBIX CJIaH1IEB — NIJTU(OBATMCH U MOJIUPOBAIUCH LTSI
JIy4IIIero KOHTaKTa oOpaslia ¢ TJIaCTUMHKaMU IS
SIIEepHBIX MccaenoBanuii u merekropom CR-39. Pa-
JIVNOAKTUBHBIE MUHEPAJIBI YTJIEPOINCTO-KPEMHUCTO-
ro ciaHua npenacrasiieHbl ypanuHautoMm (UQO,). Co-
CTaB MUHEPAJIOB M3y4yalicsl Ha CKAHUPYIOIIEM 3JIeK-
TpoHHOM Mukpockore (COM) Tescan B AILIKII
MUI'M CO PAH (Ta6:. 3).

PE3VJIbTATBI U OBCYXIEHHWE

IIpy wm3yyeHMU JIOKAJIBHOTO pacHpeneeHUsT |
¢dopM HaxoXIEeHUST ypaHa B TOPHBIX ITOPOJAX METO-
JIOM aBTOpaguorpadum ObUIO yCTAHOBISHO IIMPOKOE
pacrpocTpaHEeHNE BO MHOTHX TUIIAX MOPOI YaCTUII-
KOHILIEHTPaTOPOB YypaHa MUKpPO- 1 HaHOpa3Mmepa [9].
B yactHOCTM, IIpM U3Yy4EeHUM IIPOCTPAHCTBEHHOTO
pacrpeneeHus ypaHa B yIJIEPOOUCTO-KPEMHUCTHIX
cllaHIlaxX Iro-BocToyHoi yactu BoctoyHoro CasiHa
OBUIM BBISIBICHBI MUKPO- M HAHOYACTHUIILI (3€pHa)
ypanuHuta (UO,) (puc. 1, 2; Tabu. 3). 3epHa ypaHu-
HHTa pacriojaraloTcsl Cpeayu TOHKO3epHUCTOIO KBap-
11a ¢ IPUMEChIO cepulMTa U KeporeHa. Ha anbda-as-
TOpagrorpaMMax XOpOIIO BUASH XapaKTep B3alMO-
JIeicTBUsl alibda-yacTUll, U3JIYy4aeMbIX MUKPO- U
HaHOYaCTULIAMU YPAHUHUTA, C IAePHOI (DOTOAIMYIIb-
cueit (puc. 2). Ha aBTOpagmorpaMmmax Han 3epHaMU
UO, dukcupyercss MUKPO-y4aCTOK C MaKCUMaslb-
HBIM KOJIMYECTBOM HAaJIOXKEHHBIX APYT Ha Apyra ajb-
¢a-TpeKoB, KOTOPBIil OKPYKEH “rajio” — paguaaibHO
pacItooXeHHBIMHU ajb(da-TpekaMu. Pasmepsl Tako-
ro “ramo” (“comHua’”) nmpesbimamT 100 MKM, B ciy-
Yae TOYEeYHOI'0 NCTOYHMKA U3JIyYeHHSI pa3MepaMu OT
2 1o 10 mukpoH (puc. 1 a—r). I[lonyueHHoe n3zobdpa-
KEeHHME BO3IECTBUS alibpa-4yacTull OT MUKPO3EpPEeH
npupoaHoro UO, Ha sgaepHy1o (OTOIMYJIBCUIO MOX-
HO paccMaTpMBaTh KaK CBOEOOpa3HBIl 3KCIIepHU-
MEHT, KOTOPBIiA AEMOHCTPUPYET MOCEACTBUS B3au-
MOOCHUCTBUSI abda-4acTull, OO0pa3ylolIuXcs IIpuU
pacriaze siaep ypaHa, ¢ BEIIIeCTBOM (B JaHHOM ClIydae —
simepHoi poTtosmynbeueit). O4eBUIHO, UTO XapaKTep
B3aMMOJCUCTBUSI aib(a-dacTUll, BO3HUKIINUX IIPU
pacniage n3ororioB DU, He orimmaaercs ot NU, ¢ pas-
JINYMEM JIVIIb B YASIbHONH aKTUBHOCTH.

dusnyeckast CYITHOCTb MeXaHW3Ma B3aWMOIE-
CcTBUS anbdha-gacTUIl C BEIIECTBOM, B YAaCTHOCTH
SIICPHON 3MYJIbCUU, ACTAIBHO PACCMOTPEHA B CIie-
muanbHOU nureparype [12]. IlepemeineHnue anbda-
YacTUIIBI B BEIIECTBE MPUBOIUT K BOZHUKHOBEHUIO
MOH-3JIEKTPOHHBIX Map.

Cdepuueckast o6aactb BOKpyr MukposepeH UO,,
BO3HUKIIIASl TIpU BO3IEUCTBUM aibda-4yacTUIl Ha
SIIEPHYIO (POTOIMYJIBCHUIO, TIPEACTABISIET COOOI ITy-
60KO TTpeo6pa3zoBaHHOE BEIIECTBO, C BEICOKOM TLTOT-
HOCTBIO paauallMOHHBIX AedekTtoB (puc. 1 a—r).

JOKJIAIBI POCCUMCKOW AKAJTEMUU HAYK. HAYKHU O 3EMIJIE

Taomna 3. BeibopouHble XUMUYECKHE COCTaBbl yPAHUHU-
ta (UO,) (Mac. %) B yriiepoArCTO-KPEMHUCTBIX CIaHIax
I0TO-BOCTOYHOI yactn Boctounoro CastHa

Ne ananusa Uo, ThO, PbO
05_19 5Sa 93.78 6.22
05_19_56 93.57 6.43
0519 8 93.61 6.39
12 01 _(1_2) 93.42 6.58
12 05 (1_3) 94.24 5.76
12.05_4 93.68 5.94
12 05 5 93.29 6.71
12.05_6 92.99 7.01
12_05_10 93.94 6.06
1205 12 93.22 6.03
12.05_13 93.54 0.30 5.95
120515 93.69 6.31

OTCcyTCTBUE NTaHHBIX — HUXKE Mpejesia 0OHapyXeHUs ; 1o MpUYu-
HE MaJjlblX pa3MepoB (IIepBble MUKPOHBL, puc. 2) yactul UO,, B
aHaIM3bl HE BKIIOYEHBI copepxkanus SiO,, Al,O3 u K,O ot BMe-
LIAIOLIMX KBapLa 1 CepuLuTa.

B Hamem ciyyae B sinepHoil (oTtoamynbcuu A-2
dukcupyercs gedeKTHasI 00JIaCTh C TPEKaAMU paIuny-
coM 10 50 MUKpoH (puc. 2 a—r). YUuTthiBasi Bo3pacra-
IOIIYI0 MHTEHCUBHOCTb MOHU3alIM1 BO BTOPOI TTOJIO-
BUHE TpeKa (KpuBas bparra), yneiabHasi MIOHU3aLUs B
nedeKTHOM 00JIacTM CTAaHOBUTCS OoJjiee paBHOMEp-
HOI.

MoxXHO TIpeanoJiaratb, 9YTo B BellecTBe (Harmpu-
Mep, JIETOYHOU XWBOU TKaHW) C HU3KOU MJIOTHO-
CTBIO, 6)IM3KOI1 K 1 r/cM3, nedekTHasg 061aCcTh BOKPYT
yactuubl UQO, OyaeT WMeTh BEJIUYMHY HE MeHee
50 MmxMm. OdeBUIHO, YTO Mopdoiiorus AedeKTHOI
00J1acTH B XUBOW TKaHU BOKPYT MUKPO- U HaHOYa-
ctull DU He GyneT oTau4aThesi OT MPUBEACHHbBIX ajlb-
da-aBropaguorpaMM. OO0 3TOM CBUIOETEIHCTBYIOT
JIaHHBIE, MMOJydYeHHbIe B PamualnimoHHoii jadboparto-
puu JloypeHca (bepxkiu, KanudopHus, 20 ceHTAOps
1982 r.) npu (puKcaimu 4yacTulilbl IUIyTOHUs (pa3me-
POM MnepBble MUKPOHBI) B JISTOYHOI TKAHU 00E3bsTHBI
co cienamMu ajbda-yacTull B BuAe “3Be3nnl” (Ie-
¢dekTHOI 00jacTu) pazMepoM oKoiao 50 MUKPOH C
paspymeHuem oosiee 10000 kierox [13].

CoBeplIeHHO MHOI TUIT BO3ACHCTBUS allbdha-da-
CTUII Ha OKpYyXalolllee BEIIEeCTBO (UKCUPYETCS B
cJydae paBHOMEPHOTO MTPOCTPAHCTBEHHOTO pacrpee-
JICHUSI ypaHa, T.e. He B BUJIE MUKPO- 1 HAHOYACTHII, a B
BUIE aTOMapHO paccesHHON ¢opmel. PaccesnHas
¢opMa ypaHa B claHIaX CBSI3aHAa C YIJIEPOIVCTHIM
BEIIECTBOM — KeporeHoM. Ha aBropammorpammax
(puc. 2 1, €) perucTpupyloTCcs OTAeIbHbIE pa3HOHA-
MpaBJicHHbIE TPEKM aiab(da-4acTUll, OTpaxKalollue
paccessHHYI0 opMmy HaxoxaeHus ypaHa. I[lpu o6-
IIMX PaBHBIX COIEpXaHMUSIX (AaKTUBHOCTSX, I103€)
TOoM 513
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Puc. 1. 3epHa ypaHuHuUTa pa3Hoit MOpGhOI0rMU Cpeau KBaplia, C MyCKOBUTOM U KEPOT€HOM B YIJIEPOIUCTO-KPEMHUCTBIX CIIaH -
1Iax: a — Kpuctajul; 6 — nu3omMerpuyHasi; B — kouiomopdHasi. CneBa — BSE; cmpaBa — SE.

ypaHa, HaXOISIIErocs B paccesIHHOM (hopMe U B BUIIE
MUKpPO-M HaHoYacTuil, 3¢p@eKT BO3IEUCTBUSI Ha
OKpy:Kalolllee BEIIEeCTBO B JIOKAJIbHBIX YJacTKax a0-
COJIIOTHO HecortocTaBuM. Kak cripaBemiiBo ObLIO
orMedeHo [14], pacTBOpuUMBbIE COSOIMHEHUST Pamiao-
HYKJIMZIOB MOTYT PABHOMEPHO pacHpeaesaThCs U CO-
37aBaTh B OpraHU3Me PAaBHOMEPHYIO 03y, MOZOOHO
BHEIITHEMY TaMMa- U PEHTTeHOBCKOMY OOIyYEeHUIO.

JOOKJIAIBI POCCUMCKOM AKATEMUU HAYK. HAVKU O 3EMJIE

O1eHKa prcKa B 3TUX CIydasX CyIIIeCTBEHHO HEe OT-
JIM4aeTcsl OT pMUCKa [UIMTEIbHOro OOJydeHUs OT
BHEILLIHUX UCTOYHUKOB C HM3KOI JTUHEHHOM nepeaa-
Yyeil SHepIruu, Mpu KOTOPOM OOJHOBPEMEHHO C 00Iy-
YeHNEM MOTYT IIPOMCXOINTD periapaliys 1 BOCCTAaHOB-
JIeHUE paauallMOHHBIX IOBPEXIEHUI B OpraHu3Me.

HepaCTBOpI/IMBIC COCIMHECHUA pPaauOHYKIIMIO0OB
XapaKTepU3YIOTCS TeM, YTO IIPU MX MHKOPIIOpAILNU
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Puc. 2. Anbda-aBropagrorpamMmsl, pUKCHpyOLIME IOKATU3ALUIO YpaHa B MUKpO- 1 HaHodacTulax UO, (ypaHuHuTa) (a—T),
a TakKe B paccestHHOM (“aToMapHOii”) ¢hopMme (1—e) B YIJIEPOAUCTO-KPEMHUCTOM CiaHIie. AJlb(ha-4acTULIbl 00pa3yloT B TOJI-

CTOCJIOIHO sinepHo#l poTtoamynbenu (Tun A-2) Bokpyr yactull UO, nedekTHbIe 0b6macTu — “3Be31bl”;

2., «

COJTHIIA”, pa3Mephl

KOTOPBIX B COTHU pa3 MPEBHIIAIOT pa3Mepbl camux 9acTuil: ot 0.5 1o 7 Mk (a); 7 MkM (0); 8 MKM (B); 2 YaCTHULIBI 11O 7 MKM (T).

Bkcno3unus 10—20 cyT.

HE MPOUCXOAUT OOIIETO paBHOMEPHOIO OOJIydYeHUS].
HamnpoTtus, mpoucxoauTt o0JiydeHUE OpraHa Ipenumy-
ILIECTBEHHOTO ACMTOHUPOBAHUS, YACTO TAKXKE HEPaB-
HoMmepHoe [14]. VIMeHHO Takoe BO3ICHCTBHME Ha
OKpy:Kalolliee BelleCTBO HabIomaeTcsl B ciiyyae Ha-
XOXIEHUS ypaHa B BUIE MUKPO- U HAHOYACTUII.

Ucxons u3 3HaYeHU i yaeabHOM akTuBHOCTH 28U
ObLIIO pacCUMTaHO KOJMYECTBO ajib(a-pacrnaaoB U3
DU omnpeneneHHoit Macchl. YcTaHOBJIeHO (0e3 yueTa
caMoIIOmIoNIeHHs ), uTo Mukpouactuua 23U chepu-
yecKoil GopMbl tuaMeTpoM 10 MKM OylieT reHeprupo-
BaTh Topsimka 383 anmbda-yacTtuil B Mecsn (4663 B
rom), a tmaMeTpoM 5 MKM — 583 anbda-dacTuil B rom.
B 11000M ciiydae 1o aHaJIOTMM B3aMMOJIEMCTBUS ajlb-
da-yactull ¢ smepHoil poToaMynbeuii (puc. 1 a—r),
cieayer MPOrHO3UPOBaTh, YTO BO3ACMCTBUE HA Be-
IIeCTBO Ha KOHTakTe ¢ Mukpodactuneir DU Oymer

JOKJIAIBI POCCUMCKOW AKAJTEMUU HAYK. HAYKHU O 3EMIJIE

KaTactpodudyeckuM. IIpu 3ToM 00IIas MOMIOIIEH-
Hasl 703a U3 pacyera, HalpuMep, Ha OpraHuU3M WU
OTJIEJIbHbBII OpraH 4yeJIOBeKa MOXET ObITh HUYTOXHO
MaJIOH.

Pasmep wactuny DU B paiioHax 60M0apanpoBOK
BapbUpyeT OT HAHOMETPOB 10 MUKPOMETPOB [2, 15],
MpPU 3TOM ypaH MOXET HAXOIWThCSI B Pa3IUYHBIX
KPUCTAJTTMYECKUX CTPYKTYpPaX U B pa3IMUHBIX CTETIC-
HsIX okucieHus:, ipexne Bcero UO, (okono 50%),
U;04 u cMecu 3tux coenuHenuii [16]. Mo oneHkam
pacnpenenaeHust yactul, DU B mmoyBax Ha TeppUTO-
puu KocoBo, mociae 6ombapaupoBok HOrociaaBumu,
npeobiiagaiomumM pazmepom (6osee 70%) ObLIN ya-
CTULIBI OT 1 0 8§ MUKPOH, KOJIUUECTBO KOTOPHIX J0O-
CTUTAJIO COTEH ThICSAY (0 MUJUIMOHA) B HECKOJIBKUX
mr 3arpsizHeHHo# DU moussr [17].

Ne 1
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O4eBUIHO, YTO BBICOKOOWCHEPCHBIC YaCTHUIIHI,
obOpasymwliuecs: Mpyu NpuMeHeHUU cHapsiioB ¢ DU,
clielyeT pacCMaTpUBAaTh KaK OCOOBINM TUIT “TOPSTYMX
gactuir”. [maBHOIT 0COOEHHOCTBIO TAKMX “TOPSTINX
yacTull” SBJsSIeTCS MX BBICOKas ajibga-paaroakTUB-
HOCTb, OIIPEICIISTIONIAsl BLICOKYIO CTEIIEHb X OMOJIO-
TUYECKOM OITacHOCTU. B opraHnm3Mm denoBeKka “rops-
yue yactuibl” DU mocTymnarmoT rnmepopajbHbIM U MH-
TrajJIlAOHHBIM MyTEM, IIPeXIe BCETro, ocaXnasich B
TpaxesX M OpoHXax, JISTOYHOM TKaHH, a TAKXKE B XKe-
JIYIOYHO-KHUIIIEYHOM TpakTe. I1pubansurensHo 95%
BIbIXa€MbIX YaCTHUIL] C a3POJIMHAMNYSCKIM SKBHBaA-
JIECHTHBIM OraMeTpoM OoJjiee 10 MKM ocenaroT B BepX-
HUX IbIXaTeJIbHbIX ITYTSIX, TONaaas 3aTeM B XKeJTy1049-
HO-KMIIIEYHBIM TpakT. YacTULIbI pa3zMepoM MeEHee
10 MKM MOTYT HOCTHUTAaTh OoJjiee TIyOOKHMX OTIIEJIOB
JIerkux (OpOHXMOJI U aJIbBEOJI) U OCTaBaThCS TaM B TE-
YyeHUe 3HaAYUTeJIbHOTO BpemeHU [2]. J1o3bl obiyue-
HUSI TKaHeW BOJM3M TOPSYMX YaCTUIL[ IIPUBOISIT K
BO3HMKHOBEHUIO 30H HEKPO3a 1 CYIIEeCTBEHHO Mpe-
BBILIAIOT 3HAYSHUSI MUHUMAaJIbHBIX KaHIIEPOIeHHBIX
nmo3 [11]. Kpome TOro, BBICOKHME HO3BI OOJYUCHUS
KJIETOK MOTYT IMPUBOIUTH K MOSIBICHUIO MYTaHTHBIX
KJIETOK, a TakKKe K IIaTOJOTMYEeCKOil pereHepanuun
KJIeTOK U TKaHeil. DakTnyeckn Takue chepbl BO3-
HUKIIETO M IIOCTOSSHHO ITOAAEPKMBAEMOTO ajb(da-
YacTULIAMU [IYOOKO MOHU3UPOBAHHOIO Ie(EeKTHOTO
BEIIeCTBA BOKPYT MUKpO- 1 HaHo4yacTuil DU moryt
SIBUTBHCS LIEHTPOM XPOHUYECKOTO BOCITAJIEHUS ¥ IIPO-
Jmdepaunu (pa3MHOXEHUS ) MyTaHTHBIX KJIETOK.

I[ToBceMecTHO B CTaThsIX CpaBHUBAETCS YPOBEHbB
€CTECTBEHHOI, TIpUPOAHOI paguoOaKTUBHOCTU U
CBSI3aHHOI1 C ITOCTYIIEHMEM PaguOaKTUBHOM IThUIN
ot DU. BeiBoz Takoro “cpaBHUTENIHLHOIO aHamM3a” —
OTCYTCTBME WJIN COTIOCTAaBUMBIN 3(P(hEeKT HEraTUBHO -
ro BozneiictBust or DU u NU. I1pu aToMm He obpaiia-
€TCsI BHUMaHMs Ha TOT ¢akT, uto Becb NU “3akoH-
cepBUpOBaH” B mopojax u MuHepanax. He ciyyaitHo
Haubosee 3(PPEKTUBHBIMU CHOCOOAMU U3OJISILUU
pagoaKTUBHBIX OTXOIOB SIBJISIIOTCSI MEPEBON MX B
KepaMUKW, TMOMEIIEHWE B BBICOKO COPOIIMOHHBIC
DJIMHUCTBIE OTJIOXKEHMS MJIM LIaXThl OTPaOOTaHHBIX
YPaHOBBIX MECTOPOXKIEHUI, T.€. UCIIOJIb3YIOTCS IIPU-
POIHBIE MPUHLIMIIBI U30JISIUU PATUOAKTABHBIX 3JIE-
MeHTOB. DU, Ha myomaasx ero mpuMeHeHMsI, HaXx0-
JIUTCS B BUIIE a3PO30JIs, ITbUIA, MUKPOYACTHILI, pacce-
SHHBIX HA TTOBEPXHOCTU MOYB, PaCTEHUIi, CTPOECHUIA.
To ectb yactuubpl DU HaxogsTcsi B HECBSI3aHHOM
JIETKO MUTPUPYEMOM COCTOSIHUM, HAIlpuMep, MIpU
BETPOBOI 3PO3UU WU AHTPOIOIEHHOM IEeITEIbHO-
CTHU M, TAKMM 00pa3oM, MHOTOKPATHO OKa3bIBasICh BO
B3BEILIEHHOM COCTOSIHMM, HaumOoJiee ONAaCHOM IS
nonamaHus BHYTpb opranusma. Yactuirsl DU, o6pa-
3YIOLIMECS IPU B3PBLIBE U TOPEHUMU, SIBJISIFOTCS TOJITO-
XKUBYIIUMMU, “BedyT ceOs Kak ra3” v IepeMelaroTcs
OT MecTa B3pblBa Ha 3HAYMTEIbHBIE PACCTOSIHUS,
JIOJITOE BPEMSI OCTaBasiCh BO B3BELLIEHHOM COCTOSIHUU
B aTMoc(epe, Aaxke B ciaydae MX IIOBTOPHOIO U3BJIe-
YyeHUs 13 mouBkI [11].

JOKJIAIBI POCCUMCKOM AKAJTEMUU HAYK. HAYKU O 3EMIJIE

M3-3a BBICOKOI KMHETUYECKOI S9HEPTUM U ITUPO-
¢GOpHBIX CBOMCTB ypaHa 0oenpunachkl ¢ DU ucrnoiib-
3YIOTCS C LIeJIbo OpoHeboitHoro aeiictBus [2]. Boico-
Kasg nupodopHocTh DU oTBeTcTBeHHA 3a TpaHChOP-
MallMio M3AeIUA MaKpOCKOIMYECKMX pa3MepoB
(cepaneynukoB n3 DU BecoM OT mepBbIX KT 0 COTEH
u 00JIee KI') B YaCTULILI MUKPO- ¥ HAHOPa3MEePHOCTU
[15]. B MoMmeHT B3pbiBa cHapsigmoB ¢ DU oOpa3syonim-
ecst MUKpo- 1 HaHodacTullbl DU cinoxHoit Mopdo-
JIOTMH C 3a3yOpEeHHBIMU KpasiMU UMEIOT Ha CBOE Mo~
BEPXHOCTU HEKOMITIEHCUPOBAHHBINA 3apsil, KOTOPbIA
yIEPKMBaET 30JIb IOJITOE€ BPEMSI BO B3BEILIECHHOM CO-
crosgHun. MakTUYECKU, B TeUEeHUE OMNpPeAcICHHOTO
BPEMEHU ITOCJIe B3pbIBa CHAPSII0B, BO3HUKIIIEE 001a-
KO MUKpO- 1 HaHo4yacTull DU MOXHO cpaBHUTb 10
CBOMM CBOMCTBaM C JIJYyHHOM NbLIbIO, UMEIOIIEN TaKXKe
B3pBIBHYIO ITpuponay [18]. Beicokue ieBUTalIMOHHBIE U
aare3vOHHBIE CBOMCTBA IIbUIM, HaA CETOMHSIIIHUIA
JIeHb, SIBJISIOTCS OMHUM M3 OCHOBHBIX TPYITHOIIPEOI0-
JIMMBIX (DaKTOPOB MPU JAJTbHEHIINX NCCIETOBAHUSIX U
ocBoeHuu JIyHsr [18].

MmMeroTcs naHHbIE O WIMTETBHOM COXPaHEHUH TO-
pSTYUX YACTHUIL B OpTaHU3ME YeJI0BEKa, B YaCTHOCTHU B
JIETKUX JUKBUAATOPOB YepHOOBLIbCKOIT aBapuu. 1 o-
3bl, MOJIy4a€Mble KJIETKAMH B 30HE JIOKAIU3alluU ro-
pSTYUX YACTUIL, MOTYT B COTHU THICSIY pa3 MPEBHIIATh
JetanbHbIe [19].

Anbda-gyactuel DU ocobeHHO onacHbI TEM, 4TO
IIpUA IIOTMaJaHUM B OPraHM3M BBI3BIBAIOT BBICOKME
YPOBHM MOHHU3ALIMU U T€HETUYECKOE TMOBPEXIECHNE
JHK. ITpu BHyTpeHHUX 00JTy4eHUSIX BOJITU3U MUKPO-
n HaHo4yactul, DU nonuszanusg JJHK B coTHU Thicsu
pa3 MpeBBINIAECT JOITYCTUMYIO ITOTJIIOIICHHYIO 103y, a
MMEHHO TUIOTHOCTb noHMu3aumuu Boau3u JJHK aBisi-
€TCsI KJIIOYEBOU BEJIMUMHONM B 11000 MOIEIN PUCKA,
a He po3a oOmydyeHus. CylIecTBYIOIINE MOIETHN
OLICHKM paJuallMOHHOIO pUCKa HE YUYUTBHIBAIOT 3TU
¢aKTHhI.

BbIBO/1bl

1. IIpumeHeHne anbga-aBTOpaguorpadum C MC-
ITOJIb30BAaHUEM TOJICTOCIOMHBIX SIIEPHBIX (OTO-
OMYJbCUI TO3BOJISIET BU3YaJIM3UPOBATh MEXaHU3M
B3auMoneiicTBusl anbda-dyactuir or UO, c¢ Bele-
CTBOM 1 MOpP(do10THIO Te(heKTHBIX 30H.

2. BozneiictBue Mukpo- u HaHodactul DU Ha Be-
IIECTBO IPEICTaBIsIeT COOOM crnenu(pUIECKUil BUI
BO3ACUCTBUSI, IIPU KOTOPOM MPOIOJDKUTEILHOE
BHYTPEHHEe 00JIydeHMEe B MaJIbIX 103aX Ha BECh Opra-
HU3M, COYETaeTCsI C KaracTpo(pHUUeCKU BBICOKMMU
no3aMy  aiaba-u3IydyeHUsT B JIOKAIbHBIX 30Hax.
Muxkpo- u HaHoyactulibl DU, momaBmme BHYTPb
KMBOTO OpraHu3Ma B BUJE a3p030Js B JIETKUE WM B
OpraHsl IUIIEBAPUTEILHOIO TPaKTa, MPEACTABIISIOT
OYEHb CEPhE3HYIO OMACHOCTh KaK UCTOYHMK ajibda-
W3JIy4eHMsI, BOKPYT KOTOpOro ¢popMupyercs chepu-
yeckas nedekTHast odiacTtb, pazmepoM 1o 100 Muk-
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pOH, cOCTOSIIast U3 MOHU3UPOBAHHOTO BEIECTBA C
noBpexxaeHHbIMU OenkoBbIMU U JTHK Monekymamu
OpraHmsMa, a TakXXe MacCCOBbIM BO3HUKHOBEHUEM
TUIPOKCUII-MOHA, 32 CUET Pa3JIOKEHUST BOIBI KUBOI
Mmatepun. Pa3zMepsl o6acT paanalimoHHOTO ITOBpe-
XKIEHUSI B OMOJIOTMYECKUX OOBEKTAX MOTYT HOCTH-
raTh OT COTEH J0 ThICSTY MUKPOH, a MOIITHOCTH JI03bI B
TakKoit chepe 3HAUMTETbHO IMPEBBIIIATh HOPMBI PaIU-
alMOHHOI Ge3ormacHoCcTU. [1pu 3TOM: CTerneHb paau-
allMOHHOTIO BO3AeCTBUS (00IydeHMs) (€ IMHUIIA U3-
MepeHus — Ipail) anbda-yactuuamu B 20 pa3 umeet
0osblINil 6uosornueckuit apdexkr (KoahdulmeHT
KauyecTBa), 10 CPAaBHEHUIO ¢ OeTa- ¥ TaMMa-u3iayde-
HMEM; Iepuoz nojypacmnazaa usorona 28U — 4.47 X
x 10° ner; mepuon IMOJIYBbIBENEHUS U3 JIETKUX IIPU
WHTAJISILIMOHHOM TTOCTYIJICHUM MUKpPO- U HaHOYa-
ctuu uzorona **U — roapl, TPy OTHOCUTEIBHO HU3-
KoM koadduiineHTe BcachiBaHus [14]. M3 omHoii
toHHBI DU MoXeT BO3HUKHYTb 8 X 10 yactuu aua-
METPOM 5 MUKPOH (HaceneHue 3emu — 8.029 x 10°
YeJIoBeK), a yXKe ceifiuac KOJIMYeCcTBO B30PBAHHOTO
DU oueHuBaeTcs HECKOJIBKUMH IECATKAMM TOHH.
OueBUIHO, YTO TOCTYIUICHUE OaxKe OTHON MHKpPO-
M Ha"HoyacTuus! 23U, HanpuMep, B IIUTOBUAHYIO
KeJie3y KMBOTO OpraHu3Ma, IpUBENeT K Tparude-
CKUM IIOCJIEACTBUSM, HECMOTpPSI HA HU3KUE BEJINYM-
HEBI 00111eT0 061yueHUsT opranu3ma. Q0 3TOM Xe CBU-
JIeTeJIbCTBYIOT HCCJICAOBAHUS 110 B3aMMOMACHCTBUIO
MUKPO- M HaHOYaCTHUI paanoHykyiuaos ¢ JJHK [14].

3. Mukpo- u HaHovactulsl DU cienyeTt paccmar-
pUBaTh KaK OCOOBIN TUT “TOpsTYUX YacTULL”, TTITaBHOU
OCOOEHHOCTBIO KOTOPBIX SIBJISIETCSI BbICOKasl ajiba-
PaJIMOaKTUBHOCTh B MUKPOOObEME YaCTUIL U €€ He-
MOCPENCTBEHHOU OJIM30CTU, OMpeaesIsItoniasi BbICO-
KyIO0 CTeleHb MX OMOJIOTMYECKOW OMacHOCTH, UTO
MpeACcTaBIsieT cOOO aHOMallbHOE KayecTBO ypaHa,
BBI3bIBAIOIIEE OYEHb OOJIBIIOE KOJIWYECTBO T€HETH-
YECKUX MOBPEXICHUI B KJIETKaX MPU OYeHb HU3KUX
OOIIIMX J03aX.

4. CHapsiibl ¢ 060eTHEHHBIM YPAHOM ITpEaCTaBIIsI-
IOT co0Oil “Tps3HBIC SOepHBIE 00OMOBI” C KaTacTpo-
duyecKMMM OTHaJCHHBIMU IIOCIEACTBUSIMU  Ha
OKPYKaIOIIYIO Cpey U YeIOBEKA, M3-3a paCIbUICHUS
MUKPO- M HaHO4YacTUII anbda-usmydarenss — DU, Ha
3HAYUTEIbHBIX TEPPUTOPUSIX, IIPU CIIOXKHOCTU UX Je-
TEKTUPOBAaHUS 1 OOHAPYKEHUS.

5. BaxxHa pa3paboTKa HOBOU MOJEIN paguallioOH-
HOro OOJIy4eHHUSI U OLICHKM O3Bl B ClIydae BO3Ieii-
crBust DU B Buge MUKpO- 1 HAHOYACTUII, B KOTOPOI
IJIaBHOE BHMMaHUeE OyaeT YAEJIeHO BO3AECKCTBUIO
alb(ha-n3TydeHUS Ha JIOKAJIbHBI 00beM KMBOTO Be-
IIeCTBa Ha KOHTAKTe€ C MUKPO- M HAHOYACTUIIAMU
DU u 6uonornyeckre u3MeHEHUS B OTACIbHBIX Op-
raHax 1o JHK.

6. HaubGoJjiee TOuYHast OOJArOBpEMEHHAas OLiEHKa
MOCJICACTBUI IpUMeHeHUs1 cHapsinoB u3 DU mozket
OBITh MOJIyYeHAa IIPY CPABHEHUU YaCTOTHI OHKOJIOT U -
YeCKUX 3a00JIeBaHUII Ha TEPPUTOPUM €TO TIpUMEHEe-

JOKJIAIBI POCCUMCKOW AKAJTEMUU HAYK. HAYKHU O 3EMIJIE

HUs ¢ apyrumu obimactsamu ([20] 1 op.), a TakKKe HA
TEPPUTOPUSIX, TOABEPIIIUXCS OOMOapIUpPOBKaM
DU, 10 BoOeHHBIX JEMCTBUIA U TIOCJIE HUX.
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The interaction of alpha radiation from UO, micro- and nanoparticles (uraninite) with the substance was vi-
sualized using alpha-autoradiography data on A-2 thick-layer nuclear photographic emulsions. The spherical
area of action of alpha particles around UO, micrograins, up to 100 microns in size, is a deeply transformed
substance with a high density of radiation defects. The translation of these results on a living organism leads
to the conclusion about the specific type of impact of micro- and nanoparticles of depleted uranium, in which
prolonged internal irradiation in small doses of the whole organism is combined with catastrophically high
doses of alpha radiation in local zones, near micro- and nanoparticles UO,.
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