Pagvaunsa m
ee BNnUsHue Ha
X1Bble OpraHmn3mbl
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PagnoakTuBHOCTL (OT natuHckoro radio -
nanyyato, radus - nyd un activus -
OENCTBEHHLIN), Takoe Ha3BaHWe nosiyymno
OTKPbITOE SBMEHNE, KOTOPOE OKa3anocCh
npuBUNErMen camblix TAXernbIX 3JIEMEHTOB
nepunoaundeckoun cucrtemol .N1.MeHgeneesa.
«PagnoakTUBHOCTbL - 3TO CaMOMNpPon3BOSbHOE
(cnoHTaHHOE) npeBpaLlleHNe HEYCTONYMBOIO
n3oTona XMMMUYeCKoro anemMeHTa B gpyrou
n3orton (06bI4HO N30TON OPYroro AyieMeHTa);
Npuv 3TOM NPOUCXOAUT UCMYyCKaHUE
9I1IEKTPOHOB, NPOTOHOB, HEMTPOHOB UNU S4ep
renua (a-4actuu)»



CyllecTByeT Tpu NyTU NOCTYNJ/IEHUS
PAANO0AKTUBHbIX BELWLECTB B OPraHnU3M:
Nnpu BAbIXaHMWe BO34yXa,
3arpsA3HEHHOro paAMoaKkTUBHbIMU
BellecTBaMmn, Yepes 3apa>KeHHYo nuLly
MNN BOAY, YEpPE3 KOXY, a TakXe npu
3apaXXeHnn OTKpPbITbIX paH. Hanbonee
ornaceH nepBbiN NYyTb, MOCKOJIbKY:
o6beM SiIeroyHOM BEHTUNALUN OYEHb
6onbLIOW
3HaYeHnda Ko PunLUmMeHTa YCBOEHUS B
nerkmx 6osnee BbICOKMU.



A03LI PALMAUMOHHONO ORNYMENMA
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N3BecTHO, 4YTO B COCTaB atoma BXOAST TPy TuMa 3N1EMEHTOB:
oTpuuaTenbHO 3apsKEHHbIE 3NEKTPOHbI

ABUXYTCSA No opbuTaM BOKpYr s4pa - NAOTHO
CUEnIEHHbIX NOSIOXNTENBHO 3apPsXKEHHbIX MPOTOHOB U
3N1EKTPUYECKN HENTPASIbHbIX HENTPOHOB. XMMUYECKMe
3/1IEMEHTbI Pa3/InYaKT Mo KOSIMYECTBY MPOTOHOB.
OAMHaKoBOE KOIMYECTBO NMPOTOHOB M 3N1EKTPOHOB
0bycnaB/nBaET 3/1eKTPUYECKYI0 HENTPASIbHOCTb aToMa.
Konnyectso HEMTPOHOB MOXET BapbMpOBaTbCS, U B
3aBMCMMOCTU OT 3TOr0 MEHSEeTCS CTabunbHOCTb
NM30TOMNOB.

BONbWMHCTBO HYKNNAOB (S4pa BCeX U30TOMNOB
XUMUYECKNX DN1EMEHTOB) HecTabunbHbl M MOCTOSHHO
npespaLLaroTcs B Apyrue Hyknmabl. Llenoyka
npespaLleHnin CoNpoBOXAAETCA U3TYYEHUSAMU: B
ynpoLleHHOM Buae, UCrnyckaHue s4pom ABYyX MPOTOHOB

N ABYX HEUTPOHOB (Ol -yacTuubl) Ha3biBaOT -0l

N3y4YEeHNEM, NCMYCKaHWE 3/1eKTPOHa - B -U3/TyYEHMNEM,
npuyemM oba 3TUX Npouecca NPonUCXoAaT C BblAE/IEHUEM
3Hepruto. NHoraa AoNONHUTENBHO NPOUCXOAUT BbIBPOC

YNCTOWN 3HEPruUn, HasblBaeMbIn Y -U3TyHEHUEM.



Paanauusa
Pagnauus cywecrtsoBana Bcerga. PagnoaktmeHble
3/IeMeHTbl BXOAM/IN B COCTaB 3eM/iM C Hayvana ee
CYLLEeCTBOBaHUA U NPOAO/IKAKT NMPUCYTCTBOBATb A0
HacTosawero BpeMeHn. OgHako caMo siBfieHUe
PagnoaKTUBHOCTU 6bINIO OTKPbLITO BCEro CTo JieT
Ha3ag.

B 1896 rogy dpaHLy3CKUN yUeHbi AHPpKU
Bekkepenb cnyyYyanHo obHapy»Xun, 4to nocne
NPOAO/HKNTENIbHOIO CONMPUKOCHOBEHUS C KYCKOM
MUHepana, coaep’kallero ypaH, Ha
doTorpapunyecknx nnacTMHKaxX Nocse NpPosABKU
NOSABUNNCL cnenbl nsnydyeHus. MNosxe atmm
siBiIeHneM 3anHTepecoBanmncbe Mapusa Kiopu (aBtop
TepMMHa “pagmoakTUBHOCTL”) n ee Myx lbep
Kiopu. B 1898 roay oHn ob6Hapy»Xuniu, 4Tto B
pe3ysbTaTe U3sly4yeHus ypaH npeBpawaeTcs B
Apyruve afnieMeHTbl, KOTOpble MONoAble Y4YeHble
Ha3Ba/IM NMosioHMeM u pagmem. K coxxaneHuto ngu,
npogeccnoHanbHO 3aHMMatoLWmecs paamaumen,
noaBepranm cBoe 340pOBbe, N AaXe XWU3Hb
OMNAaCHOCTM MU3-3a YacTOro KOHTakKTa C
pagnoaKTUBHbLIMUK BellecTBaMu. HecMoTps Ha 3TO
nccneaoBaHMsa NpoaosXkaanucb, U B pesysbTaTe
4yenoBe4YeCcTBO pacnoflaraeT BeCbMa AOCTOBEPHbIMU
CBeAeHNSAMMN O Npouecce NpoTeKaHus peakuun B
paaMOaKTUBHbLIX Maccax, B 3Ha4YNTESIbHON Mepe
06ycnoBneHHbIX 0OCOBEHHOCTAMU CTPOEHUSA U
CBOWCTBaMKU aToma.



UCTOUYHUKM paguaumm, co3pgaHHble YennoBeKoM (TeXHOreHHblie)
NcKyCcCTBEHHbIE UCTOYHMKW paanaLMOHHOINO 06/1yYEHUS CYLLECTBEHHO
OT/INYAOTCHA OT €CTECTBEHHbIX HE TO/IbKO MpoOUCXoXaeHneM. Bo-nepBblX,
CUNbHO pa3nyalTCcs UHAMBUAYASbHbIE A03bl, MONYYEHHbIE PA3HbIMA NHOAbMU
OT UCKYCCTBEHHbIX paAMOHYKIMAOB. B 60nbLIMHCTBE CnyYaeB 3TU A03bl
HEBENNKN, HO MHOrAa 0b6JlyYeHUE 3@ CUET TEXHOTEHHbIX UCTOYHMKOB ropasaio
6onee NHTEHCUMBHO, YEM 3a CYET eCTECTBEHHbIX. BO-BTOpPbIX, A8 TEXHOMEHHbIX
MCTOYHWKOB YNOMsIHYyTasi BapnabenbHOCTb BblpaXeHa ropa3fo CU/IbHEE, YEM
AN eCTeCTBEHHbIX. HakoHel, 3arpsi3HeHnEe OT UCKYCCTBEHHbIX MCTOYHMKOB
paAnauUnNOHHOIo n3nyyeHus (KpomMe paamoaKTUBHbBIX 0CaAKOB B pe3yJsibTaTe
AEePHbIX B3PbIBOB) Jierye KOHTPOIMPOBaTb, YeM NPUPOAHO 06yC/IOBNEHHOE
3arpsi3HeHue.

DHeprus atoMa UCMOoJIb3YETCS YE/IOBEKOM B Pa3/IMUYHbIX LEeNsax: B MeauLUMHE,
AN NPOU3BOACTBA 3HEPIrnM N 06HapYy>XEHMS NOXapoB, AN U3rOTOBJIEHUS
CBETALUMXCA UndepbnaToB YacoB, ANst MOUCKA NOJSIE3HbIX NCKOMAEMbIX U,
HaKOHeL, A8 CO3AaHUS aTOMHOIO OpYyXMus.

OCHOBHOI BKNag B 3arpsi3HEHME OT UCKYCCTBEHHbIX UCTOYHUKOB BHOCST
pa3/InYHble MEANLIMHCKNE MpoLeaypbl U METOAbI IeYEHUS, CBA3AHHbIE C
NPUMEHEHNEM paanoakTUBHOCTU. OCHOBHOM Npubop, 6€3 KOTOPOro He MOXET
060NTUCb HM OoAHA KPYMHAas KINHWUKA - PEHTFeHOBCKUI annapaT, HO
CYLLLECTBYET MHOXECTBO APYIrMX METOAOB AMArHOCTUKWN U JIEYEHUS, CBA3AHHbIX
C UCMONIb30BaHMEM PaANON30TONMOB. :




HensBecTHO TOYHOE KOIMYECTBO NOAEN, NOABEPratoMXC NOA0OHbIM
obcnenoBaHUAM M NEYEHUIO, N A03bl, NOJTyYaeMbIe MMU, HO MOXHO
YyTBEPXAaTb, YTO AN MHOIMX CTpaH MCMNOJIb30BaHUE SABNEHUS
PaAN0aKTUBHOCTU B MEAULIMHE OCTAETCH YyTb JIM HE €ANHCTBEHHbIM
TEXHOIMeHHbIM MCTOYHMKOM 0B6Ny4YeHuUs.

B npuHumne obnyyeHne B MeAMLIMHE HE CTOJIb ONACHO, EC/TN UM HE
3/710ynoTpebnatb. Ho, K coXaneHuto, 4acTo K NMauneHTY NMPUMEHSIOTCS
HeonpaBAaHHO 6onbline Ao3bl. Cpean MeToA0B, CNOCOOCTBYOLLNX CHUXEHUIO
PUCKa, YMEHbLUEHME NJIOWAAN PEHTITEHOBCKOro ny4yka, ero dpunbtpaums,
ybupatwllas IuHee U3nydyeHue, npaBuibHas 3KpaHUPOBKA N CaMoe
6aHanbHOE, @ UMEHHO UCMPABHOCTb 06OPYAOBaHMSA U rPaMOTHAs ero
sKkcnayaTaums.



EcTtecTBeHHble UCTOYHUKUN paanaymm
EcTecTBeHHble paANOHYKAUAbI AENATCS HA YeTbipe rpynnbl: A0NMOXUBYLLME
(ypaH-238, ypaH-235, Topnin-232); KOpOTKOXUBYyLIMe (paanin, paaoH);
AONrOXUBYLLME OANHOUYHbIE, HE 0bpa3ytowmne cemencts (kKanumn-40);
pagnOHYKNNAbI, BO3HMKAKOLWME B pe3ysibTaTe B3auMoAeNCTBUA KOCMUYECKNX
yacTuuy C aTOMHbIMU a4pamMun BewecTBa 3emMnn (yrnepoa-14).

Pa3Hble BMAbl U3/Ty4EeHUs NoNagatoT Ha NOBEPXHOCTb 3eMnn nnbo m3
KocMoca, 1Mbo NoCcTynakT OT paANOAKTUBHbIX BELLECTB, HAXOASLWMXCS B
3eMHOMN KOope, NpuyeM 3eMHble MCTOYHMKN OTBETCTBEHHbI B CpeaHeM 3a 5/6
rogoBon apPeKTUBHON SKBMBANIEHTHOW 403, NOJly4YaeMOn HacefieHneM, B
OCHOBHOM BCNeACTBME BHYTPEHHEro obny4veHus.

YPOBHU paanaLMOHHOI0O U3JTy4eHUs HEOAMHAKOBbI AN pas3/INYHbIX
obnacten. Tak, CeBepHbl 1 KOXHbIM nontocbl 6onee, yemM aKBaTopuanbHas
30Ha, NoABepXeHbl BO34ENCTBMIO KOCMUYECKUX Jlyden 13-3a Haianuums y
3eMIM MarHUTHOIO MoJiS, OTK/IOHSAKOWEro 3aps>XeHHble paanoaKTUBHbIE
yactuubl. Kpome TOro, 4em 6onblie yganeHme ot 3eMHOW NOBEPXHOCTU, TEM
MHTEHCUBHEE KOCMMNYECKOe M3NyyYeHune.




1.1 OCHOBHbIE TEPMUHbI U eANHNL bl n3MepeHuna (TEepMUHONOrus
HKAOAP)

PaanoakTtuBHbIN pacra/j - BeCb NpoLecc CaMornpon3BoJIbHOro pacrnaja
HecTabunbHOro HyKInAaa.

PaanoHyK/ng - HeCTabunbHbIN HYKIWUA, CNOCOOHbIN K CaMONMPOU3BOJSIbHOMY
pacraay.

lMepuoa nonypacriaga n3oToria - BpeMs, 3a KOTopoe pacnagaeTcs B
cpefHeM NOJIOBMHA BCEX PAAUMOHYKAMAOB AaHHOMo Tmna B N060M
paAn0aKTUBHOM UCTOYHUKE.

PaanaumnoHHasi aktTMBHOCTb 06pa3La - Y1Cio pacnagos B CeKyHAy B
AaHHOM paanoaKTUBHOM obpasue; eanHnua 3MepeHna - bekkepersib
(BK).

lMornoweHHasi 4o3a eanHnua naMmepeHuns B cucteme CU - rpaiui (I'p) -
SHEPrmns NOHU3UPYIOLWEro N3sy4yeHus, nornoweHHas obnyyaeMbiM
TenoM (TKaHssMW opraHu3ma), B nepecyeTe Ha eaMHUNLY Macchl.
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OKkBuBasieHTHas 403a eanHnua uamepeHuns B cucteme CU - 3uBeprt
(38)

- NOrnoLwWeHHasa A03a, YMHOXEHHas Ha KO3 dUUMEHT, OoTpakatoLLmi
CNOCOBHOCTb AQHHOIro BUAA M3y4YeHUs noBpexaaTb TKaHMU
opraHm3ma.

S¢ppekTnBHas sKkBMBasieHTHas 403a eaUHULA U3MEPEHNS B CUCTEME
CW - 3uBepT (3B) - aKBUBANIEHTHAs A03a, YMHOXEHHada Ha
KO3(PUUMEHT, YUYMUTbIBAKOLWNNA Pa3HYO YYBCTBUTENbHOCTb
pa3fINYHbIX TKaHEN K 061y4YeHuIo.

KonnektuBHas 3¢o¢beKTuBHasi SKBMBAaJIEHTHas! 403a eanHuLa
n3mepeHus B cucteme CU - yesoseko-3mBept (4eni-3B) -

a3 deKTUBHASA IKBMBANEHTHAA A03a, NOJIy4YEHHAs rpynrnon nraen
OT KakKoro-nnmbo MCToOYHMKA pagmaumu.



BnansiHue pagmauumm Ha opraHmMsMmbl

Bo3gencreme pagmaumm Ha opraHmMaM MoXeT 6biTb pa3fIMyHbIM, HO MOYTK BCeraa OHO HeraTMBHO. B Manbix Ao3ax
paavaunMOHHOE U3TyUYEeHME MOXET CTaTb KaTasi3aTOPOM MPoOLECCOB, MPUBOASALLUNX K paKy MU rEHETUYECKUM
HapyLweHnsMm, a B 60blIMX A03aX 4YAacTo MPMBOAUT K MOSTHOM UM YaCTUYHOM rmbenn opraHMaMa BCAeacTBue
pa3pyLlleHns KNeToK TKaHewn.

CnoOXHOCTb B OTCAEXWBAHUM NOCAeA0BaTe/IbHOCTU NPOLLECCOB, Bbi3BaHHbIX 06/1y4YeHneM, 06bSCHAETCS TEM, YTO
nocneactesns ob6ayyeHmns, ocobeHHO Npu HeboNbLIMX A03aX, MOFYT NPOSIBUTLCS HE Cpa3y, W 3a4acTylo Ans
pa3BuTnsa 6one3Hn TpebyroTcsa roabl MK gaxe gecatunetus. Kpome Toro, BCleacTBMe pasiMyHON NPOHUKAOLWEN
CNOCOBGHOCTM pa3HbIX BUAOB PpaAMOaKTUBHbIX U3/TYYEHUI OHW OKa3blBalOT HEOAMHAKOBOE BO34ENCTBME Ha
OpraHu3M: -4yacTtuubl Hanbonee onacHbl, OAHAKO AN -U3MTyYEeHUS Aaxe INCT ByMmarm aBnseTcs HenpeoaoIMMOon
nperpanow; -n3nyyeHme cnocobHo NpoxoanTb B TKAHW OopraHu3aMa Ha rnybuHy oauH - ABa caHTUMeTpa; Haunbonee
6e306umaHoe -n3nyyeHmne xapakrepusyetcs Hanbonbluen NpoHUKatoWwen CNoCOOHOCTbIO: ero MOXeT 3aaepKaTb
NULWb TOMICTas NauTa M3 MaTepuanoB, MMEKLWNX BbICOKNI KO3 EPULMEHT NOrnoLwWeHUs, HanpuMmep, n3 6eToHa nnm
CBUHLA.

TakXxe pa3nndaeTcsl YyBCTBUTENbHOCTb OTAE/IbHbIX OPraHOB K pagMoakTUBHOMY M3ny4yeHuto. Moatomy, 4Ttobeol
NnoNy4YnTb Hanbosiee 4OCTOBEPHYIO MH(OPMALIMIO O CTENEHM pUCKA, HEOH6XOAMMO YyUMTbIBaTb COOTBETCTBYOLLME
KO3 dUUMEHTbl HYBCTBUTENBHOCTU TKAHEN NPU pacyeTe 3KBUBANEHTHOM A03bl 06nyYeHuns:

0,03 - KOCTHas TKaHb

0,03 - wmnToBMAHAA XKenesa

0,12 - KpacCHbIA KOCTHbIN MO3I

0,12 - nerkue

0,15 - MmonoyHas xenesa

0,25 - AUYHNKN NN CEMEHHUNKU

0,30 - gpyrme TKaHu

1,00 - opraHm3sm B LEe0oM.



BepoaTHOCTb noBpexaeHus TKaHen 3aBUCUT OT CYMMapHOVI AO03bl U OT BEJINHYNHBLI AO3UPOBKU, TaK KaK 6naro,qaps=|
penapaunoHHbIM cnocobHoCTAM 60NbLIMHCTBO OpraHoB MMEKT BO3MOXHOCTb BOCCTAHOBUTLCA MNMocsie CEpUN MEJNTKNX
003.

B Tabnuue 1 npmnBeaeEHbLI KpaﬁHme 3HaA4Ye€HUA AOMNYCTUMbIX AO03 paanalunn.

OpraH JdonyctnMasa no3a
KpacHbI KOCTHbIW MO3r 0,5-1 I'p.
XpycCTanuk rnasa 0,1-3 I'p.

[Moukmn 23 Ip.

MNeyeHb 40 I'p.

MoueBoW Ny3blpb 55 Ip.

3penaga xpsaweBsast TKaHb >70 I'p.

MpuMmevane: [lonycTuMasa Ao3a - CyMMapHasa [03a,
nosydyaemas 4esiloBeKOM B TedeHue 5 Heaenb



TeM He MeHee, CYLEeCTBYIOT A03bl, MPU KOTOPbIX SiIeTaslbHbIN
NCxXoa npakTnyeckn HemsbexeH. Tak, HanpuMmep, A03bl NOpPsAKa
100 r npuBOAAT K CMEPTU Yepe3 HEeCKOJIbKO AHEN NN faxe
4acoB BC/eACTBME NoBpeXaeHUs LueHTpaslbHOW HEPBHOM
CUCTEMbI, OT KPOBOU3JIUSAHUSA B pe3ynbTaTe A03bl 06/iy4eHns B
10-50 r cMepTb HaAcTyMnaeT yepe3 o4HY-ABe Heaenn, a A03a B
3-5 rpaMm rpo3nT obepHyTbCSA NeTasibHbIM MCXOA40M NPUMEPHO
nonosuHe o61y4YeHHbIX.

3HaHNA KOHKPETHOW peaKuun opraHmama Ha Te WM UHble [03bl
HeobxoaAnMbl AN OUEeHKW nocneacTtBmm aencrtemng 60sbnMx 403
obny4yeHus npu aBapmax a4epHbIX YCTAHOBOK U YCTPOUCTB MN
OMacHOCTU obsiyyeHns Npu AnTeNIbHOM HaXOoXAeHNN B paioHax
MOBbILUEHHOro pagnaLnMOHHOIro U3Ty4YeHUs, KaK OT eCTeCTBEHHbIX
MCTOYHNKOB, TaK N B CNy4vyae pagMo0aKTUBHOIO 3arpa3HeHus.
OpHako ga)ke Masnble A03bl pagnaunn He 6e3BpeaHbl U UX
B/INSIHWE Ha OpraHu3M U 340p0oBbe OyayLMX MOKOEHUN 40
KOHUa He n3y4dyeHo. OgHaKO MOXHO NpeanosioXnTb, YTo
paanaunsa MOXeT Bbi3BaTb, Npexae BCero, reHHble U
XPOMOCOMHbIE MyTaLUKN, YTO B MOCSIeACTBUN MOXET NMPUBECTU K
NPOSIB/IEHNIO PeLeCCUBHbIX MyTaLUN.



Cnepyet bonee nogpobHO paccMOTpeTb Hanbonee pacnpPoCcTpaHEHHbIE U
CEPbLE3HbLIE MOBPEXAEHMUS, BbI3BAHHbLIE 0OTy4YEHMEM, 8 UMEHHO pak U

reHeTn4yeckmne HapyLieHus.

B cny4yae paka TpyaHO OLEHUTb BEPOSATHOCTL 3abofieBaHns Kak crneacTeus
obnydveHus. Jliobas, gaxe camaa manasi 4o3a, MOXET NPUBECTU K
HeobpaTuMbIM NOCNEACTBUSM, HO 3TO HE npedonpeneneHo. Tem He
MeHee, YCTaHOBIIEHO, YTO BEPOATHOCTb 3aboneBaHust BO3pacTaeT
NPSAMO MPOMNOPLMOHAaNbLHO A03€e 0bny4YeHus.

Cpean Hanbonee pacnpoCTpaHEHHbIX pakoBbIX 3aboneBaHnin, Bbl3BaHHbIX
obny4yeHnem, BbiaensaTcs nenkosbl. OLeHKa BEPOATHOCTM NeTanbHOro
ncxoaa npw nerikose bonee HagexHa, YeM aHanorMyHble oLeHKU Ans
OpYrviX BUOOB paKkoBbix 3a6onesaHnin. 3T0 MOXHO OGBACHUTL TEM, HYTO
NeViko3bl NepBbIMU NPOSIBNAOT CEBS1, Bb3biBasi CMEPTb B CPEAHEM
yepe3 10 netT nocrne MOMeHTa o6nyquM9| 3a nenkosamm “no
NoNynApHOCTU” cneayoT: pak MOMOYHON Xenes3bl, pak LUTOBUAHOM
Xenesbl U pak nerknx. MeHee YyBCTBUTENbHbI XENYA0K, NEYEHb,
KULLEYHWUK 1 apyrue opraHbl U TKaHW,






UTO KacaeTcsa reHeTn4ecKknx NocrneacTBum pagmaumnm, TO OHU
NPOSABIAIOTCSA B BUAE XPOMOCOMHbIX abeppaunu (B TOM
4yucrie NUSMeHeHNs Yncra unu CTPYKTYypbl XPOMOCOM) U
reHHbIX MyTauun. [eHHble MyTaunn NPOABIIAITCS cpasy

B NePBOM MOKONEHUN (JOMUHAHTHbIE MyTaLUun) UNK
TONbLKO MpU YCIioBUM, ecrin y obonx pogutenen
MYTaHTHbIM SBNSETCA OANH N TOT Xe reH (peueccmBHble
MyTaunn), YTO SABNSIETCHA MariOBEPOATHbLIM.

3yyeHmne reHeTn4eckmnx NnocneacTBum obnydeHuns ewe
bonee 3aTpygHeHo, YeM B crlyvyae paka. HemssecTHO,
KaKOBbl FEHETUYECKME MOBPEXAEHUS NPUN 0BNYyYeEHUMN,
NPOABMAATLCA OHU MOMYT Ha NPOTSAXKEHUN MHOTNX
NOKONMEHUN, HEBO3MOXXHO OTIINYUTbL UX OT TEX, YTO
Bbl3BaHbl APYrMMU NPUYUHaAMMN.
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