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1. UcTopunyeckoe BBeaeHue

Camonpou3BonbHoe (CNOHTaHHOE) NpeBpaLleHne OAHUX aTOMHbIX SAep B Apyrue,
COMNpOBOX4aeMoe UCMyCKaHMeM OOHOW MU HECKOMbKUX YacTuL, Ha3blBaeTcs
paduoakmueHOCMbHO.

YCnoBunucb cYnTaTh, YTO BpeMsi paanoakTUBHOIO pacnaga saep CoCTaBnseT He MeHee
1012 c. 3a 310 Bpems npoucxoauT 6onbLIoe YMCNOo pa3HoObpasHbIX BHYTPUSAEPHbIX
NpPoLLeccoB, MOMHOCTLI0 POPMUPYIOLLIMX BHOBL 0Bpa3oBaBLIeecs SApo

Periodic Table of the Radicactive Elements N
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B 1896 1. A. Bekkepernb HeOXnaaHHO 0BHapPYXuUn HEN3BECTHOE paHee BbICOKOMpPOHMKatoLLee
n3ny4yeHve, KOTopoe MUcnyckanu Conu ypaHa.

Torga cunTanock, YTO 3TO U3NyYEHUE CBA3AHO C aTOMHbIMU nNpoueccamun. C oTKpbITUEM
aTOMHbIX SA4ep CTano SICHO, YTO 3TO BHYTPUAAEPHbIN NpoLecc, Nony4YnBLUIUA Ha3BaHWe
paduoakmueHocmu.

«51 ocobeHHO Hacmauealo Ha credyruwemM ¢akme, Kaxywemcs MHe eecbMa AHTyaH Bekkepenb
MHO203Ha4YUMeEsbHbIM... Te Xe Kpucmansbl, coOepXalyuecs 8 memMHome, 8 yCrio8usiX (1852-1908)
Ko20a B03HUKHOBEHUE paduauyuu nod OelicmeueM COJSTHEYHO20 ceema UCKIYaemcs,
darom, mem He MeHee, homoepaghudeckue omnedamku»

Wccnenys nanyyeHune ypaHoBown conu, 3. Pesepdopa (1898 r.) nokasan, 4To OHO
COCTOUT U3 ABYX KOMMOHEHT.

1) CwunbHO nornowaemMoe TOHKMMK honbramm nsnyyeHne, HassaHHoe
a-u3nyyvyeHnem (nosxe BGbINO yCTAaHOBNEHO, YTO OHO COCTOUT U3 SAep aTOMOB
4He).

2) bonee cnabo nornowaemMoe nsnyyenne, HasaHHoe B-usnyvyeHnem. boino
YCTaHOBMEHO, YTO YacTULbl 3TOrO U3NyYEeHUs UMEIOT Maccy 3MeKTPOHa.

MasecTHbl 3 TUNa B-pacnaga sgep: B*-pacnag, B-pacnag, e-3axsar.

ankda HacTHIiR ﬂ\
Geravacrmmwt N >
Uepes aBa roga (7900 r.) . Bunnapa obHapyxun ewé ogHy ‘
HeUTpanbHYy KOMMNOHEHTY U3Ny4YeHUs YpaHOBOW COMW, e e -
Ha3BaHHYI y-U3ny4yeHnem. raMMa KBAHTH
Gymare J &
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cnepa 3a OTKpbITUEM paanoakTusHoro ypaHa U (Z = 92) 6bina obHapyxeHa pagnoakTuBHocTb Topusa Th (Z = 90).
B 1898 r. cynpyrn M. u I. Kiopu OTKpbINM Ba HOBbIX PaAMOaKTUBHbLIX 3rieMeHTa — NonoHun Po (Z = 84) n pagun Ra (Z = 88).

B 1903 r. 3. Pesepdopa n ®. Coaan BbISCHUMU, YTO UCNYCKaHUE O-ITyvelt COnpoBOXaaeTcs npespaLleHmemM XMMnu4ecknx
3M1EMEHTOB: XMMUYECKUI AneMeHT paann Ra npespallancsa B XMMUYECKUn anemMeHT pagoH Rn, ypaH U npespalwyancsa B Topun Th.

B pesynbraTte unkna akcnepuMeHTanbHbIX UccneaoBaHum Obino nokasaHo, YTo B
COCTaB aTOMHbIX siAep BXoAAT NPOToHbl (1979 1., 3. Pesepdopa) n HenTpoHb! (71932,
. Yapsuk), u B 1932r. [1. BaHeHko, B. MenseHbeprom n 3. ManopaHa 6bina
npeanoXeHa NPOTOH-HEUTPOHHAA MoAeNb aTOMHOrO siApa.

B 1934 r. cynpyramu U. n ®. XXonno-Kiopu Bbina oTKpbiTa MCKYCCTBEHHASA
(HaBegEHHas) pagnoaKTUBHOCTD.

B 1938 r. O. NaHH n ®. LWtpaccmaH obHapyxunu pacnag sagep ypaHa Ha TsxKenble
OCKOSKM NoJ AeACTBUEM HEUTPOHOB.

B 1940r. 1. H. ®nepos 1 K.A. leTp>xak OTKpbINX CNOHTaHHOE AeneHune saep ypaHa

B 1950 r. M. Unrpam u k. PenHonac obHapyxunu sieneHne deoliHoz2o B-pacnada:
nsoton 39Te npespallancs B nsoton '¥°Xe ¢ 0qHOBPEMEHHbLIM UCMYCKaHUEM [BYX
3MEKTPOHOB U ABYX aHTUHEUTpMHO. C Tex nop uccrnegoBaHue SBNEHNUst 4BOVHOrO [3-
pacnaga ctano ogHUM nx 3PEeKTUBHBIX METOAOB U3y4YEHUSA CBOUCTB HEUTPUHO,
nposepkn CtaHgapTHon Moaenw.

B 1981 r. 6bina oTkpbITa NPOTOHHaA paanoakTuBHoOCTb (C. XodmaH)

B 1984 r. I. Poys, I. [I)koHC 1 He3aBucumo [. AnekcaHgpoB 06HapyXunm, 4YTo npu
pacnage 223Ra npoucxoguT UCnyckaHue He TONMbKO a-4acTul, HO U Bonee TsKenbix
dparmeHTOB. Tak Oblna oTKpbITa KS1TacmepHas paduoakmusHocms. C Tex nop
KnactepHblt pacnag obHapyxeH 6onee 4yem Ha 10 sgpax ot Fr go Cm.

B 2002r. J.Giovinazzo, B. Blank et al u HezaBucumo M.Pfutzner, E.Badura et al 6
OTKPbINN 8YXMPOMOHHY paduoakmueHOCMb.



Decay Type Radiation Emitted Generic Equation Model
4 A A-4yi o 4
Alpha decay 2« IX = 200 D I 8‘
Parent Daughter Alpha
Particle
0 A Ay 4+ 0
Beta decay 1B X = X+ IB \ — @ —
Parent Daughter Beta
Particle
; e 0 A Ay 4+ O —
Positron emission P X —>, X+ B — @
Parent Daughter Positron
Electron capture X rays gx + _?e —»Z_{‘ X'+ Xray e — @ NN
Parent  Electron Daughter X ray
0 A Relaxation 0
RIS % 1
Gamma emission oY ZX E— ZX g i

Parent Daughter Gamma ray
(excited nuclear state)

Spontaneous Neutrons A+B+Cy —» Ay 4 Bx 4 cln
fission z+y% ol Sl
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Parent Neutrons
(unstable)

Daughters
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B HacTosiee Bpemsa nssectHo ~3500
aTOMHbIX 84ep, NpeacTaBnsaAwLWwmnx cobon
pasnu4yHble COMETaHUs Ymcen NpoToHoB Z n
HeuTpoHoB N

Mo cywecTByOLWMM OLeHKaM YUCIIO aTOMHbIX
saep MoxeT coctaBnaTb ~7000.

3 obuero yncna ~3500 M3BECTHbIX aTOMHbIX
anep cmabunbHbiMu siensitomces ~350 sidep.

Y 45 uzomonoe nepuopg nonypacnaga
conocTtasuM unu Gonblue Bo3pacrta
BcenexHon (13.7-10° ner).

U3omonbkl — aTOMHblE Sapa, MeroLne
OQWHAKOBOE YUCNO NPOTOHOB (Z = const) n
pasHoe YUCNO HEUTPOHOB.

H3omoHbI — aTOMHbIE Aapa, umetomne
oanHakoBoe Yucno HenTpoHos (N = const) n
pasHoe YMCro NPOTOHOB.

U306apkl — aToMHbIE Sapa, UMetoLne
oanHakoBoe maccoBoe YMCo A (A=Z+ N)n
pasHble Yncra HEMTPOHOB U MPOTOHOB.
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MurHMATbHOS
TlopaIKoBHIit Camson | Husamme | . o\asmoe Maccosoe Hopsiaxopsii| CoMBOT T uiR Sume —Makcl\::::::l::eb:(;conoe
HoMep, Z XHMHYECKOT0 | XAMHYECKOT0 i s nosep: 7 xn;:n::;z:i:ro xn;:::leeg;(;ro i
SRR TCMERTA | Miraeckoro seMenTa THMETOCROTO MICMOmTe
0 n HeHTpoH 1 ..
1 H BOZOPOT 1-7

2 He p— 310 74 W BOIBGpaM 158-192
3 Li — 312 75 Re peHHH 159-194
= 76 Os OCMHH 162-200
4 Be OepHITHH 5-16 77 Ir wpr i 164-202
5 B Gop 6-19 78 Pt IIaTHHA 166-203
6 € YIaIepox 8-22 79 Au 301070 169-205
7 N a30T 10-25 80 Hg PIVIB 171-210
g 0 KHCIOPOX 12-28 81 il TaLTHH 176-212
9 F dbTop 14-31 82 Pb CBHHEIl 178-215
10 Ne = 1634 83 Bi BHCMYT 184-218
Z 84 Po TI0JIOHHH 188-220
. oL a2 Celt 85 At acTat 191-223
12 Mg MarHHH 19-40 86 Rn pajon 193-228
13 Al ATIOMHHHI 21-43 87 Fr bpanmmit 199-232
14 St KpeMHHIT 22-44 88 Ra pazuii 201-234
89 Ac aKTHHHH 206-236
e 90 Th TOpHH 208-238
91 Pa NPOTaKTHHHH 212-240
92 U ypan 217-242
93 Np HEeNTyHHH 225-244
94 Pu ILTyTOHHH 228-247
95 Am aMepHIHH 230-249
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MHorue noau XUBYT B YCITIOBUAX, KOrAa paguoakTUBHAA Harpyska Ha Tesno
3Ha4YMTeNIbHO Bbllle CTaTUCTUYECKUN CpeaHEeMN.

Hanpumep, aecatku toicay noagen Ha KpanHem CeBepe nutaroTcs B
OCHOBHOM MSICOM CEeBEPHOro oneHs (Kapuody), B KOTOPOM NPUCYTCTBYHOT B
AOBOJIbHO BbICOKOW KOHUEHTpauun Hyknuabl cBuHUa-210 u nonoHusa-210.
ASTU U30TONbI NONagarT B OPraHn3mM orieHeu 3MMOK, Korga OHU NUTaKTCS

NUWaHUKaMU, B KOTOPbIX HakannmBarTcsa o6a nsorona. [1o3bl
BHYTPEeHHero obny4yeHus yesrioBeka ot nonoHusi-210 B aTom cny4yae MoryT B
35 pa3 npeebiwamb cpedHUU YpPOBEHb.

A B gpyrom nonywapum nogu, xueywme B 3anadHou Aecmparsiuu e
Mecmax ¢ noebIWeHHOU KOHUYeHmpauueu ypaHa, nosy4yarom 003bl
ob6ry4yeHusi, 8 75 pa3 npesocxodsiujue cpedHUlU ypo8eHb, NOCKONbKY easT
MSACO U TPebyxXy oBeL U KEHIypY.

13






2. 3aKOH paguoakTUBHOro pacnaga

Heo6xoaumoe ycnosue: JW/ > Ziw ; 3HeproBblaeneHne peakumm: ()= ( M.~ Z M )C2

—

IMocTosHHAs pacmaja A - BEPOATHOCTh paclaja sapa B eTHHHITY BpeMeHH.
Ecan B 06pazne B MOMEHT BpeMeHH t HMeeTca N paIHOAKTHBHEIX AOep, TO KOMHYecTBO Axep dN,

pacnaBmIHxca 3a Bpema dt mpomoprHoHATEHO N. . _
The curve representing the law of radioactive

decay is shown as below:

dN = -ANdt.
[NpounTerprposas (1) IMoIy9HM 3aK0H PaTHOAKTHBHOIO pacaa
it N = Noe—ll
N(t) = Npe™. L
>,
@ 100
g 2
No - KOTHYecTBO paJHOAKTHBHBIX A7ep B MOMeHT BpeMeHH t = (. g '::‘E
03
Cpennee BpeMsl KH3HH T - g3
E —————
| z N/8
= TN V16
Jq N/t | dt I B,
£ = - ) T 2T12 312 4Tz STae
o0 A Time (f) —»
£| di/dt | &t Decay curve for a radioactive element ,,

15



After 1 Half-Life

. After 2 Half-Lives

Hepnon moaypacmoaia T[Q - BpEeMi, 3a KOTOPOC [IEPEOHAYAIBHOC KOTHYCCTEO PATHOAKTHEHEIX ATCD
YMCHEBIIHTCA B ABA paza

T172 = In2/2=0.693/A = 1In2. (4)
AKTHBHOCTE A - Cpem{ee KOJIHYeCTBO H,Hep paC[Ia,I[a}O]]_[EXC}I B EMHH].DT BPEMEHH
A(t) = AN(t). (5)

AKTHEHOCTB H3MepAe1ca B KopH (Ku) 1 Gexkxepenax (Bxk)

1K =3%7 10" pacmaszos/c,
1 Bk = 1 pacnazn/c.

16
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Decay curve for a sample containing a mixture of ®*Cu (12.7 h) and 81Cu (3.4 h)
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Pa3zeemenéHHbIU pacnad

226
89AC137
226 29 h
88R3138 17% 8~ 83%
SR, -~ £

- \
1.1 Mev

1600y 0.64 MeV = ——— KoadchcbmumeHTol BeTBNEHUA
2§8Th135 (branching ratio):
4.6 Mev ) a emission (0.006%)
' 5.5 MeVY 2 .
4.8 MeV 0.006% B~ emission (83%)
e (17%)

0.186 Mey 0.3 ns
0 e sem—

222
222
86RN136 87Fr13s

Mepuoabl nonypacnaaa:
KoHcTaHTbl pacnapa: Mot

[MonHas EduHCcmeeHHo
0.693 ‘ _ Habrrodaembitl Onsi

. -1 . -6 .—1
Ay = =0.024h™ =66 x107"s akmusHocmu u3omona

2 e
MapuuansHble MapuymanbHble
0.693 .
B
= = 1.1 ¥ 110 s 0.693
/\.f 0.]7A1 11/2‘5 = >\ - =61 X 1055 = 170h
=6x10 A, =4x107Fs! ‘
Aa : t 0.693

II/Z‘Q=T 1.7X1093=55y 19
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3. CnoxHbIn paanoakTUBHbLIN pacnapg,

[

* YacTo npojykThi pacnaja

_'i;gSr 3 zgRb ) {2.25 min) 4.47-10° ner ) 4880
PAaJAOAKTUBHBIX AJIEP TOXKE Ly BRr4et +5 (229 min) 2347y,
24 1 kvt
SBJISIFOTCS PAAOAKTUBHBIMU. 5 PBre fw  (35.04 hours) - i o
DTO NMPUBOAUT K LSO IKAM > Ag-1b? ,;T, 34
acnaja. 42
LA il 7,34-10% ser
* Ha pucyHnke noxkasana = al Nyt Bl et 1600 e P¥Ra
3aBUCUMOCTD 'IMCJIA IACP OT £ o6} i 1
2 > > 382 eyr/” ““Rn
BPEMECHMU , JLJIA 3 04rf\ e 1
o \ il
MOCJICAOBATCILHOIO pacnayja § 0-2/ / _— B 3,10 g,/ [2Po
: 79 ¢ _79 % 00l A 214Pb OL-paciag
Ttpex saep A-7°Sr, B-?Rb u ke SprvRs
7 -02 1 L 1 1
C-7K. 0 500 1000 1500 2000 2500 19,9 n i F-pacnan
210 2l4p,,
Bpewma ¢ 13 1,64-10% ¢
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Pacnan uexogHoro Agpa 1 B Aapo 2, ¢ TOCISIYIOMAM €0 pacialIoM B AIpo 3, OMHCHIBASTCA CHCTEMOH

nuhbepeHIHATBHBIX YpaBHEHHH

dNy/dt = -ANy
dN»/dt = -}N> +h N1,
rae Ni(t) 72 No(t) -koamgecTBo A1ep. a A HA) - IOCTOAHHEIE pacnata Aaep 1 H 2 COOTBETCTIBSHHO.
PemenseM cHCTeMBI ¢ Ha9aTbHBIMH ycaoBHAMH N1(0) = Nyg: N2(0) = 0 6yzet
=t
Ny(t)=Nyge ™
Nigh , - .
Ny (1) = 02 (et — oty
A~y
A - In(y /2
KomrdecTso faep 2 JOCTHTaeT MakCHMATBHOTO 3HAYeHHA N5 @ = }\—1 Nqe B opE tT = % :
2 1 72
Ecan o < Ay (Tl(f% 3’-]-1(11% ), CyMMapHas aKkTHBHOCTh Ecn 4, =k (TI(EZ)J {TS{, ). cyMMapHad aKTHEHOCTh EHAtaIe
Nj(t)A; + Na(t)r, 6y1eT MOHOTOHHO YMEHBIIATHCA. PacTeT 3a CUeT HAKOIUISHHA Axep 2.
350

800 100

700 8 250
2 800 A =30 g
8 500 A z 200
£ a0 |\ = 150
E 300 | \\ArtA; % 100
q 200 |4, 50

100 0

. ,
0 30 100 150 200 21

0 50 100 150 200 1




Ecanm Ay ==\, IpH D10CcTATOYHO OOIBINIHX BpeMeHaX BKIAT
ETOPOH 3KCIOHESHTEI CTAHOBHTCH IIPeHeOpeKHMO MaL,

IO CPABHEHHIO CO BKIAI0OM [IEPBOH H aKTHBHOCTH BTOPOTO
As = 4,N> H nepeoro H20TonOB A = A|N| IpaKTHISCKH
CpaBHAKTCA. B garsHeHnIeM akTHEHOCTH KakK IIEPBOTO TaK H
BTOPOTO H3O0TONOB GYIyT H3MEHATHCA BO BPeMeHH
OIHHAKOEO.

gt )
Al =Njghi & 1 =Ntk = Ax(t) = No(t)ha.

To ec1B YCTAaHABIHEBACTCA TaK HASBIEACMOC BeKOEBOE PAEHOBeCHE, IIPH KOTOPOM HHCIO AACD H30TIOIIOE B
LOEMoYKe pacllaiob CBA3aHO C [MOCTOAHHBIMH paclialda (HepHO,I[ahﬂ{ rto:[ypacna,z[a) IIPOCTBIM COOTHOIIMEHHEM.

(1)
Ny 2 _Tn
N2 NT

ITo3TOMY E eCTeCTBCHHOM COCTOAHHH BCe H30TOMEl, [e€HeTHYESCKH CBAaHHEIC B PATHOAKTHRHEIX pAIax,
0OBIMHO HAXOJATCH B OINpee/leHHbIX KOTHYeCTBEHHBIX COOTHOIIEHHAX, 3aBHCAIIHX OT HX NePHOJI0B
moIypacnaia.
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B o6mem c1ygae, Koraa HMeeTcd LISMOYKa pacnaioB 1—2—..n, Ipolecc OMHCHIBaeTCa CHCTEMOH
nHhbepeHHAIBHBIX YpaBHEHHH

dNy/dt = -AN; +A 1 Ni1. (10)

Pemennem cucteMsl (10) 115 akTHBHOCTEH ¢ Ha9aTbHEIMH yeI0BHAMH N1(0) = Nig: Ni(0) = 0 6yzer

A ()= Nmicic_lit, (11)
1=1
roc
[~
Cp = . (12)
[T 2w

1=1

IIITpHx O3HAYAET, YTO B NPOH3BENSHHH, KOTOPOE HAXOJHTCA B 3HAMEHATe Ie, OIyCKAeTCA MHOKHTEIb C
i=m.

23



-
= |
4. PaguounsoTtonHoe gatupoBaHue

KonuyecTeo NbOro paguoakTUBHOrO M30TONa YMEHLLUAETCA CO BpeMEeHeM NO 3KCNOHEeHUWAaNnLHOMY 3aKOHY

-

—_—=g Ti=2 |
J\‘D
roe:
_E\TO — KOMWYeCcTBO aTOMOB B HadyankbHbIA MOMEHT,
]\“’(t) — KOMWYECTBO aTOMOB NO NPOLWECcTEMK BpeMeHHn {,

\ — NOCTOAHHAA pacnaga.

MCXO,EIH M3 TONo, Kakad 4acTb PaJuon30Tona pacnanach 3a HEKOTOpOe BpeMA, MOXHO pacCcHUTaThb BpEMA

N ()
t = =T log, %

Mepuog nonypacnaga He 3aBUCUT OT TeMnepaTypbl, AaBNEHUS, XMMUYECKOTO OKPY>KEHUS, UHTEHCUBHOCTU
3MNeKTPOMarHUTHbIX nonen. EAMHCTBEHHOE N3BECTHOE UCKITIYEHME OTHOCUTCS K TEM M30TOMNaM, KOTOpblE pacnagarTcs
NyTEM 3MEeKTPOHHOrO 3axBara: y HUX eCTb 3aBMCMMOCTb CKOPOCTUM pacnaja OT 3NIeKTPOHHOW NMOTHOCTY B palioHe siapa.

MpuHUMNUanbHaa cxema onpegeneHus Bo3pacra obpasua cocTouT B cneayoLiem. MamepsieTcst OTHOLWEHME cCoaepXaHus
B uccnegyemom obpasLe AByX U30TOMOB, OAVH U3 KOTOPbIX ABNAETCH paanoakTUBHBIM, @ APYror paauoreHHbIM NpoayKTOM
pacnaja v cpaBHMBAETCS C aHanorM4YHbIM OTHOLLEHMEM, KOTOPOE NpeanosiaraeTcs M3BECTHLIM B MOMEHT 0b6pa3oBaHus
obpasua.

[MaBHblE UCTOYHUKN TPYAHOCTEN ANA PaAnoU30TONHOIO AaTUPOBaHUSA — 3TO OOMEH BELLECTBOM MeXAy Uccneayembim
06BbEKTOM U OKpY>KatoLLEe Cpeaow, KOTOPbI MOT NPOUCX0AUTL Nocne obpa3oBaHus 06beKTa, U HeonpeaenéHHOCTb
Ha4yanbHOro U30TOMHOIO U 3NIEMEHTHOrO cocTaBa. 24



B kavecTtBe paanoakTUBHbLIX N30TOMNOB B ﬂﬂepHOﬁ XpOoHonorum Bbl6Mpal'OTCﬂ

[ONroXUBYLLME U30TOMbI PaaN0aKTUBHbLIX CEMECTB,

Oonroxmeyline paanoakTuBHble N30TOMMbI, 06pa3y|oumec;| npu B3aMMOAENCTBUM KOCMUYECKMX nyqeﬁ Cc A4pamu

aTMocdepbl 3emnu,

gonroxumeyuine pagnoakTuBHble N30TOMbI, oGpasosasmmeca BO BpeEMHA d)OpMleOBaHVIﬂ ConHe4Hon cucTembl.

HzoTonsl, HcmoIB3yeMble B S1epHOH XPOHOIOTHH

Hcexogneri Ilepnoa moaypacmana, PacopocTpasennocTs, Hapo-
H30TOI JeT %o OpOIVKT

14C 5700 14N

i 1.238-10° 0.0117 VAr
7py, 4.81-10%° 27.84 ¥sr

129y 1.57-107 HXe

2327y, 1.40-10%° 100 “%py,

) 7.04-10% 0.7204 Wpy

2 4.468-10° 992742 e
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Tak B MOMeHT o6pa3oBaHusi CONHEYHON CUCTEMbI OTHOLLEHWSA M30TOMNOB ypaHa U TOPUS COCTaBNANM
250)781)'=10.3, 22Th/?%5Th =35.
B HacTosiLee BpeMs 3TV OTHOLLEHUSI paBHbl

250238 = 7.3-103, 232Th/%%5Th = 4,

YTO NO3BONSAET OLEHUTL Bo3pacT ConHeyHon cuctemsl t = 4.5-10° ner.

B reoXpoHOS1I0rnMmn NCnosib3yeTcAd HeCKOJIbKO METO40B.

YpaH, TOpun-CBMHLIOBbLIN METOA.
CBUMHLUOBbIN MEeTO/.
Kanuin-aproHoBbI METOA.
Py6unann-ctpoHumeBbIn MmeTos,.

ol ol o

YpaH-CBMHLOBbIN METOA, — OAWH U3 CaMblX CTapbiX U XOpoLlo pa3paboTaHHbIX CNOCOBOB paAMoM30TONHOIO AaTUPOBaHUS U,
MPpY XOPOLLUEM UCMOSNHEHUM, CaMbll HAAEXHbIN MeToa AN 06pa3uoB ¢ BO3pacToOM Nopsaka CoOTeH MUNSIMOHOB NeT.
Mpu Takom Bo3pacTe AocTuwxuma To4HocTb nopsaka 0,1 %

26



il ST i wellington, New Zealand ——
i 220 ' I NH: Vermuntsee, Austria n
- RPTBT 10-Oct-1963 natural level
200 |
[ns onpeneneHuns Bo3pacta 61ONOrM4eckux OCTaHKOB,
npegmeToB 1 MaTepranosB GUONOrMYECcKOro NPOUCXOXAEHUS
ncnonb3yeTcs pagnoyrnepoaHbii aHanusa coaepXxaHus B o 1RO
mMaTepuane paanoakTuBHoro uzomona “C no OTHOLUEHMIO K §
cmabunbHbIM usomonam yaiepooa. & 160 - 7
=
Mpeanoxen Yunnapaom JIn6ou B 1946 roay (Hobenesckas 140 | R
npemus no xumuun, 71960).
120 g
M3oTton “C nocTtosHHO 06pa3yeTcss B OCHOBHOM B BEPXHUX
crnosix atMmocepsb! Ha BbicoTe 12-15 KM npu CTONKHOBEHUU .
BTOPUYHbBIX HEUTPOHOB OT KOCMUYECKMX Nyven c agpamu T T T T T
aTmocdepHoro asora. B cpeaHem — 7.5 kr B rog npu obLiem 1945 1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000
KONMYecTBe coaepXaHus B atMocepe 75 TOHH Yoar (AD)

Pagvousoton yrnepoga #C nogsepxeH
B-pacnaay c nepuogom nonypacnaga
T,;; = 5730140 ner:

YaenbHas aKTUBHOCTb U30TOMa B XKMBOM opraHuame '4C @ 0 . b w @ & Q ° .

coctaenset 0.23 bk Ha 1 r yrnepoga. Mpu rubenu 3 4 5 i 4 o g _
nocTynnenue yrnepoga 4C B opraHuaM npekpalaeTcs u N+ n—="C+ p L =N+ e4+V

yaenbHasi akTuBHOCTb yrnepoga “C HaunHaeT nagath
nepuoaoM nonypacnaga T,, = 5700 net. 3Has Ha4anbHyo v

aKTUBHOCTb 06pa3ua N N3MepeHHYK akKTUBHOCTb Ha OaHHbIN

MOMEHT MOXHO onpeaenuTb Bpems rubenn Xvueoro
opraHuama. a 0

B 2015 rogy y4éHble n3 imnepckoro konnegxa JloHaoHa Mol ®C = 10** Mol*C
nogcyMTanu, YTo NPOMbILLIIEHHOE UCNOSb30BaHNe

yrneBoopoa0B CKOPO CBEAET Ha HET paanoyrnepoaHbIit Mol **C > 10** Mol*'C \C?

mMmeTo
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5. PagnousoTonHble UICTOYHUKU IHEeprum

YCTPOMCTBA, UCMONb3YHOLLME SHEPTUIO, BbIAENAIOLLYIOCS
npu paguoakTUBHOM pacnage, ANns Harpesa
TennoHocutens unu npeobpasyouine eé B
ANEKTPO3HEPruio.

Pacnapg vncnonb3yemMbix M30TOMNOB yCTynaeT nuilb
AeneHuio Saep 1 NpeBOCXOAUT XUMUYECKUE UCTOYHUKN
(akKymMynaTopbl, TONSIMBHbIE 3NIEMEHTbLI U Ap.) B 4ECATKU
N COTHM TbICAY pa3 Nno MaccoBOM U 0OBLEMHOM

9HEPro€MKOCTW.

TonnueHbIN 3neMeHT 13 anokcuaa 238Pu0,
ObecneynBaoT aBTOHOMHOCTb paboTbl 060pya0oBaHUS, Tennosas mouwHocTb 62 W; nageHune
3HAYUTENbHYI HAOEXHOCTb, ManbIin BeC n rabaputsl aHeproBblaeneHuns 0,78% B roa

Tpe6oeaHun K paduousomonglM ucmo4YHuKkam

* BbICOKasi akTUBHOCTb AN NOMyYeHUs1 3HAYUTENBHOIO SHEPTOBbIAENEHUS B
orpaHn4YeHHOM 06BbEME YCTaHOBKM (OTHOCUTENBHO Manbiil nepuog nonypacnana)

* ANUTENbHBIN Nepuoa NoAAePKaHUA MOLHOCTKU (Nepuog nonypacnaga — rogpl
N OecaTuneTus)

+ 6e3onacHbln BUA MOHU3UPYIOLLIETO U3ny4YeHns (npocTas u nerkas sawmrta ot
n3nyyeHus)

* ANS U30TONOB, CNOCOOHLIX K AeNeHnt0, BO3MOXHO BonbLuas Kputnyeckas
mMacca

* AeweBn3Ha 1 NpocToTa nojly4eHna n3otona
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O6nacmu npumeHeHuUs1 paduou30MOInHbIX
UCMOYHUKO8 3Hepauu

* KOCMU4eckue annaparthbl, B ocobeHHoCTU

«rny60|<oro KOCMOCa», rae KpaﬁHe Masn NnoToK un3ny4vyeHus

ot ConHua
* ry6oKoBOAHbIE annapartbl

* KparHun CeBep, AHTapKTUKa
* 3HEepronuTaHue MaskoB, 6akeHoB, MeTeoCTaHLMn
* NMUTaHUe 3NEeKTPOKapANOCTUMYNATOPOB

hot

junction

Pewerka paagnaropa

Tron wire

& d ir\e?:llon of
conventional
current

N P

VYaenbHasd TemmepaTvpa
: ° JHeprus pacmoaia,
Hsoron | IMoayuedne MOIIHOCTh, ILIaBJAeHHA T, J
Br/r Tonausa, °C KBr/r

nipy,  (UACPHEE 0.568 2500 86 teT  |608.7
peaKTop

Mgy [FRNEE 0.93 2460 (Sr0) 28meT (162,721
JeTIeHIA

Mgy (PR 2.6 ~2600 285 Tmeit |57.430
JeleHuda

242~ e PHELH 2 ~227 2 T

Cm peaxtop |12 2270 162 ms  |677.8

Mopg  [POTYEREEE 4 600 (PbPo) 138 gmeit |677.59
BHCI\I_\"Ta

Micyy [HEPERE 2.8 ~2270 18.1roga |640.6
peaxTop

2 QOTVUeHIIe

e o 8.097 2850 68.9 mer  |4887.103
TOpHA

W6Ry PR 20.8 2250 371.63 cyT [0.854
JeleHuda =

Metal Metal

Cold Side

/\_/L
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PUTII™ (paduou3omonHbili mepMo3iekmpuyecKull 2eHepamop)

B CCCP 6bino usrotosneHo 1007 PUT3I ana HazemMHow
aKcnnyaTtayun. [1o4Tu BCe OHU Aenanuchb Ha base
paavoakTUBHOTO TEMMOBbLIAENSIOLWEro 3fieMeHTa C N30ToMoM 90Sr.
MowHocTb oT 10 go 120 BT, cpok cnyx6el 10-30 neT.
OBecneynBanu anekTponuTaHKMeEM Maski Baonb Bcero CeeepHoro
Mopckoro MyTu.

B HacToAwlee BpemA Bonbllas
4acTb YTUIU3NPOBaHa N
3aMeHeHa alibTepHaTUBHbIMU
MCTOYHMKaMMU NMUTAHKA.

. LA s
| S B

) % 1 i ke
) r—
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McTouyHuk Tenna Ha ocHoBe 2'°Po ncnonb3osanca Ha
JlyHoxopge-1 wm 2.

SAP-27, AnnonoH-14.

CraHuus «HoBble ropu3oHTbI» A4Nns u3ydeHus MNnyToHa, ero cnyTHUKa
XapoHa 1 o6bekToB nosica Konnepa.
3anyuweHa B 2006 r. CtaptoBast MowHocTe PUTII — 228 BT.

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
manufactured.
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Figure 8 — This nuclear-powered pacemaker was constucted by CCC del Urnuguay and
implanted in 1974, The power source was a McDonnell-Douglas Betacel 400 betavoltaic
cell.
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Figure 9 — No radiation above normal background could be detected from this CCC
Betacel-powered nuclear pacemaker 30 vears after it was manufactured.



S0epHbIl pakemHbIl dsuzamens PO-0410
1965-1985

Tsra B BakyyMme

35.28 kH

PaGouee Temo

CMECh BOJOpPOIa H I'CKCaHa

V 1eIBHEI HMITYIIBC 9000 m/c
CpemHsaa TeMIlepaTypa Ha BXOIE B COILIO 3000 K
Bpema padoThl 3600 ¢
KommuecTBo BKIHOYEHHI 10

Macca ¢ pagHanHOHHOH 3aIIHTOH H aJanTepoM

2000 xr

TemmoBasg MOITHOCTE peakTopa 196 MBT
Pa3meprl peakTopa:

— BBICOTA 800 MM
— IHAMETP 500 M
Pa3Meprl IBHTATENA:

— BBICOTA 3700 v
— MAaKCHMA/IBHBIH JHAMCTD 1200 »M

AnepHoe ToNNMBO — MaTepuan Ha OCHOBE KapbuaoB ypaHa u
Bonbpama, ¢ oboraweHnem no nsotony U-235 okono 80 %

Ucnbitanuna PO-0410 B waxre
Ha CemunanaTMHCKOM NONUroHe
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= NERVA
(Nuclear Engine for Rocket Vehicle Application)

coBmMmecTHas nporpamma Komuccum no atomHou aHeprumn CLUA u HACA no cosgaHuto
sanepHoro pakeTtHoro asuratensa (APL), npogomkaslwascs go 1972 roga.

NOZZLE SKIRT EXTENSION

INTERNAL NOZ
SHIELD CONTROL 2Lk

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 Ib)
* 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@Hz/\/ '
+ Engines: 1 Nerva-2 NERVA engine test

35
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Kocmuqecmu MWUHM-peakTop «Kilopower» - Bnepepg, K

e3p,aM73T0 YCTPOMCTBO AO0SMKHO 0becneynTb
9HEeprmen BO3MOXHbIE 0O6bEKTbI Ha APYrux
NnaHeTax, He UMeLL e BO3MOXHOCTb
NonNb30BaTbCA OObIYHOW CONMHEYHOM
baTapeen.

Tex3agaHneM yCTaHOBSEHbI Takne
YCNOBUSA — peakTop AOSMKEH BblgaBaTb 40
10 kBT B Te4eHnn 10 neT HeNpepbIBHOM
paboThbl.

- | Tonnueo ansa «Kilopower» - 310
e pi YpaH-235, a caMblM CIOXHOW
«aeTanbioy, MHXeHepbl Ha3bIiBaKOT TOT
caMbI MexaHU3M rnepenaym Tenmna B
SSshield —_ reHepaTtopbl C MOMOLLbIO crieymanbHbIX
HaTpMeBbIX TEMNSOBLIX TPYOOK, rae
TOYHOCTb pa3orpesa ABMseTcd
KPUTUYECKUM DAKTOPOM. YUuTbIBad
XapakTepUCTUKM peakTopa (ero
«camMoynpaBnsemMocTby ), 00UTLCA
HY>XHbIX MapaMeTpoB OKa3asiocb

Stirling engines
Heat pipes
U(8%Mo)
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Kocmunyecknn mmumn-peaktop «Kilopower» - Bnepea, K
~=%.< _ Kilopower Technology Development %4 am?

LS [Moka «Kilopower» ele He
roTOB K HacTosilen pabote, HO
ncnbiTaHUS NPOAEMOHCTPUpPOBanu
rmaBHOE — TEXHOMNOrMN «paboune» u
y4YeHbiMn pa3paboTaH
nonyToparo4oBou NsiaH,
pe3ynbTaTtoM KOTOPOro OOMKEH
cTaTb yXXe He NPOTOTuM, a pearnbHO
gencteyownm 10 kBT peakTop.

Flight Concept Flight-prototypic ESI:Y‘;E%!%::::fhd v?letrancl-tlfgrhEl; 'l)s:m::; C a M FI,EI,e p H bl |7| I/I CTOL‘I H Vl K
Power Pack pleted Uranium Uranium Core
Core (NASA GRC) (DOE NNSS) SHeprun TecTupoBarncs nocre — ¢

naGopatopun DAF, «<MaTepuHckoit konbiGenAsaHGIBBhERL ReGHHBHHBe

Bpemsl paboTbl peakTopa Ha TOT MOMEHT cocteBFArtiBanuaTe Yacos B
YCINOBUSIX, NMPUBIKEHHbIX K TEM, B KOTOPbIX OH JOMKEH ByaeT TpyauTbCs.

3a noYTN NonyBEKOBY UCTOPUIO pa3paboTok NOAOOHbIX YCTPONCTB, XOTS
TennoBaKyyMHbIE UCTbITAHUSA HEKOTOPbLIMU MEXaHU3MaMK ObINM NPOAEHbI, HY
OOWH U3 HUX He AoLlen A0 MOMeHTa COOPKM NONHOLIEHHO AENCTBYOLEN B
3aJaHHbIX YCNOBUSX (B NPSIMOM CMbICIIE — «KOCMUYECKUX») MOAENMN.
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PaspabartbiBaeTca saepHbIN Oykcup «3eBc» B paMKax nporpamMmbl
«HyknoH». 3aka34yuMKom npoekTa BbicTynaeTt «PockocMocy.

a

InemeHTel KTM TOM: KTM OH® B TeXHONIOrM4eCcKknx BpaLjaresnnsx, naHenb
cucremsol obecneyeHuss tennoBoro pexuma (COTP) Ha TeXHONIOrM4YecKux
onopax, KTM OH® gnsi oyHKUuMoHasnbHbIx ncnbsitaHn, KTM BOC u KTM 36

KTM — KOHCTPYKTOPCKO-TEXHONOIMYECKUm
makeT. OH® — oTcek HecyLwmnx pepm (NpaBbIn
BepxHUM yron). 36 — aHeprobnok (Mo ueHTpy).
BOC — 6nok obecneumBatoLwmx cuctem (npasee
9b)
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... 40 Mapca MoxHo dbyaeTt nobpartbcs 3a 41 AeHb.

A T3M «3EBC». OBNUK U XAPAKTEPUCTUKM

POCKOCMOC
BapuanT 1

Macca KA cyxan / sanpannesmnm, 1 2061220

T3OM «3eBc» € POTOPHBIM
MACCS OTCEKS HeCYUMX hepM, T 106 MarHMToNNasMeHHbIM
Macca smeprobnoka, v 7.0 asurarenem

Macca Moynsa ABMIATENhHBIX

YCTaMOBOK (Cyxan), T 14

Macca tnoxa obecnesmBaroumx

cucrem (cyxasn), ¥ 30

Macca komnonenton Tonnuoa 4YOC

(AT + HAMP), 7 e

Macca xomnonenTos Tonnuea IPQY 1.0

(Kcewom), 7 -

BapuanT 2

FabapuTn B TRANCNOPTIOM NONOKEHUK 24.915.0
(L7 8) . T3M «3eBc» ¢ MOHHBIMW
FaBapuTes 6 paBowom NONOWEHH asurarensmmn
(L1 @ COTP-8, @ 60), m 8.7/ %08/209
MowmenTsl nHepum (X /Y 1 2), Tw? 72 /740078400
Cpeacrea sumefenva «Anrapa-ASB»
Paroiet Gnox «®perars »
MNnouaas pagwaropcs COTP-B, m 656 ‘ | |
MoupocTs aneproGnokn 1900 / 470

(vennocsas/anexTpivecxan), kBr

... 0 rabapuTtax u xapakTepucTukax Bcero dykcupa.
Obwas ero macca byget coctaensaTb 6onbue 20 T:
aaepHbIn peakTop 7 T, Tonnmeo 1 T, Macca none3Hon Harpy3km — 10 TOHH.
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Kocmuyeckasn sepdb

K aTOMy BpemeHu, cornacHo nnaHy, y Poccumn noaBUTCA KOCMUYECKUN KOMIMJTEKC C
mMoLHocTbHo B 500 kBT (no3xe — 1000 kBT). 3TOT Nnokasartenb npeBbillaeT BCO
COBOKYMHY0 aHepretuky « MKC».

MexayHapoaHasa KocMmuyeckad
cTaHuua onga Poccun yxxe nponaeHHbIN
atan. B 2024 rogy Halua cTpaHa oT He§
oTKaXeTcs. Y Hac byaoet cobcTBeHHad
opbuTansbHasa cTaHuums.

A Te, uto ypoBHS «MUP», « MKCy,
«Kntanckon opbmutanbHOM cTaHUUm» U
amepukaHckon Gateway, bornbLue He
rogsaTcs Anga npoaBMKEHUST HaLwmnx
HaLMOHarbHbIX MHTEPECOB.

OcHoBHoe: B 2024 roagy 6yoet aHepreTuyeckmin, Nponu3BOACTBEHHbIN, CKITafCKON,
LUSTH03-nnaTtgopma 1 TYPUCTUYECKUUA MOLYTTb. K 2030 rogy B CTaHUMWN MNOABATCA eLLe
4 mopyns.

Ha camom gene y Hac byaet uenas kocmuyeckas Bepdb. TO eCTb Ha POCCUNCKON
CTaHUWUU NfiaHupyeTca cobupaTtb U PEMOHTUPOBaTL Kopabnu.

Otkas ot MKC, co3gaHne cobCcTBEHHOM CTaHUUK N SAEPHbIN Bykcnp «3eBC» —
MOLLHbIE Larn B pa3BnUTMN KOCMUYECKOW OoTpacsin. Takon BbIBOLA NO3BOSAET caenath
TONbLKO NULLIb Metowasacs nHopmauus. A npeacraBbTe, CKOSTIbKO BCEMO HaM eLLée
NpeacTonT y3HaTb O npoekTe!




BMECTO 3AKJIOYEHWA:

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

[lbupoOa HacmpoeHa cmpo2o, Oaxe yepoxaruie, Ho rpu
3MOoM 8e/lU4eCMBEHHO Kpacuea.

Frederick Soddy
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