§ 10.4. PaonoakTnBHOE U3ny4veHue.

PaanoakTMBHOCTb — CIMOCODOHOCTb HEKOTOPbIX

QOep CamMonpou3BOfIbHO MpeBpallaTbCA B
apyrme sgpa Cc UCMyCcKaHUeM pPas3fnYHbIX BUOOB

PAANOAKTUBHOIMO WU3NYYEHUS U SreMeHTapHbIX
yacTuu,.

Pasnn4yaloTr ecmecmeeHHYH W UCKYCCMBEHHY!HO
PaANOaKTUBHOCTM.

EcmecmeeHHOU paduoakKmueHOCMbIO
Ha3bIBaETCS PagNOaKTUBHOCTD,
Habnogaruwasca y CyLecTByOLWNX B npupoae
HeyCTOUYMBbLIX U30TOMOB (C 84 arnemMeHTa).

0 UckyccmeeHHoU paduoakmueHOCmMbIo
Ha3bIBaETCS PaaNOaKTUBHOCTb N30TOMOB,
NOMy4YEeHHbIX B pe3ynibrate siaepHbIX peakLnm.



PaanoakTuesHOE n3nyyeHue
6bIBAET TpeX TUMOB: d-, P- U Y-
nu3nyyeHue.
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TSNy aenne

O-M3JIy4€eHHE OTKIIOHSCTCS DICKTPUUYCCKUM HU
MAarHuTHBIM TIOJSIMH, OOJIaZaeT BBICOKOU
MOHU3HUPYIOIEH CIHOCOOHOCTBIO M MaJou
IIPOHMKAIOIIEH COOCOOHOCTHIO (MOMIOIIACTCS
caioemM amooMuHus ToamuHoM (0,05MM).

O-M3JIy4CHUE OPEACTABIICT COOOM MOTOK SIIEP
TeIIMs: 3aps] 0-4aCTULBI paBEH +2€, a macca

COBIIAJIAET C MACCOM sApa U30TOIIA Ieaus gHe



AEPTSIT Y STCHIIC

B-usziaydyenue TAKXE OTKJIOHAETCA
MIEKTPUYECKUM W MArHUTHBIM MOJSIMH; €ro
MOHU3HUPYIOIIAsl CIOCOOHOCTh Ha JABa MOpPSOKa
MEHBIIIC YE€M HOHHU3MPYIOIIAs CIIOCOOHOCTH O-
Iy4deH, a HpOHHUKAIOIIAsl CIIOCOOHOCTh, HAIIPOTHB,
ropa3go OOJbIIC O-U3JIy4eHHS (IOIIOIIAeTC
CJI0€M aJTFOMHUHHMS TOJIIIMHOM 2-3 MM.)
B-u3ziayuyeHme 1IpeAcTaBiIsieT COOOM  MOTOK

OBICTPBIX PJICKTPOHOB WJIH ITO3UTPOHOB.

Qe (Bpacman)  ,je (B*pacman)



Y-U3J1y4eHHe HE OTKJIOHSCTCS DICKTPUUYECKUM U
MarHUTHBIM OJISIMH, O0JIaA€T OTHOCHTEIBHO
Cc1a00M HWOHHU3HUPYIOIIEH CHOOCOOHOCTBIO M OYCHB
OOJIBIIION MPOHHUKAIOIIEH CIIOCOOHOCTBIO (HAIIpUMeED,
IIPOXOJAUT CIIOM CBHHIIA TOJIIAHOM 5 CM).
Y-U3JydeHHe IpeACTaBISIET cooou
KOPOTKOBOJIHOBOE JJICKTPOMArHUTHOE H3IYYECHHE C
upe3BblYaiHO Masoil mmHOM BomHbl A<10" M mu,
BCJICJICTBHE 3TOrO, SIPKO BbIPAKCHHBIMU
KOPOYCKYISIPHBIMM  CBOMCTBAMH, T.€. SBJISICTCS
IIOTOKOM YaCTHUIl — Y-KBaHTOB (()OTOHOB).



e Paouoaxkmuenuwiit pacnao

€CTECTBEHHOE PAAOAKTUBH
[IpEBpAICHUE SJIEP, IPOUCXO/]
CaMOIIPOM3BOJIBHO.

e ANp0O, HCTIBITHIBAIOIIIEE
PAJMOAKTUBHBIN pacCIiaj, Ha3bIBACT
MamepuHCKumM, BOSHUKAIOIIEE AP0
HA3bIBACTCS OOYEPHUM.



YHucno agep, pacnagatoLwmxca 3a spemsa dt,
NponopunoHanbHO Ha4vyansHomy 4mncny agep N.

YOobinb -dN vyucna agep: - dN = ANdt.
3aKoH pacnaga nosyvynm, pasgenss
NnepeMeHHbIE N MHTETPUPYS BbIPAKEHME:

rae N, — 4ucno agep B AaHHOM obobeme
BelllecTBa B Ha4YarnbHbI MOMEHT BpeMeHU, |
=0, N — 4ymncno agep B TOM Xe obbeme K
MOMEHTY BpeMeHMu L.



[Tony4yaem, 4TO caMONpPOn3BOSIbHLIN pacnan aTOMHbIX
aaep NoavYnHAETCHd 3aKoHY pagnoakTUBHOMo pacnaga:

A — TMOCTOsiHHas pacnaga, Wmerwas CMbICH
BEPOATHOCTU pacnaga sapa 3a 1 ¢ n paBHas gone
qQaep, pacnagatroLlmxcs B eAuHULY BPEMEHM

MHTEHCMBHOCTb MpoLiecca pagnoakTUBHOIO pacnaga
XapaKkTepu3yoT ABe BENMUYMHbI: NEPUOA nonypacnaga
T,, U cpedHee BpeMsl XMU3HW T PaanoakTUBHOIO sapa.



[lepuog nonypacnaga T,,, — Bpewms, 3a
KOTOpPOE UCXOQ4HOE YMCIO paanoakTUBHbLIX S4ep
B CpeAHeEM YMeHbLLIAaeTCHa BOBOeE:

CymMmapHas npoaormKNTenbHOCTb Xn3Hu dN

auep pasHa tdN=tANdLt.

CpeaHee BpeEMS XKU3HU T OJ151 BCEX
nepBOHa4YanbHO CyLLECTBOBABLUMX SO€EP:



AKmueHocmbio A HyKnuga B
pagnoakTMBHOM UCTOYHUKE Ha3bIBAETCAH
4YMCIo pacnagos, Npoucxoasdwmx ¢ agpamm

obpasya B 1 c: A d_N
dt

EduHuua akmueHocmu — 6ekkepenb (bk):
1 BK — aKTUBHOCTb HYKNnaa, Npu KOTOpOK 3a
1 ¢ npoucxoauT OauH aKT pacnaja.
BHecuctemHasa eanHuya — kropm (Kun)

~ 39' 1 Kn=3,7-10"° Bk.
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§ 10.6. NNpaBuna cMmeLwleHuns.

* [1pn pagnoakTMBHOM pacnae BbIMNOMNMHAETCA 3aKOH
COXpPaHEHUA ANeKTPUYeCKnX 3apsaaoB U 3aKOH COXpaHeHUs
MaCCOBBbIX Yncen.

CrnencTBMeM 3TUX 3aKOHOB SABMSAOTCS NpaBua CMeLLeHUs,
NO3BONSAOLLNE YCTAHOBUTb, Kakoe AP0 BO3HUKAET B
pe3ynbrate pacnaga AaHHOro MaTepuHCKOro sapa B
pas3nnYHbIX TUNax pagnoakTUBHOIO pacnaga.

 lna a-pacnapga: A A-4 4
7 X—>~7 _>Y+,He

. Ona B-pacnapa:

‘%X—) 7 f‘lY+_? e

Pals %X — MarTepuHckoe aapo, Y — CUMBOI
OoYepHero aapa, ‘He — Aapo renusa (a-4acrtuua),
0e — cumBonunyeckoe obo3Ha4eHne aNeKTpoHa.



BosHukalwine B pesyneraTte
paanoakTUBHOIO pacrnaga sapa MoryT ObiTb,
B CBOIO ovepeb, pagnoakTUBHbBIMW.

OTO NPUBOAUT K BO3HUKHOBEHUIO UENOoYKU,
nnn psida paduoakmueHbIX
npeepauwjeHuu, 3akaH4MBaloLLMXCS
CTabUnNbHbIM 3NIEMEHTOM.

COBOKYMNMHOCTb 3f1IEMEHTOB, 00pa3yoLLMX
TaKyo LEeno4yky, Ha3blBaeTCH
paduoaKmueHbIM ceMelicCmeom.



PaaunoakTuBHbIe ceMencTBa :

238y 2327y,
Va,p 4 a,p 235 Ac 23T Np

206 2
> Pb Pb Va,p 4a [3
207 Pb 209



B OCHOBHOM o-pacnaj XapakKTepeH ANa TaXenblX
apnep (A>200, Z>82). a-pacnag noa4YMHSETCS
NpaBuly CMeELleHns, HanpuMmep, pacnaj wu3oTona
ypaHa npmBoanT K 06pa3oBaHUIO TOPUS:

CornacHO  COBpPeMeHHbIM  MpeacTaB/eHusaM,  ao-
YacTuubl 06pa3yloTCsd BHYTPU  TSDKenbiX  s4ep
BCneacTtesMe obbeauHeHns ABYX MPOTOHOB WM ABYX
HEUTPOHOB. Takad o06pa3oBaBlIAsACcad  4acTuua
CU/IbHee OTTa/IKUBAETCA OT OCTaBLUMXCS MPOTOHOB
q7pa, YeM OTAesibHble MPOTOHbI. OAHOBPEMEHHO «-
4yacTuua NCNbITbIBAET MEHbLLEee aaepHoe
NPUTSXKEHUS K HYK/IOHaM B Si4pe, YEM OTAENbHbIE
HYK/1OHb!.



[1pn 6eTa-pacnage 94po UCNyCKaeT
3/1eKTPOH U 3N1EKTPOHHOE
aHTUHEUTPUHO.

3-2N1EKTPOHbI POXAAOTCS B

pe3y/ibTaTe NMpoLeccos,

NPOUCXOAALLMX BHYTPU s4pa Npw
1NPEBPALLEHKY OAHQLO BMAA HYK/IOHA B
W loeg G fa)ine P S ST AHTMHENTPVHO




/

[aMMa-u3nyyeHne SBMSETCH  Kecin . 'M
N3NTy4eHNEM, 3SHeprns KOTOPOro MCrycKaeTcs
npu nepexogax saaep w3  BO36YyXAEHHbIX
SHEpPreTUYeckMx COCTOSSHUN B OCHOBHOE WU
MeHee BO036y)AeHHble COCTOSHUS, a TaKXe npu
ANEePHbIX peakumsiX.

Y-U3ny4yeHue HECaMOCTOSTENbHbIV TUM
PAANOAKTUBHOCTMW. OHOo COMpOBOXAaeT
npoueccsl a- WU [-pacnafoB U He BbI3blBaeT
M3MEeHeHUs 3apsaa M MacCoBOro Yncna saep.

Y-U3lydeHne WUCryckaeTcsd AodyepHuMm (a He
MaTEPUHCKNM) 94PpOM, KOTOPOE B MOMEHT CBOEro
06pa30BaHMNS OKa3bIBAETCS BO3OY>KAEHHbIM.

CneKkTp Y-U3ydyeHus aBnseTcs JIMHeENYaTbiM, YTO
[IOKa3blBAET ~ AWCKPETHOCTb  3HEPreTUHECKMX
COCTOSIHUN aTOMHbIX S4ep.



§ 10.5. NMpubopbl Ana perncrpaunmn

pPaanNOaKTUBHbLIX U3NTY4YeHUN U YacTul.

- HabnogeHne ©n  peructpauusa  pagmoakTUBHbIX
N3NY4YEHNN N YaCcTUL, OCHOBAHbI HA NUX CMOCOBHOCTU
NPoOnU3BOANTb UOHU3ALUIO UM BO3DYXOEHNE aTOMOB
cpeasbl.

* CUMHTUNNAUMOHHBLIA  CYETYUK —  [OEeTeKTop
SAEepPHbIX YacTUL, OCHOBHbIMWN 3fIEMEHTaMU KOTOPOro
ABMAKTCA  CcUMHTUNNATOP  (KpucTannodocdgop,
M3nyyatroLnn BCMbILLKM CBETA NpM nonagaHun B HEro
yacTuy) M POTOSNEKTPOHHbLIN YMHOXUTENDL (PIY),
No3BONMAOLWNN npeobpasoBaTb Criabble CBETOBbLIE
BCMLILLUKM B 3MNeKTpuU4yeckne UMNysrbCbl, KOTOpbIE
PEMMCTPUPYIOTCS SNIEKTPOHHOM annapaTypoun.




MoHU3aLUUOHHbIE CYETYUKU — 3arorfiHeHHble ra3oMm
ONEeKTpUYeckne KoHOeHcaTopbl — AOETEeKTOopbl YacTul,
OCHOBaHHblE Ha CMOCOOHOCTU 3apsKeHHbIX 4acTuy
Bbl3blBaTb  WMOHM3aUUKO  rasa, C  nocrnegyroLlen

peructpaumen uMnynbcoB Toka. [lpumep — cyeTymk
[enrepa-Mionnepa.
[NonynpoBOAHUKOBbLIE CYETUYUKMU —

NonynpoBOAHUKOBLIE  AMoAbl, MNPOXOXOeHne  4Yepes
KOTOpblE  pPerucTtpupyemblXx  4actuy, npuBoguT K
NOABMNEHUIO SNIEKTPUYECKOro ToKa Yepes amoa.

Kamepa BunbcoHa — uunmHap ¢ NnNOTHO npureratoLwmm
NOPLUHEM, 3amnofiHEHHbIW HeuTpanbHbIM rasom. [lpwu
pe3koMm (agmabaTnyeckom) pacluMpeHUn ras3 CTaHOBUTCH
NepeChLILLEHHbIM U Ha TPAEKTOPUAX YacTuLl, NPOosSieTeBLLUNX
yepe3 Kamepy, obpasyloTcd TPeKn M3 TymaHa, KOTopble
dooTorpaupytoTcs.




[ly3blpbKOoBas Kamepa — KOHCTPYKTUBHO MOXOXadA Ha Kamepy
BunbcoHa 1M 3anonHeHHas  nNpo3padHoOu  Meperpetou
Xugkoctblo. [lponetaiowad 4epe3 Kamepy 3apaxeHHas
YacTuLa Bbl3blBAET Pe3KOE BCKUMAHUE XNOKOCTU, N TPaeKTopus
YacTULbl OKa3blBaeTcsd OOO3HAYEHHOW LEMNOYKOM My3bIPbKOB
raza — obpasysa TpeK, KOTOpbIN KakKk U B Kamepe BunbCcoHa,
dooTorpadupyetcq.

AnepHble doTOoaIMYnNbLCUU — TOJICTOCIIOMHbIE
doTorpadpuyeckne 9oMynbCUKU, NPOXOXKAEHNE 3apPAXKEHHbIX
YacTuL, Yepe3 KOTOpLIE BbI3bIBAET MOHU3ALNIO, NMPUBOASALLYIO K
obpas3oBaHMI0 CKpbITOro unsobpaxeHusa B amynbcun. [locne
NPOSABMEHUST cneabl 3apsKeHHbIX YacTul, obHapyXuBarTCHa B
BUOE LENOYKM 3epeH MeTannuyeckoro cepebpa. [[Onga
nccrnegoBaHUM BbICOKOSHEPreTUYHbIX YacTul, WCMOSb3YHTCSH
CTOMbl NNACTUHOK — OOnblUOE YUCIIO MAaPKUPOBAHHbIX
d>OTOSMYNBLCUOHHbLIX M1ACTUHOK, MOMeLLaeMbIX Ha NMyTU YacTul
N Nocne NposBNeHns NpomMepaeMbiX Nog MUKPOCKOMOM.




