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1. Uctopuyeckoe BBegeHue

Camonpown3BorbHOE (CMoOHTaHHOE) NpeBpaLLEHNEe OOHUX aTOMHbIX S4ep B Apyrue,
COMpPOBOX4aeMoe UCMYCKaHNEM OOHOM MMM HECKOSbKNX YacTuL,, HasbliBaeTcs
paduoaKkmueHoOCMbHO.

YCnoBunmch cynTaTh, YTO BPEMSI PaanOaKTUBHOMO pacnaja si4ep COCTaBMsieT HE MeHee
1012 ¢c. 3a 310 Bpemsi npoucxoauT 6onbLLOE YMCIOo pasHOObpasHbIX BHYTPUAOEPHbIX
NPOLEeCCOB, MOTHOCTBIO (POPMUPYIOLLMX BHOBb OOpa3oBaBLLeecs A4po

Periodic Table of the Radioactive Elements
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B 1896 1. A. Bekkepenb HeoXnaaHHO 0BHaPYXUI HEM3BECTHOE paHee BbICOKOMPOHUKatoLLee
U3ny4yeHune, KOTOPOE UCMycKanu conuv ypaHa.
Torga cuMTanoch, YTO 3TO U3NyYeHUe CBA3aHO C aTOMHbIMM Npoueccamun. C OTKpbITUEM

aTOMHbIX i4ep CTasno SICHO, YTO 3TO BHYTPUSAEPHbIN NPOLECC, MONYYMBLUNIA HA3BaHWeE
paduoakmueHocmu.

«51 ocobeHHO Hacmauearo Ha credyrwemMm akme, KaxXywemcss MHe eecbMa AHTyaH bekkepernb
MHO203Ha4yumersbHbIM... Te xe Kpucmarnbl, codepxawuecs 8 meMHome, 8 yCrio8UsIX (1852-1908)
Koeda B03HUKHOBeHUe paduayuu rnod OelicmeueM COJTHEYHO20 ceema UCK/IYaemcs,
darom, memMm He MeHee, homoepaghuydeckue omnedamku»

Wccnenysa nanydeHne ypaHoBou conu, 3. Pesepdopg (1898 r.) nokasan, 4To OHO
COCTOUT U3 ABYX KOMMOHEHT.

1) CwunbHO nornowaemMoe TOHKUMU (horbramm n3nyyeHne, HassaHHoe
O-n3ny4yeHnem (No3xe Oblfo YCTAHOBIIEHO, YTO OHO COCTOUT U3 A4ep aTOMOB
4He).

2) bonee cnabo nornowaemoe nsnyvyeHme, Ha3BaHHoe B-u3anyyeHnem. boino
YCT@HOBIEHO, YTO YaCTULbl 3TOTO MU3NyYEHUS UMEIOT MacCy SM1EKTPOHA.

M3BecTHbl 3 TMNa B-pacnaga aaep: B+-pacnag, B-pacnag, e-3axear.

antdga HacTHIk

Serawacramnt Ml N
Uepes gBa roga (1900 r.) M. Bunnapa obHapyxun ewé ogHy
HenTpanbHy0 KOMMNOHEHTY U3My4YeHns ypaHOBOM COMu, S o =
Ha3BaHHYIO y-U3nyvyeHmnem. raMMa KBaHThI

sywara \




" J
Bcnep 3a oTkpbITMEM pagnoakTuBHoOro ypaHa U (Z = 92) 6bina obHapyxeHa pagnoaktmBHocTb Topusa Th (Z = 90).
B 1898 r. cynpyrn M. n I'. Kiopn OTKpbIfiM ABa HOBbIX pagMOaKTUBHbIX 3fieMeHTa — nonoHun Po (Z = 84) n pagui Ra (Z = 88).

B 1903 r. 3. Pe3epdopa n ®. Conam BbISICHUIN, YTO UCMYyCKaHNE O-TTy4eln CONpPOBOXAAETCA NpeBpaLLeHneM XUMNYECKNX
3NIEMEHTOB: XMMUYECKNI areMEHT paanin Ra npespalyancsa B XMMUYeCKUn anemMeHT pagoH Rn, ypaH U npespawancsa B Topun Th.

B pesynbraTe umkna akcnepuMeHTarnbHbIX UCCReAoBaHUN BbINo NokasaHo, YTo B
COCTaB aTOMHbIX SiAep BXoAAT NpoToHbl (1919 ., 3. Pesepdopa) n HENTPOHLI (1932,
. Yapsuk), n B 1932 r. [. UBaHeHko, B. lenseHbeprom n 3. MarnopaHa 6bina
npegroXxeHa NpPoOTOH-HENTPOHHAA Moeslb aTOMHOro a4pa.

B 1934 r. cynpyramu U. n ®. Xonwno-Kiopu 6bina oTkpbITa UCKyCCTBEHHASNA
(HaBegéHHasi) paguoaKkTUBHOCTb.

B 1938 r. O. NaHH 1 @. WtpaccmaH obHapyxunu pacnag saep ypaHa Ha Tsxenble
OCKOJK/ Noa AeNCcTBMEM HEUTPOHOB.

B 1940 r. I. H. ®nepos 1 K.A. lNeTpxak OTKPpbINN CNOHTaHHOE AerneHne saep ypaHa

B 1950 r. M. UHrpam n [x. PenHonac obHapyxunnu saeneHme deoliHo2o B-pacnada:
nsoton 139Te npeBpaLluancs B nsoton 13%Xe ¢ ogHOBpeMEeHHbLIM UCNyCKaHNEM OBYX
3NEeKTPOHOB U ABYX aHTUHeNTpuHO. C Tex nop uccregoBaHue siBneHust ABOMHOIO [3-
pacnaga ctano ogHUM X 3(PPEKTUBHBIX METOL0B U3Yy4EeHUSI CBOMCTB HENTPUHO,
nposepkn CtaHgapTHon Mogenu.

B 1981 r. 6bin1a OoTKpbITa NPOTOHHAA paanoakTuBHOCTL (C. XodmaH)

B 1984 r. I. Poys, I'. [xoHC 1 He3aBucumo [. AnekcanHgpoB 0BHapyXunum, 4to npu
pacnage 22°Ra npoucxoauT UCMyCKaHUe He TOMbKO a-4acTul, HO 1 Bonee Tskenbix
dparmeHTOB. Tak bbina oTKpbITa KJ1TacmepHasi paduoakmueHocme. C Tex nop
KnactepHbI pacnag obHapyxeH 6onee 4yem Ha 10 sgpax ot Fr go Cm.

B 2002 r. J.Giovinazzo, B. Blank et al n HesaBucumo M.Pfutzner, E.Badura et al
OTKPbIN 08y XMPOMOHHY paduoakKmueHOCMb.
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Decay Type Radiation Emitted Generic Equation Model
4 A Ty e
Alpha decay 5« ZX b Z—ZX 3 — ‘8‘
Parent Daughter Alpha
Particle
0 A Ay + 0
Beta decay 1B ZX —>, X+ B — @ )
Parent Daughter Beta
Particle
Positron emission 1 B ZX _’2—1 X ++1 B —_— @
Parent Daughter Positron
Electron capture X rays éx + _?e —»Z_f X'+ Xray e — @ NANN P
Parent Electron Daughter Xray
0 Relaxation 0
Gamma emission oY éX* —_— ZX' %57 — ‘ NN
Parent Daughter Gamma ray
(excited nuclear state)
9
Spontaneous B i 1
Neutrons A+B+Cy — Ay 4 Bx' 4+ clp -
fission Zrs Z "+ o
\ Y
ENERGY
9
Parent Neutrons
(unstable)

Daughters




B HacTosiLLee BpeMsi 3BeCTHO ~3500 L N-Z duazpamma amomHbIx sidep
aTOMHbIX SiAEP, NPEACTaBNSIOLMX COBOW

u
-
pasnnyHblie codeTaHnA Yncer npoToHOB Zn I[]O ' .'r"!

HenTpoHoB N ol

Mo cywecTByOLWMM OLEHKAM YMCITO aTOMHbIX r r
aaep moxet coctaBnaTtb ~7000.

N3 obero Yncna ~3500 n3BeCcTHbIX aTOMHbIX
anep cmabunbHbIMu sienisiromcesi ~350 s10ep.

Y 45 uzomonoes nepwop nonypacnazga
conoctaBuM unu 6onbLue Bo3pacTta
BcenenHon (13.7-10° ner).

U3omonski — aToOMHbIE Apa, umetomne
OOWHAKOBOE YNCIIO MPOTOHOB (Z = const) n
pasHOE YMCO HEUTPOHOB.

HN30moHbI — aTOMHbIE si4pa, uMeroLme
OOWHaKOBOE YnNCNo HeUTpoHoB (N = const) u
pasHoe YNCII0 NPOTOHOB.

U306apbi — aTOMHbIE SApa, MMetoLme
oavHakoBoe maccoBoe Ymcno A (A =2+ N) u

pasHble Yncna HeMTPOHOB 1 MPOTOHOB.
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N3oTonb! (Ca, Z=20)

41Ca 42Ca 43Ca 44 45Ca
MMZE+S Y STABLE STABLE STABLE 16261D ¢}

p-: 100.00%

43Ar 44Ar
S37M 1187 M 21485

p-:10000% $-:10000% B-: 100.00%

440
056%S

b p-: 100.00%
B-n « 8.00%

435
0.285

16
p~: 100.00%
p-n: 40.00%

27

N30T0oHBbI (N=20) N3006apbi (A=40)
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MuaHMATBHOE
IopAakoBEIi Cmvson Hasgamne —MAKCHMAJLHOE MACCOBOE TlopAIKOBEIi Cavzor Hazsamme ™M aerz:::?;h::imnoe
momep, Z XHMHYECKOT0 | XAMHYECKOT0 THCI0 H30TOMA HoMep, Z XHMHYECKOTO | XAMAYECKOT0 10 H30TOMA
SIEMERTA SAeverTa XHMHATECKOTO /TeMeHTA dremera e XHMHTECKOro 31eEMEHTA
0 n HeHTpoH 1 .
1 BOZOPOST 1-7
2 He — 3-10 74 W BOJIBhpaMm 158-192
3 Li [— 312 75 Re peHHH 159-194
76 Os OCMHH 162-200
4 Be OepHITHI 5-16 e Ir —— 164202
5 B Gop 6-19 78 Pt rTaTHHa 166-203
6 C YIIepox 8-22 79 Au 3010TO 169205
7 N azoT 10-25 80 Hg PIVIB 171-210
2 0 KHCIOPOS 12-28 81 T1 TaITHHA 176-212
9 F dbTop 14-31 82 Pb CBHHEIl 178-215
10 Ne HeOM 1634 83 Bi BHCMYT 184-218
84 Po MOTOHHH 188-220
11 Na HATpHH 18-37
85 At acrar 191-223
12 Mg MarHuH 19-40 36 Rn paton 193-228
13 Al ATFOMHHHE 21-43 ]7 Fr panmmii 199-232
14 Si KpeMHHH 22-44 88 Ra pamui 201-234
89 Ac AKTHHHH 206-236
" 90 Th TOpHH 208-238
91 Pa NpoTakTHHHH 212-240
92 U ypas 217-242
93 Np HenTyHHH 225-244
94 Pu ILTYTOHHH 228-247
95 Am aMepHITHH 230-249
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i / Ka>kablii M3 HAC M3nyqaeT 2 Mmmnap,qa HeHTPUHO B
& AeHb 3a cYET beTa-pacnaga n3oronos ~
<1 14C(20T1bIC/ Ccek) n 10K (4T1biCc/CceK) B Hawnx TKaHax!
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MHorue nrogu XMNBYT B YCIIOBUAX, KOrga pagnoakTuBHasA Harpy3ka Ha Teso
3HA4YUTeJ1IbHO Bbille CTaTUCTUYHECKHU cpe.quﬁ.

Hanpuwmep, gecatkm tbicay nogen Ha KpanHem CeBepe nuTaroTcs B
OCHOBHOM MSICOM CEeBEpPHOro oneHsa (Kapuody), B KOTOPOM NMPUCYTCTBYIOT B
AOBOJIbHO BbICOKOU KOHLIEHTpauun Hyknuabl cBuHLa-210 n nonoHma-210.
3TN U30ToNbI NONaaalT B OpraHM3M OfieHeu 3MMOMN, Koraa OHU NUTaKTCA

NULLIaNHMKaMU, B KOTOPbIX HaKannmBarTcAa ob6a nsorona. [1o3bl
BHYTpPEeHHero obny4yeHus yesrioBeka ot nonoHusn-210 B 3aTom cnyyae MoryT B
35 pa3 npeebiwamb cpedHUU YPOBEHb.

A B apyrom nonyLwapum nogu, XuBywmue B 3arnadHou Aecmpasiuu e
Mecmax ¢ noebiWeHHOU KOHUeHmpauuet ypaHa, nosiy4yarom 003bi
obny4eHusi, 8 75 pa3 npesocxoodsiujue cpedHuUll ypo8eHb, NOCKONbKY eaaT
MSACO U Tpebyxy oBeL, U KeHrypy.
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2. 3aKOH paguoaKkTUBHOro pacnaga

Heobxoanmoe ycnoBue: M[- > ZMf OHeproBbiaeneHue peakumm: Q = (MI. — ZM{ )02

IMocTosHEAA pacnajaa A - BEPOATHOCTE paclajia Sapa B eIHHHITY BpeMeHH.

Ecan B o6pasue B MOMeHT BpeMeHH t HMeeTcs N paaHoaKTHBHBIX AJep, TO KOTHYecTBO Axep dN,

pacmaBIIHXCA 3a BpeMa dt mpomopuHOHATEHO N. _ .
The curve representing the law of radioactive

decay is shown as below:

dN = -ANdt.
[TponHTerpHPORAE (1) MOTyYHM 3aKOH PaTHOAKTHEHOTO pacriaia
N(t) = Nge™. 3 ]‘
i
Np - KOTHYECTBO paTHOAKTHBHEIX fA71ep B MOMeHT BpeMeHH t = 0. g =
B
CpeaHee BpeMs RH3HH T - 3 §
:
z
=]
Jtl b/ | dt
= _ l ) Ty 2Ty 3Typ2 T4 STy
0 % Time (t) —»
I| dN/dt | o Decay curve for a radioactive element )
0
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After 1 Half-Life
After 2 Half-Lives

md BT

H'E]]HD,II; mogypacmama Tl,-‘j_ - BpEMA, 34 KOTOPOC IIEPEOHAYAIBHOC KOIIHYESCTBO PATHOAKTHEHBIX AICD
YMCHBITHTCA B [IBa Pasa

T1» = In2/A=0.693/} = 1ln2. (4)
AKTHBHOCTB A - cpelHee KOJHIECTBO AIep PACIIATAIONIHXCA B €THHHITY BpeMeHH
A(t) = AN(1). (5)
AKTHBHOCTE HaMepAeTca B KiopH (KH) B 6exkkepenax (Bk)

1 Ku=3.7-10" pacmamos/c,
1 Bk =1 pacnaxn/c.
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Decay curve for a sample containing a mixture of 84Cu (12.7 h) and ®'Cu (3.4 h)
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Pa3zeemesnéHHbIlU pacrnad

226
89Ac137
226 o 29 h
ggRajzg 7% 7 8- 83%
—— A
1.1 MeV
1600y 0.64 Mev = KoaddumumeHTbl BeTBRNEHUA
288 Thi36 (branching ratio):
(04 ¥ w
4.6 MeV o emission (0.006%)
o5 Mey B~ emission (83%)
(9]
4.8 MeV 0.006%
e (17%)
0.186 Mev 0.3 ns
0 e "
222 222
geRn136 87Fr13s
Mepuoabl nonypacnapa:
KoHcTaHTbI pacnaaa: MonHbyii pvioA yp A
MonHas

0.693 1 o T
ks ~0.024h 1 =6.6x10%s
SY)

EduHcmeeHHo
Habnrodaembil Ons
akmueHocmu u3omona

226Ac
MapumanbHbie MapumansHele
0.693
)\B=0.83>\1=5.5><10‘6 t1/2_3=—)\—=1.3x105s=35h
B
17X, =11 x 10~ 0.693
A ‘ ™ = 6.1 x10°s =170h
A, ~6X 10, =4X10""s ‘
St 1.7 X 10°s = 55
= — =1,/ X =
L2, a X $ y
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3. CnoxHbIin pagnoakTUBHbIN pacnag

% YacTo npoayKThl pacnazia

Sr— PRb+et +v,  (2.25min) 44710 qet
PaJguOAKTUBHBIX SIICP TOXKE L BKr4et+v, (229 min) 234 -
SIBJIISIFOTCS PaUOAKTUBHBIMUA . S Br+e"+v,  (35.04 hours) Zpae 70 ¢
OTO NPUBOANUT K LEMOYKAM 246-10° e, P4
] 2 T T
acrnaja.
P a 7,34-10% qer

% Ha pucyHke nokazaHa 1600 e, #Ra

3aBUCUMOCTD 4YucCiia gaacep oT

382 tyrl/ [“*Rn

BPEMEHMU, [J151

OTHOCHTEILHOE YHUCTIO S1ep

MnocCJICAOBATCIILHOT'O paCHaﬂa . 210 mun Py
{‘
_79Q+ 79 ;i 214py, oL -pacian
Tpex saep A-7°St, B-7°Rb u e
i '02 L 1 1 1
€ FKi, 0 500 1000 1500 2000 2500 19,0 wppef | W M B-pactag
210 204p
Bpewms ¢ 13 Led-10"
0o PN 210,
507 ey 210D,
a0 Db, I3 4 cwT
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Pacnang HexogHoro Agpa 1 B Agpo 2, ¢ IOCIeIVIOIIHM €r0 paclaJgoM B AOpo 3, OMHCEIBASTCA CHCTEMOH
mubdepeHIIHATLHEIX YpaBHEHHH
dNi/dt = -2 1N
dNo/dt = -3oN>2 +hNy,
roe Ni(t) # Ny(t) -koaHgecTBO Aaep, a A1 HA) - TOCTOAHHEIE pacnana anep 1 H 2 COOTBETICTBEHHO.
PemenneM CHCTeMEI ¢ HadalbHBEIMH yeIoBHAMH N1(0) = Nip: N2(0) = 0 6ymet
N (t) = Nyge ™.
Nigh , - -
Ny(t)= 1oL (e™4t - e~
Ay~
A - Ini{Ay £ A
KomH4ecTBo Aep 2 JOCTHraeT MaKCHMAIBHOIO 3HadYeHHA 15 = }L—lef: At opH tT = % :
2 e
2 1 Ecan 4 =h (2) =(1) ), cymMMapHAd aKTHBHOCTE BHa4alIe
Ecam Ay < A (Tﬂ-% }TI{I% ). CYMMapHAad akKTHBHOCTE 2 FA (T1,r2 TIIZ) cyMmap
Ni(t)i1 + Na(t)A, 6yaeT MOHOTOHHO YMEHBIIATHCA. pacTeT 3a cHeT HAKOILTEHHA A1ep 2.
350
800
300

700 - =
3 800 A =34 § A0 N At ta =3k
8 500 £ 200 1
E 400 s 150 An .
E 300 < 100
< 200 50 e,

100 0 E—— -

¢ 0 50 100 150 200 21

0 50 100 150 200 1




Ecau Ay ==}, IpH gocTaTO49HO GOTBIMTHX BpeMeHaX BKIAI
BTOPOH 3KCIIOHEHTEI CTAHOBHTCH MpeHeOpeskHMO Ma,

II0 CPABHEHHIO CO BKJIAIOM IIEPBOH H aKTHBHOCTH BTOPOTO
As = N> H mepBoro H30TomOE A1 = AN IpaKTHISCKH
cpapHAOTCA. B mansHeHmeM akTHBHOCTH KakK IIEPBOTO TaK H
BTOPOrO H30TONOB OYIYyT H3MEHATECA BO BPEMEHH
OIHHAKOEO.

At )
Ai(t) =Nk ® =Nk = Ax(t) = Na(t)ha.

To ectn YCTAHABIHBACTCA TdK HA3SBIBACMOC BEROBOE PABHOBeCHE, IIPH KOTOPDOM HHCIIO AMCD H30TOIIOE B
HIEMMOYEKS PACIaTOoB CEASAHO C ITOCTOAHHBIMH PAacIlaia (HEPHDZ[MIH HDJ}’p&CHE}Iﬂ) IIPOCTBIM COOTHOIIICHHEM.

[To3ToMy B ecTeCTBEHHOM COCTOSHHH BCE H30TOIE], T[eHeTHYECKH CBA3aHHEIE B PATHOAKTHEHBIX pAIax,
0OBITHO HAXOJATCA B OIpede/IeHHBIX KOTHISCTBEHHEIX COOTHOIIEHHAX, 3aBHCAIIHX 0T HX ITePHOJIOB
noaypacmajia.
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B o6mem cirygae, Koraa HMeeTcd IIeNoYKa pacnanoB 1—2—...n, Ipolecc OMHCBIBaeTCa CHCTEMOH
nHdbepeHNHATLHBIX VPABHEHHH

dNy/dt = -A;N; +Ai.1Nj.1. (10)

PemrenneMm cHcTeME! (10) 4719 akTHBHOCTeH ¢ HagaTbHEIMH yeadoBHAMH N1(0) = Nig: Nj(0) = 0 6yzet

pil
An(t) = Nyg > gge™, (11)
=1
roe
bil
[ ]
Cpy = — Lot _ (12)

l—[-(;,., ~Am)

1=]

IIITpHx 03Ha49aeT, 4TO B MPOH3BEISHHH, KOTOPOE HAXOHTCA B 3HAMeHAaTeIe, OIyCKAeTCA MHOMKHTEE C
i=m.
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4. Paguon3oTtonHoe gatupoBaHue

KonuyecTeo noboro paguoakTMBHOMO M30TOMNa YMEHLLWAETCA CO BpEMEHEM MO 3KCNOHeHUManbLHOMY 3aKoHY

N(t)
No

roe:

. E—J\t? _ 2—1‘;"1"1.;_-)_

N — KONnYecTBO aTOMOB B HauarbHbIi MOMEHT,
Pf(f.) — KONWYecTBO aTOMOB Mo NPOLIECTBUW BpeMeHn 1,

A\ — nocToAHHaA pacnaga.

Mcxona us Toro, Kakaa JacTe paguon3oTona pacnanachk 2a HeKoTopoe BpeMa, MOXHO paccuyuTaTs Bpems

N(t)
t = =T log, %

I'Iepmop, nonypacnaga He 3aBUCUT OT TeMnepaTypbl, AaBJ1IEHNA, XUMNYECKOIo OKpy>XXeHNA, UHTEHCUBHOCTU
ANEeKTPOMarHnTHbIX nonen. EQMHCTBEHHOE N3BECTHOE UCKNIOYEHNE OTHOCUTCS K TEM M30TOMNam, KOTOpPblE pacnagatoTca
I'IyTéM QNEKTPOHHOIO 3axBaTa: Y HUX €CTb 3aBUCMMOCTb CKOPOCTU pacnaga oT SﬂeKTDOHHOVI NINOTHOCTU B pa|7|0He Aa0pa.

MpuHUMNuanbHasa cxeMa onpegeneHuns Bo3pacTta obpasua cocTouT B cneagyrowem. Mamepsetcs OTHOLEHME COAepKaHs
B nccrnegyemom obpasLe AByX M30TOMOB, OOAUH N3 KOTOPbIX SBMSETCA pagnoakTUBHbLIM, a APYrol pagmMoreHHbIM NpoayKTOM
pacnaga n cpaBHMBAETCS C aHaNorM4HbIM OTHOLLEHMEM, KOTOPOE NnpeanonaraeTcs M3BeCTHbIM B MOMEHT 06pa3oBaHus
obpasua.

[MaBHbI€ UCTOYHWUKM TPYQHOCTEN AN Paanon3oTONHOrO 4aTMPOBaHMs — 3TO 0OMeH BELEeCTBOM MexXay uccnegyemMmbiM
00BLEKTOM M OKpyXKatoLlen cpeaon, KOTopbIn MOr NPOMCXOAUTb Nocne obpa3oBaHus 0ObekTa, N HeonpeaenéHHOCTb
Ha4yanbHOro M30TOMHOIO N AfIEMEHTHOrO COCTaBa. 24
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B kauectBe paanoakTUBHbIX M30TOMNOB B ﬂ,ﬂ,epHOI7I XpOHOOornn BbI6VIpaI-0TCFI

Aonroxmeywme n3otonbl pagnoakTUBHbIX CEMEWCTB,

aonroxmeyuwimne pagmnoaktTnBHble U30TOMNbI, o6pa3yrou.|,|/1ec;| npu B3aMMOLENCTBMN KOCMUYECKNX nyqe|7| Cc A4apamu

aTtmocdepbl 3emnu,

aonroxmeyuwimne pagmnoaktTnBHble U30TOMNbI, o6paaoBaBume0ﬂ BO BpeMA (bOpMI/IpOBaHI/IFI CornHe4yHom cucTeMbI.

HzoTonsl, Hcooab3VeMblIe B AAepHOH XPOHOIOTHH

Hcexoaabrii Ilepnoa moaypacmaaa, PacnpocrpanenHocTs, Anpo-

HIOTOI JIeT %o OpoIvVET
M 5700 N
¢ 1.238-10° 0.0117 “PAr
pt, 481-10" 27.84 VS
1291 1.57-10° 1%
*Th 1.40-10" 100 25py,
By 7.04-10° 0.7204 py
By 4.468-10° 99.2742 05py
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Tak B MOMEHT o6pasoBaH|/|;| ConHe4yHom cUCTEMbI OTHOLLIEHUS N30TOMNOB ypaHa 1 TopunAa CoCTaBIiAIn
235238y = 0.3, 232Th/3Th = 35,
B HacTodllee BpeMAa 3TN OTHOLLUEHUA paBHbI
235238 = 7.3-103, 232Th/23Th = 4

YTO NO3BOMSET OLEHNTb Bo3pacT ConHe4yHou cuctembl t = 4.5-10° nert.

B reoxXpoHOoNornn ncnorb3yeTcsda HECKOJIbKO METOOOB.

YpaH, TOpun-CBMHLUOBbLIN METOL.
CBUWHLOBbLIN MeTOA.
Kanun-aproHoBbi MeToA.
Pybngun-ctpoHumneBbIn METOL.

PR

YpaH-CBMHLOBLIN METOL — OAMH N3 CaMbIX CTapbIX U XOPOLLO pa3paboTaHHbIX CNocoboB pagnon30TONHOMO AaTUPOBAHNUSA 1,
Npwn XOPOLLEM UCMOJTHEHNN, CaMblil HAOEXHbBIA MeToq Anst 06pa3uoB C BO3pacTOM Nopsiaka COTEH MUIITMOHOB NeET.
Mpwn Takom Bo3pacTe OCTMXKUMA TOYHOCTb nopsagka 0,1 %
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220 - I [ [ NH: Vermuntsee, Austria n
FTBT 10-Oct-1963 natural level
200 - - - - - - L
[nsa onpegeneHns Bo3pacta BMONorMyecknx OCTaHKoB,
npeameToB U MaTepuanos 6MONOrMYEeCcKoro NPOUCXOXAEHUS
ncnonb3yeTca paanoyrneponHbln aHanna cogepXXaHma B — 180 - N
=
MaTepuane pagnoakTMBHOro uzomona *C no oTHOLLEHUIO K 3
cmabusnbHbLIM uzomonam yarepooda. & 160 |- -
O
2
MpennoxeH Yunnapgom JIn6bu B 1946 rogy (Hobenesckas 140 |- -
npemus nNo xmmmmn, 1960).
120 | -
N3oT1on 4C nocTosiHHO 0Opa3yeTcsi B OCHOBHOM B BEPXHUX
cnosix atMmocepsbl Ha BbicoTe 12-15 KM Npu CTONKHOBEHUM 100
BTOPUYHbBIX HEUTPOHOB OT KOCMUYECKMX NyYen ¢ agpamum . ! . . ! | . .

atmocdepHoro asoTa. B cpegHem — 7.5 Kr B rof, npu o6uiem 1945 1950 1955 1960 1965 1970 1975 19380 1985 1990 1995 2000
KOnu4yecTBe coaepkaHus B aTmocdepe 75 TOHH Year (AD)

Pagnownsoton yrnepoaa “C nogsepkeH
B-pacnagy c nepvogom nonypacnaga
T, = 5730140 nerT:

YaernbHas akTMBHOCTb U30TOMa B XMBOM opraHuame 14C @ @ 9 Q ® @ Q @

coctaensiet 0.23 bk Ha 1 r yrnepoaa. Mpwn rubenu Tk ; i i W 1 5 _
nocTynneHue yrnepoga 4C B opraHuam npekpaLiaercs u N+ n—="C+p C - N+ e+V

yoenbHas akTUBHOCTb yrnepoga 4C HaunHaeT nagaThb C
nepviogom nonypacnaga T,,, = 5700 net. 3Haa Ha4varnbHy0 \ /
aKTMBHOCTb 06pa3ua 1 U3MepeHHY aKTUBHOCTb Ha AaHHbIN

MOMEHT MOXXHO onpeaenuTb Bpemsi rmbenn Xmeoro
opraHu3ma. a Q

B 2015 rogy y4éHble n3 Mimnepckoro konneaxa JloHaoHa Mol **C = 10** Mol*C
nogcyuTanu, 4To NPOMBbILLSIEHHOE UCMONb30BaHUe

yrneBogopoAOB CKOPO CBEAET Ha HET PaaMOoyrNepoaHbIi Mol *C > 10** Mol*C \g?

meTo[,
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5. Paanouns3oTonHble UCTOYHUKU IHEPrum

YcTpoicTBa, UCNONb3YIoLLIME SHEPTUIO, BbIAENAIOLLYHCS
Npu paanoakTUBHOM pacnaje, Ana Harpesa
TennoHocutens unu npeobpasyoLine eé B
3MEeKTPO3HEPruio.

Pacnag ncnonb3yembix N30TONOB YCTyNaeT fuLLb
AeneHnto saep U NPeBOCXOAUT XMMUYECKNE UCTOYHUKN
(akkyMynAaTopbl, TONAIMBHbIE 3NEMEHTbI U AP.) B 4ECATKN
N COTHM TbICAY pa3 MO MacCcoBON N 0OBLEMHOM

3HEProEMKOCTM.

TonnueHbIN anemeHT 13 gnokcuaa 28Pu0,
O6ecne4vnBaoT aBTOHOMHOCTb paboTbl 060pynOBaHMS, Tennoas mowHocTb 62 W; nageHne
3HaAYMTENbHYI0 HAOEXHOCTb, MarnbIi BeC 1 rabaputhbl aHeprosbiaeneHns 0,78% B roa

TpeboeaHusi K paOuou3omMoOnHbIM UCMOYHUKaM

* BbICOKast akTMBHOCTb AN MOMyYeHUs 3HAYUTENBHOIO SHEProBbIAENEeHNs B
orpaHnU4eHHOM 06bEMeE YCTaHOBKM (OTHOCUTENBHO MarnbIn Nepuog nonypacnaga)

* ONMTENbHBIN Nepuog NoaaepXXaHna MOLWHOCTKU (Nepuog nonypacnaga — rogbl
n pecatuneTns)

 6e30nacHbIN BUA MOHU3MPYIOLLEro U3ny4yeHns (NpocTas u nerkas 3awumra ot
N3ny4yeHns)

* 0119 N30TOMOB, CNOCOOHBIX K AENEHN0, BO3MOXHO GornbLuas KpUTn4yeckas
Macca

* AeweBn3Ha 1 NpocToTa noJiyd4eHna n3otona

28
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B hot Iron wire cold
junction junction

7, Fcopper

= destion

conventional
current

Ob6nacmu npumMeHeHuUs1i paduou30MOnHbIX
UCMOYHUKO8 3Hepauu

* KOCMUYecKne annapaTbl, B 0COGEHHOCTH

«rnyBoKoro kKocmocay, rae KparHe Man NoToK U3NyYeHus
ot ConHua

* rnyboKoBOAHbLIE annaparbl

! ; e i )
* kpanHu CeBep, AHTapKTUKa HarpeBa][emi (uLor‘m)’  CRR AR e
* 3HepronnTaHne MasikoB, 6GakeHoB, METEOCTaHLIMI | S ARKERY - (X t _—
* MMTaHNE 3NEKTPOKapANOCTUMYNATOPOB P W ——
. peu_Jng(ELDdﬂl1aTODE
TepmosanexkTpuueckui npeobpazosarens (paag Gumerannuueckux nap)
VYaenbHan Temneparypa
i y DHeprud pacmnaia,
HioTon ].-[D.'l"g HeHHe MOIIHOCTE, ILI1ABTeHHA Tl_a.
- - KBT'9/T
Brr Tomimea, °C

pepy PRI 6 568 2500 86 1eT  |608.7

peakTop
pogp RO 0.93 2460 (SrO) 28 1T |162.721

e IeHHA
Mg RO 2.6 ~2600 285 mHeit [57.439

J2IeHHA
242~ A1ePHEIH 7 T 7 -,

Cm pearTop 121 2270 162 A 77.8

Popy  POTVIRHEE 4 600 (PbPo) 138 mHeH |[677.59

BHCMYTA
ey PR by ~2270 18.1 Toma [640.6

peakTop P

00TVUeHHE N
i) U;} - 8.097 2850 68.9 mer |4887.103
DCI{DH}:_H Metal Metal
106 : 175 - / '
Ru reperma 298 2250 371.63 cyT [9.854 Cold Side
@ 29
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PUTII (paduou3omonHbili mepmMo3sieKmpu4yecKull 2eHepamop)

B CCCP 0bino usrotosneHo 1007 PUT3I ana HaseMHoN
akcnnyaTayun. [Nodtn Bce OHKU aenanvcb Ha 6ase
paanoaKkTUBHOIo TeNMoBbIAENALLEro 3N1eMeHTa ¢ n3oTonom “OSr.
MowHocTb oT 10 Ao 120 BT, cpok cnyx6bl 10-30 neT.
O6ecneuynBanu anekTponuTaHneM Masku Baonk Bcero CeeBepHoro
Mopckoro MyTu.

B HacTosLee Bpems GonbLuas
YyacTb YTUNU3NpoBaHa u
3aMeHeHa anbTepHaTUBHLIMU
MCTOYHUKaAMWU NUTAHUA.
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McTouHuK Tenna Ha ocHoBse 21°Po ncnonb3oBarncs Ha
'
JlyHoxope-1 vm 2.

. “chronograph ivejournal com

SNAP-27, Annonoux-14.

CtaHuusa «HoBble ropmn3oHTbI» Ansa ndyyveHus MNnyToHa, ero cnyTHUKa
XapoHa n o6bekToB nosica Konnepa.
3anyweHa B 2006 r. CtaptoBas mowHocTb PUTII — 228 Br.

Nuclear generators have powered 27 U.S. space missions over
the last five decades, enabling exploration of the sun, the moon,
Mars, Jupiter, Saturn, Uranus and Neptune.
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The nuclear battery developed by Alcatel for Medtronic

37°C
+
Plutonium 238 Slug
at ~200°C
Vacuum-foil
insulation

Hermetic enclosure

Nuclear batteries were introduced in
the pacing industry around 1973.
The implant of nuclear-powered
pacemakers stopped in the mid-
1980s. Lithium-powered batteries
are now the norm

A pacemaker implanted in the
abdomen was calculated to
deliver a dose of 57 mrem
during the full term, which is
approximately 20 times less
than the maximum allowable
dose (1125 mrem).

Figure 3 - This Medtronic nuclear pacemaker still “ticks” 35 years after it was 32
manufactured.


http://www.ganino.com/_detail/35yearslater.png?id=nuclear_pacemakers
http://www.ganino.com/_detail/nucbattery.bmp.jpg?id=nuclear_pacemakers
https://www.google.ru/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjgxeW39YLSAhVICZoKHV3ZC9kQjRwIBw&url=https%3A%2F%2Fscience.dirty.ru%2Frossiiskie-iadernye-palchikovye-batareiki-756878%2F&psig=AFQjCNERiH3ieyw-JkB7IS2takSt_jjYjQ&ust=1486726250225815

Figure 8 — This nuclear-powered pacemaker was constructed by CCC del Uruguay and
implanted in 1974. The power source was a McDonnell-Douglas Betacel 400 betavoltaic
cell.

MOVE (8 CIMAL POINT LEF T 1088 wdt/?. DR

MASTER |

Figure 9 — No radiation above normal background could be detected from this CCC
Betacel-powered nuclear pacemaker 30 years after it was manufactured.
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S0epHbIl pakemHbIl deucamens PA-0410
1965-1985

Tsara B Bakyyme 35.28 kH
PaGouee Temno CMECh BOJOpPOJA H IeKcaHa
VIeTbHEIT HMITYIIEC 9000 /¢
Cpennsad TeMmepaTypa Ha BXOJE B COILIO 3000 K
Bpens padoTer 3600 ¢
KonniecTBo BKIIOUCHHIT 10
Macca ¢ pazHannoHHoM 3amuTol H aganrepoM (2000 kr
TenmoBas MOIIHOCTE peakTopa 196 MBTt
Pa3sMepEl peakTopa:

— BEICOTA 800 MM
— ITHAMETP 500 ym
Pa3sMeprl JBHTaTeNd:

— BEICOTA 3700 yM
— MaKCHMATIBHBI JHAMETP 1200 mm

AnepHoe TonnNMBo — MaTepuan Ha OCHOBe KapObuaoB ypaHa u
Bonbdpama, ¢ oborawieHnem no nsotony U-235 okono 80 %

Ucnbitanna PO-0410 B waxre
Ha CeMmnanaTMHCKOM MOSIUTOHe
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NERVA

(Nuclear Engine for Rocket Vehicle Application)

coBmecTHas nporpamma Komuccmm no atomHon aHeprumn CLUA n HACA no cosgaHuto
sapaepHoro paketHoro asuratena (APL), npogomkaswascs go 1972 roga.

NOZZLE SKIRT EXTENSION

INTERNAL .
SHIELD CONTROL 0ZZLE

REACTOR CORE

TURBOPUMPS
PROPELLANT LINE

EXTERNAL REFLECTOR
DISC SHIELD

NERVA rocket stage specifications

« Diameter: 10.55 meters (34.6 ft)

* Length: 43.69 meters (143.3 ft)

+ Mass empty: 34,019 kilograms (74,999 |b)
* Mass full: 178,321 kilograms (393,131 Ib)
* Thrust (vacuum): 333.6 kN (75,000 Ibf)

* ISP (vacuum): 850 seconds (8.3 km/s)

» ISP (sea level): 380 seconds (3.7 km/s)

* BurnTime: 1,200 s

* Propellants

* Engines: 1 Nerva-2 NERVA engine test
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BMECTO 3AKJIOYEHUWA:

Nature Is in austere mood, even terrifying, withal
majestically beautiful.

[Mpupoda HacmpoeHa cmpo2o, Oaxe yepoxaroue, Ho rpu
9MOM 8e/lU4EeCMBEeHHO Kpacuea.

Frederick Soddy
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