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3awmTa OT MOHU3UPYIOLLEro U3slydyeHus

NoHusupylowee usnyyenme (MUN) - 3170 31€KTPOMArHNTHOE N3NTy4YeHME UM MOTOKU YacThLbl, KOTOpPbIE
CO3Jat0TCs NPV PaAMOAKTMBHOM pacnafe, SAepHbIX NMPeBpaLLeHNsaX, TOPMOXKEHNN 3apPSXKEHHbIX YacTuL, B
BelecTBe 1 0bpa3yloT Npu B3aMOLENCTBUN CO CPELON NOHBI PA3INYHbIX 3HAKOB.

EcTecTBeHHblIe UCTOYHUKU A
e ECTeCcTBeHHbIV pacnag paanoHYKINA0B.
e TepmosgepHble peakuum (Hanpumep, ConHue).
e KocMun4yeckoe nsnyyeHue.
NckyccTBeHHble UCTOUYHUKU UA
e ICKYCCTBEHHbIE PaANOHYKANAbI.

e fnepHble peakTopsbl.
¢ PeHTreHOBCKMIA annapaT, YCKOPUTENN 3apsSXKeHHbIX YacTuLL.

Buabl MOHU3UPYIOLLLETO U3JTY4YEeHUS
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[a] Anbda-usnyyenune

o o
Anba-4acTuLbl NAEHTUYHBI iapam renns 5 He™ ", 06pa3oBaHbl ABYMS HEATPOHAMU, ABYMSsi IPOTOHAMM,
Anba-n3nyyeHne obnagaeT NoaoXKUTENbHLIM 3IEKTPUHECKUM 3apALOM ¢ ; 3HAYNTELHON Maccon NOKos M a.

IBMXeHNe anbda-4acTurL CONpsSX>XeHO C CUAbHOWM MOHM3aLUMNeN BELWLECTBA, U Kak C1eiCTBME, C 04eHb BbICTpoW
noTepen aHeprum anbda-4acTul,.

B pe3ynbTaTe npoHMKatoLWwan cnocobHOCTb anbda-n3nyyeHns He3HauymTenbHa. Anbda-4acTuLbl, BOSHUKLINE B
pe3syfnbTaTe paAMoaKTUBHOIO pacnaja, He cnocobHbl NPeoaoneTb faxxe MEPTBOro C/I0M KOXXW, TOHKUA ANCT
b6ymaru. PagnaLmMoHHbI pUCK Npy BHeLWHeM 061yYeHUn TakuMuy anbga-4acTmuamMm oTCyTCTBYyeT. BHelwHee
anbda-obnyyeHne onacHo A4 3400POBbS TONLKO B C/lyYae asibda-4aCTul, pa3orHaHHbIX B yCKOpUTENe.

OJHaKo BeCbMa OMacHO BHyTpPeHHee obnyyeHue, Korha Bo3AeicTBIIo anbdha-n3nyyeHns noaBepraoTcs
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HemnocpeaCcTBEHHO XMNBble TKaHU opraHn3Ma. CHMTaeTCs, YTO BO34eACTBIE Ha OpraHn3M anbga-n3nyyeHns npu
PaBHOM 3HEPreTUYeCcKoM Bo3eicTBMM B 20 pa3 Bbille BO3AENCTBUS FraMMa-n3nyyeHns.

[B] BeTta-usny4yeHume

beTa-n3nyyeHune npenctasnaseT coboi NOTOK 3apPAXKEHHbIX YacTUL, /31eKTPOHOB (B—), No3nTPoHoB (B+)/,
obpa3yoLnxcs B pesynbTaTe paLMoakTUBHOIO pacnaja saaep. beta-usnyyeHvne cnegyet oTanyaTth OT
BTOPUYHBIX 1 TPETUYHBIX 3N1EKTPOHOB, 0Bpa3yloWwnxcs B pe3ybTaTe NOHU3aLMM BO3AYXa.

SHeprusa B-4acTuL, pacrnpeaeneHa HenpepbLIBHO OT HYNA 10 HEKOTOPOro MakCMMasibHOro 3HaveHus (0T
HECKOJIbKUX eAUHNL, K3B, A0 AecsaTKoB M3B), KOHKPETHOE 3HaYeHNe KOTOPOro 3aBMCUT OT BUAA
pacnafatoLerocs BellecTsa.

13-3a MeHbLLEen, YeM y 0-4acTuUL, MacCbl U 3apaga, NpoHUKatowasa cnocobHoCTb B-4acTul Bbilwe, YeM y anbda-
YacTuu. Hanpumep, 414 NoJIHOrO NOrioLWeHNa NoToka B-4acTul, obnagalowmx MakCuMaabHON 3Hepruen 2
M3B, TpebyeTcs 3alNTHbIA CAOM alOMUHNA TOALWMHONA 3,5 MM,

BHelHee B-n3ny4yeHune BbI3BAET JIyYEBbIE 0XKOMU KOXW, Jly4eByto 6one3Hb. Fopa3fo onacHee BHYTPeHHee
0651y4eHne 0T B-aKTUBHbIX PaMOHYKNNIO0B, NONABLLIMX BHYTPb OPraHM3Ma.

[F] FTaMma-usnyyeHune

[aMMa-u3nyyeHune - BUA 3/1EKTPOMArHUTHOIO U3Jly4eHus Hpe3BbI‘-IaI7IHO MaJIoN BJNHOW BOJIHbI — MeHee
2-10° 10 M — W, BCNeacTBme 3Toro, C ApKo Bblpa>XeHHbIMN KOPNYCKYNAPHbIMA N cnabo Bblpa>XeHHbIMU
BOJIHOBbLIMW CBONCTBaMM.

FaMMa-Ny4yn He OTKJIOHSIOTCS B 3/IEKTPUYECKUX Y MAarHUTHBIX MONAX. B cpaBHeHUU ¢ a- u B-nznyyeHuem I-
n3ny4veHune obnafaeT MeHbLUIEN NOHU3MpPYOLWen CNOCOBHOCTbIO.

Bbicokas aHeprus (0,01-3 MaB) n manasa ganHa BoJiHbI 06ycnasnusaeT 60abLUYI0 NPOHMKAIOLLYIO CNOCOBHOCTL
M-u3nyyeHns. XapakTepHaa ToNwmnHa 6eTOHHOr0 orpa)kaeHuns, 3aluLLaoLlero oT M-n3nyvyeHns, coctTaBnseT
bonee meTpa. [ipyrovn npumep, TOMLWMHa CJ109 CBUHLA NOJIOBMHHOrO ocnabnernns M-n3nyyveHns coctasnser 1,8
CM. B uenom, 4eM nnoTHee BelwecTBo, TeM bonee 3peKTUBHO OHO 3alnLLaeT OT M-n3nyyeHns

B 3aBMCMMOCTM OT A03bl M NPOAOIIKUTENLHOCTY [-13NTy4eHMEe MOXKET Bbl3BaTb XPOHNYECKYIO U OCTPYIO JlyYeBble
6onesHun. CToxacTuyeckune schhekTbl BO3LENCTBUA [-131yYeHUS NPOABASIOTCSA B MNOBbILLIEHUN pUCKa
BO3HMKHOBEHUA OHKOMOrn4yeckux 3abonesaHnin. B 1o xxe BpeMsa raMma-obnyyeHne nogaBnseT pocT PakoBbIX 1
ApYrux 6bICTPO Aensamxcs KNeToK. FlaMMa-nsnyyeHve aBaseTcs CUAbHENLWNM MyTareHHbIM U TepaToreHHbIM
thakTOpPOM.

PeHTreHoBcKoOe

PEHTreHOBCKOE M3/yYeHME - SNIEKTPOMArHUTHOE U3JTyYEHUE, 3HEPTUS (POTOHOB KOTOPOrO Ha LKane
3N1eKTPOMArHUTHBIX BOJIH PACcnofiaraeTcs Mexay yNbTpaduoneTossiM 1 M-usnyyeHvem. Mpuyém, B
CYLLECTBEHHON 061aCcTU SHEPrUuil PEHTrEHOBCKOE - N3/Ty4YeHUsi MepeKpbIBAOTCA.

Byoy4n 3KBMBANEHTHBLIMU, C TOYKMN 3peHNS DU3NYECKNX CBOWNCTB, POTOHbI OTHOCAT K PEHTT€HOBCKOMY W -
N3/YYEHWIO Pa3finyas UCTOYHVKN BO3HUKHOBEHUS U3/yYeHNs. B cllyyae y4acTus aTOMHbIX sep B npouecce

https://jurik-phys.net/ Printed on 2024/06/02 15:27



2024/06/02 15:27 3/6 3alnMTa OT MOHM3MPYIOLLEro U3NyYeHns

BO3HWKHOBEHWS U3JTYYEHUS, €ro OTHOCAT K -U31yYeHuto, ec/in U3ny4yeHne BO3HUKJIIO B pe3y/ibTaTe
B3aMOAENCTBUSA 3/1EKTPOHOB C BELLECTBOM, HAaNpyMep, B PEHTITEHOBCKOW YCTaHOBKE, TO B JAHHOM C/lyyae
FOBOPSIT O PEHTTEHOBCKOM U3/y4eHNM,

PeHTreHoBCKas ycTaHOBKa

B peHTreHOBCKMX TPYBKax 3/1eKTPOHbI, UCMYLLEHHbIE KaTOA0M, YCKOPSATCS NoA AeNCTBUEM PAa3HOCTU
3/IEKTPUYECKMX MOTEHLUMUANOB MEXAY aHOAOM U KaToOM 1 yaapsaTcs 06 aHoA, rAe NPouCXoauT ux peskoe
TOPMOXEHNE.

CxeMaTunyeckoe n3obpaxeHne peHTreHoBCKON TPybKn. X — peHTreHoBckume nyyn, K — katod, A — aHop
(nHOrna HasbiBaeMbll aHTUKaToaom), C — Tennooteog, Uh — HanpsxeHne Hakana kaTtoga, Ua —
yckopsitolee HanpsbxkeHne, Win — Bnyck BoasHoro oxnaxaeHus, Wout — Bbinyck BOASHOr0 OXJa)XAeHNS.

Mpwn 5TOM 3a CYET TOPMO3HOMO M3YHEHNS MPOUCXOANT FreHepaLmMs N3NyYeHns PeHTreHOBCKOro AnanasoHa, 1
0[HOBPEMEHHO BbIBUBAIOTCA I/1EKTPOHbI U3 BHYTPEHHUX 3/1IEKTPOHHBIX 060/104€K aTOMOB aHoAa. MyCcTble MecTa
B 060/104Kax 3aHNMAKOTCA APYrIMX 3N1EKTPOHAMK aToMa. [py 3TOM TakXKe UCMYCKAeTCs PEHTTEHOBCKOe
N3MlyYeHMe C XapaKTepHbIM 1 MaTepuana aHoa CreKTPOM SHeprum.

B HacToAwWwee BpeMA aHOObl N3roTaB/INBAOTCA MN1aBHbIM o6pa30M N3 KepaMuku, Flpl/l‘-{éM Ta UX 4aCTb, KyOa
YAapAT 3JIEKTPOHbLI, — U3 MonmbaeHa nam megu.

B npouecce yCKOPEHNA-TOPMOXKEHMNSA L 0KO0 1% KMHETNYECKOW SHEPrnnN 3NeKTPOHa MAET Ha
PEHTreHOBCKOe n3ny4vyeHne, 99% sHeprum npespawiaeTcsa B Teno.

HentpoHHoOe

HeATpoHHOe n3nyyeHne npefcTaBaseT cob0n NOTOK HENTPaIbHbIX, TO €CTb He3apSXKEHHbIX 4aCTuL,
HENTPOHOB.

Hannume 3Ha4YnMTENbHOWM MacChl (HEMHOro 60siblle MacChl MPOTOHA) M OTCYTCTBUE 3/IEKTPUYECKOro 3apsiaa
onpenensieT To, YTO HENTPOHLI He B3aUMOAENCTBYIOT C 3/IEKTPOHHbIMU 060J104KaMM aTOMOB, HO YHaCTBYIOT B
pPeakuMaX C aTOMHbIM S4POM.

B3ammonencTeme HEMTPOHA C AAPOM MOXET BbITh N6O YNPYruM, KOra HEWTPOH OTCKaKMBaeT OT aapa, Ambo
Heynpyrum, B pe3y/ibTaTe Yero HeTPOH 3axXBaTbiBAETCS AAPOM aToMa.

Ecnn nepBbI CiyYan C TOYKM 3pEHMSA BO3AENCTBNS Ha YeJIOBEKA HE OYEHb MHTEpPeCeH, TO BTOPON Ciyyan
npeacTaBnseT 0cobbiii MHTepec. 3axBaT HENTPOHA AAPOM NPUBOAMT K TOMY, YTO A4PO CTAHOBUTCA He
YCTOMYMBBLIM 1 YEPE3 HEKOTOPOE BPEMS pacnafaeTcs, AaHHOe SABJIEHNE Ha3blBaeTCA HaBedEHHas
PafNOaKTUBHOCTb.

MocneacTeBus pacnaga cTabuabHOrO 40 NOrOWEHNS HENTPOHA AApa COCTOAT B HAPYLIEHWN MPOTEKALLIMX
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BMOXMMUYECKNX NMPOLIECCOB B OpraHn3Me (B pesy/ibTaTe pacnafa U3MEHAeTCs COCTaB BellecTBa) C 0HO
CTOPOHBI, @ C APYroN CTOPOHbI BO3HUKAIOLLEE PAAVOAKTUBHOE 13/ly4YeHne BO3AeNCTBYET HEeNMocpeacTBEHHO Ha
6An3nexallme opraHbl U TKaHW, Bbi3blBas UX NMOPaXKEHNE.

Konu4yecTBeHHble XapaKTEePUCTUKH

Jlo3a us3nyyeHus - BeINYnHa, UCNOoNb3yeMasn aNs OLEeHKU BO3LENCTBUSA NOHN3NPYIOLLEro n3ny4eHna Ha ntobble
BellecTBa, TKaHW, XXBble OPraHn3Mbl.

MOLLHOCTb A03bl (MHTEHCUBHOCTb 06/1y4eHUS) — NpUpaLleHne COOTBETCTBYIOLLEN [03bl M0J BO34ENCTBUEM
JaHHOr0 M3/y4eHNs 3a eanHULY BpeMeHu. IMeeT pa3MepHOCTb COOTBETCTBYIOLLEN A03bl, AENEHHYIO Ha
€ANHNLY BPEMEHM.

dusnyeckKkas BesIM4MMHA cHn BHecucteMHas eguHua
bekkepensb [BK]; 4ncno Kiopu [Ku];
AKTMBHOCT PaAMOHYKNMAR, A pacrnafos B BellecTse 3a 1 C. 1 Ku=3,7-10" Bk
Ipen [Fpl=[AX/Kr]; konnyecTBo
MornawéHHas ao3sa, Ly 3Heprumn nepeaaHHoe eauHNLE Pag [paa]; 1 pax = 0,01 'p

MacCCbl BeLecTBa.

SKBMBAJNEHTHAs 0033,
H, = W, D, Bap [6ap];

roe Wi - koacbduumneHt ) .
KaYecTBa U3NyYeHus. 3uBepT [3B]; nornatleHHas fo3a B opraHe [BuoaOrunyeckyil
W, =1 (4, 4) WK TKaHW C Y4ETOM BUAA U3/TYYEHUS. DKBUBASIEHT
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Foe ; 3 Papna
W, € [3...10] (jn), _
W, — 20 (a) 1 Bap = 0,01 3B

[Kn/kr]; oTHowweHNe cyMMapHOro 3apsifia  |peytreH [P

BCEX MOHOB OAHOT0 3HAKa B 3/IEMEHTAPHOM || p — 2 5% . 10~ Ku/kr

0bbEME Cyxoro BO3AyXa K Macce BO3AYXaB || p ., | _, Gap
b2 PLpan =

3TOM 06bEME. :

JKCMo3numMoHHasa fo3a, X

dddekTuBHan po3a, I - Mepa obLiero noTeHunanbHoro yuepba ons opraHnsma ot obsyvyeHns Kak
OpraHun3Ma B LLeJIOM, TaK 1 OTAesNbHbIX ero Yacten. & = Wi H,,

roe Wi << 1 - koapuumeHT pafnovyBCTBMTENbHOCTY TKaHEN 1 OpraHoB YenoBeka, Ans obuiero obnyyeHums
yenoseka Wy = 1.

Bospeucreue MMM Ha yenoBeka

MeCTHbIN pa3orpes TKaHen.

¢ [MopoxxaeHne cBo6OAHbIX PaaUKaoB - MOJIEKYJT COAEPXKALLMX OAUH WX ABa HECMapPEeHHbIX 3IEKTPOHA
Ha BHELUHeW 31eKTPOHHON 060104Ke. Takne MosieKy bl UM aToMbl 061a4atoT O4eHb BbICOKOW
XUMUYECKON aKTMBHOCTLIO 1 pa3pyLlatoT 060104KN KNETOK.

MoHM3aumsa aToMOB U MOJIEKYJ, MEXAHW3M BO3ENCTBUA TOT Xe, HO ewwé 6osiee arpeccrBeH.

¢ Pa3pylweHne Mosiekyn B T.4., Monekyn [JHK, a Takxxe HapyLleHne npouecca AeneHns KIeTok.

Mocnepcteus Bo3gencTaus NN MoXXHO pa3gennTb Ha ABe rpynnbl:

o [leTepMnHNpPOBaHHbIE 3hEKTbI, HANPUMep, y4eBON 0XXOr, OCTpas Jy4eBas 60se3Hb U T.4. XapaKTepHbl
ana obnyyeHns 6onbwMMn gosamu.
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e CTOXaCTUYeCKme nnm BEPOATHOCTHbIE 3h(heKThl, XapaKTepunsyoTCsa POCTOM BEPOSATHOCTU PA3BUTUSA TOTO
NN NHOIMo OTKJIOHEHNA B 300pP0OBbE paGOTHVIKa NN ero NnoTomMCTBa, HafnpuMmep, pa3snutune
OHKONOrnyeckux zaboneesaHni Yy pa6OTHVIKa nnn noaBneHune MyTaLI,VIVI Yy €ro noTomMcTBa.

HekoTopble xapaKTepHble [03bl

®doHOoBOE u3ny4veHue Ha 3emie - 2,4 m3s/roa. Mpu 3ToM pa3bpoc No pernoHaM AOBOJILHO 3HAYMTeNEeH OT 1 10
10 m3B/roga.

50 % cMmepTenbHbIA NOPOr NPy 0AHOKPATHOM 061y4YeHN

e 3 -5 3B. [lopa)keHne KOCTHOr0 Mo3ra, cMepTb B TedyeHue 30 - 60 cyTok.
e 5-15 3B. MNopaxeHune nérkux n KT, cmepTb B TeveHune 10 - 20 cyToK.
¢ bonee 15 3B. [NNopaxkeHne HEPBHON CUCTEMbI, CMEPTb B TedeHune 1 - 5 cyTok.

HopMupoBaHue

C 1 ceHTabpa 2010 rona B PO BBeLEHbI B AeiCTBME CaHUTapHble npasunia CaHluH 2.6.1.2523-09 (HPB
99/2009), cornacHoO KOTOpbLIM BCE HacesieHMe pa3geneHo Ha TP KaTeropumn, aAns KoTopbix yCTaHaBANBAOTCS
cnepyoume fonyCcTMble 3KBMBaseHTHbIe 3(heKTHBHbIE 103kl 0BayYeHNs.

pynna HaceneHus OcHoBHble Npefensl 403
Fpynna A - nuua, paboTatowme ¢ TEXHOrE€HHbIMK 20 M3B B roj B cpefiHeM 3a nocjiegHue 5 ner,
NCTOYHUKAMU N3JTyYeHns HO He 6onee 50 M3B B 0MH W3 HUX.
Fpynna b - nvua, Haxogswmecs no ycnosmsam paboTsl B 5 m3B B rof B cpefHEM 3a nocnegHue 5 neT, Ho
cthepe ux sosgencrans MAN He 6onee 12,5 M3B B 0WH U3 HUX.

Fpynna B - BCce HaceneHwue, BKJOYasA JINL U3 NepcoHana,
BHe chepbl 1 YCI0BU B MX NPON3BOACTBEHHOM
neaTenbHoCTH.

1 m3B B roj B CpegHeM 3a nocnegHue 5 neT, HO
He 6onee 2,5 M3B B 04WH N3 HUX.

OCHOBHble npenenbl o3 o6nyqu|/|ﬂ He BKJIloYaloT B cebs f03bl OT npupoaHOro N MeanUMHCKOro o6nyqu|/|ﬂ, a
TakK)xe A03bl BCegctene pagnalMOHHbIX aBapVIVI. Ha 3Tu Buabl OGJ’Iy‘-IEHI/IH YCTaHaBJIMBalOTCA CneunanibHble
OorpaHn4yeHus.

OCITOPB 99-2010, xapKTepHble MeAULNMHCKIME O03bl.

MeToAb! 3aLUMUThI

¢ Nopnbop nepcoHana Ana paboTbl C UCTOYHMKAMM MOHU3MPYIOLWEro n3nyydeHns (MAN) B cooTBeTCTBUN C
MeANLNHCKMMMN NMOKa3aHUAMMN.

¢ [pogheccroHanbHoe obyyeHne npuémam besonacHon paboTsl ¢ MW,

¢ KOHTpPO/b 403, NOJIYy4EHHbIX MEPCOHANOM.

¢ Pa3zpaboTka MeponpuAaTUiA, NO3BONAIOLNX CBECTU K MUHUMYMY FOA0Bble [03bl 06/ly4eHUs nepcoHana.
CnepnoBaHue npuHunny AJIJTOPA. «Tak 6e30nacHo, Kak TOJIbKO BO3MOXKHO».

¢ OrpaHunyeHne BpemeHu Bosgenctauns AN,

¢ YMeHblUleHune paccToaHma go NN,

¢ /Icn0/ib30BaHME 3aLMTHbIX 9KPaHOB.

e Peannsauunsa coumasbHO-3KOHOMNYECKUX NIbFOT NepcoHany (CoKpaLéHHbIN paboynin aeHsb,
LOMOSIHNTENbHbIN ONa4YMBaEMbIN OTMYCK, AOCPOYHbIA BbIXOA Ha MEHCUIO 1 T.4.)
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