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B HacTOSWEM CnpaBOYHWKE, MOAroTOBNEHHOM [OMOBHBIM Hay4HbIM  OTPacneBbIM
Llentpom OCCC[I ®epepancHoro AreHTCTBa  NO aTOMHOI  9Heprid, LleHTpom
pPaAMOHYKNMUAHBIX  AaHHbIX Pagnesoro UHCTUTYTa WM. BI. XnonuHa wu KuTtanckum
HauuoHanbHbiM  komuTeTom KOOATA-UKCY, Kutanckum UEHTPOM  AAEPHbIX [aHHbIX
WHCTMTYTa aTtoMHoi 3Heprim Kutas npu KuTaiickoin rocyaapCTBeHHOW Kopnopauuu A[epHon
MPOMBILUNEHHOCTU NpeACTaBNieHbl OCHOBHbLIE  XapakTepUCTUKUA M3BeCTHbix K 2004 .
CTaBUNbHLIX W PaAMOaKTMBHLIX HYKNMAOB. [N  MHOTMX XapaKTepucTuk NPUBEAEHbI
COBPEMEHHbIE OLEHEHHble AaHHbleé CO CPefHUMW  KBaapaTU4eCKUMu norpewHoCcTAMU
(cTanaapTHbIMKU - OTKIOHEHusIMK).  Paccuutad  Ha LWMPOKUA KPYr HaydHbIX paboTHUKOB,
KOHCTPYKTOPOB, aClMPaHTOB U CTYASHTOB.

T.V.Golashvili, V.P.Chechev, O.0.Patarakin, N.E.Yakovlev, V.M.Kupriyanov, ZHAO Zhixiang,
HUANG Xiaolong, GE Zhigang, ZHOU Chunmei, Nuclide Guide-3. 3™ edition, complemented and
remade.

The present Nuclide Guide, prepared by the Head Scientific Data Center of Nuclear Industry
Service for Standard Reference Data, Federal Agency for Atomic Energy (Moscow), Radionuclide Data
Center (RDC) of V.G. Khlopin Radium Institute (Saint Petersburg), and Chinese National Committee for
CODATA, China Nuclear Data Center, China Institute of Atomic Energy, China National Nuclear
Corporation, includes the main characteristics of the stable and radioactive nuclides, known by 2004.
Plurality of characteristics is presented with up-to-date evaluated data having mean-square uncertainties
(standard deviations). The present Nuclide Guide is intended for use by the broad audience including
designers, scientific researchers, post-graduate students and students.
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NPEAUCNOBUE

BHumanuio uutaTeneit npepgnaraetcA  3-e  u3naHwe  CNPaBOYHMKA
(CnpaBoyHmk-3), coaepxallero KpaTtkylo MHOPMAaLMIO O XapakTepUCTUKAX BCEX
n3BecTHbIX K 2004 r. u3otonos 118 XMMUYECKMX INEMEHTOB. 3TOT CNPaBOYHMK
ABNAETCHA CBOEOOpasHbIM «NyTeBoAUTENEM» MO HYKNUAAM U NpeaHasHayveH ans
UCMOSMb30BaHUS  LUMPOKUM  KPYroM  CreuuanncToB  pasfnyHOro  ypoOBHS
(NPOEKTUPOBLUMKOB, Hay4HbIX pabOTHUKOB, UHKXEHEPOB, acNUPaHTOB, CTYAEHTOB),
KOTOpble >KENaKwT Nony4nuTb NEPBUYHbIE OLIEHEHHble (JOCTOBEpHble) (Nno
cocTosiHnio Ha 2004 r.) cBefieHnsA 0 cTabUNbHBIX U PaAUOaKTUBHLIX HYKNUAAX.

B oTnuune ot wnpoko pacnpocTpaHeHHbIX kapT Hyknuaos [1,2,4], koTopble
Takke [alT  KpaTKylo OCHOBHYID WMHMOPMaLMIO O HyKnvMaax, HacTOSLWMWNA
cnpaBoyHuk cogepxut OLUEHEHHbLIE 3Hauenus psina OCHOBHBLIX XapakTepUCTUK,
TakKMx Kak Mmacca, npupogHas pacnpoCTpaHEeHHOCTb, CeYeHWe aKTMBauuu
TensIoBbIMU HENTPOHaMK ANs1 CTabUIbHbIX U NPUPOAHLIX AOJFOXUBYLUMX HYKNWOOB;
Macca, nepuoj nonypacnaga, sHeprus pacnaja Ans paguoakTuBHbIX Hyknuaos®.
3Ha4yeHnss aTUX BenuUYUH CcHabXeHbl CpefHei KBaapaTUUECKOW MOrPELUHOCTLIO
(craHgapTHbiM  OTKNoOHeHnemM). OHM NOMAyYeHbl Ha OCHOBE WMHOPMaLMH,
coaepxallencs B 6aHke AaHHbIX [[ONOBHOro Hay4yHoro otpacnesoro yeHtpa (FOu)
no CTaHAApPTHbLIM M CNPaBOYHLIM AAHHLIM, (PU3NHECKUM KOHCTaHTaM U O CBOMCTBAaX
BewlecTB n Marepvanos (OCCCH) oryn «UHUMATOMUHDPOPM» (Mockea),
UeHTpa paguoHyknuaHbix AaHHbiX (LIPO) PagueBoro nHctutyta um. B.I . XnonuHa
(CankT-lMNeTepbypr) U Kutaickoro LeHTpa saepHbiX AaHHbIX MHCTUTYTa aTOMHOWM
aHeprum Kutasa. OT1oT GaHK BKNIOYAET OUEHEHHble AaHHble, NpencTaBrfieHHbIe B
MexayHapogHom danne ENSDF-2000 [5), Tabnuuye uzomornoe [6] n Tabnuue
paduoakmueHbix uzomornos [7], a Takke cobcTBeHHbIE OLeHKU cneyunanucros LIP.

Mo cpaBHeHUIO ¢ BTOpbIM usaaHuem [13] HacToAwee nsgaHue cnpaBoYHUKa
[OMOMHEHO AN MHOMMX HYKIMWAOB 3HAYeHUsiMM  KBAOpYmnonbHbIX MOMEHTOB
OCHOBHBIX COCTOstHMIt sigep (TpeTbst KonoHka). COOTBETCTBEHHO HECKONbKO
U3MEHEeHa CTPYKTypa nepBbiXx Tpex KONMoHok Tabnuupl Hyknnaos. Kpome Toro, B
YETBEPTYIO KONMOHKY Tabnuubl 4ONONHUTENBHO BBEAEHLI paccyUTaHHble aBTopaMu
MacCbl MHOTMX SAePHbIX U30OMEpPOB.

Tabnvua Hyknuaos B CnpaBoYvHUKE-3, TaK Xe Kak B npeabiayLnx nsaaHusx,
npeacTaBrneHa B NOpsiAke BO3pacTaHUsi aTOMHOrO HOMepa (3apsaa sapa) v
'MacCOBOro 4ncna (BTopast KoroHka). Bo TpeTben KOroHke AaHbl CMWH U YeTHOCTL
OCHOBHOIO MNU UW30MepHOro (MetactabunbHOro) cocrosiHuMAa sapa. B Tpertbei
KOJTOHKE yKa3aHbl 3HAYEHUS MarHUTHOro W KBaapynosibHOro MOMEHTOB, B3AITble U3
pabot [8,9]. B Tex cnyyasix, Korga u3BeCTHO, Kakoe COCTOsiHWe siipa ABISAeTCH
OCHOBHbLIM, U3oMep 0603HauYeH BO BTOPOW KONOHKe natuHckon BykBom m. Ecnu
HYKNUA MMeeT ABa U30MEePHbIX COCTOSHUSI, OHKN 0603HaYalTCa cumBoaMn my, Ma.

B CnpaBouHUK-3 BKMOYEHBI U3OMEpHbIE COCTORHWMA C  NEepuoaoM
nonypacnaga 6onee 1 munnucekyHabl®. Ceeaerns 0 6onee KOPOTKOXMBYLLIMX
n3omepax MOXHO HalTu B [4~6].

MorpelwHoCcT! peKoMeHOYEMbIX 3HA4YeHUI yKasaHbl B KpYMNbiX Ckobkax
UYUCNOM eAMHWUL NOCNeaHero 3Havallero paspsga senudunHbl: Hanpumep, 38.0(23)

B 1998 r. B ULHUWAW ony6nukoBaHa MexgyHapogHas kapTa H?’KI‘IM,D.OB TaloKe CoAemKaLLana OUeHeHHbIe
3HAYEHMS YKA3aHHLIX BbILLE OCHOBHbIX XapakTEPUCTUK Hyknnaos' . Bropoe uagaHne MexayHapoaHoi KapTel
Hyknnace 6bino onybnukosaxo B 2003 r. (Onucanne Tabnuubl cM. Mpunoxenue 1a).
® B pafe BaXHbIX CIy4aeB NPMBOAATCA TaloKke M30MEPbI C NepuoaamMy norypacnaza MeHee 1 MUNAUCeKyHAbI.
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o3Ha4aet 38.0 + 2.3. [Ipn HeQOCTOBEPHOM 3HAHUWU XapaKTEPUCTUK UX 3HAYEHUSA
npuseneHsl B ckobkax. WHdopmauus, koTopas TpebyeT noaTeBepXaeHus, T.e.
AOMONHUTENbHbIX UCCNeaoBaHUi, cHabXeHa B CripaBOYHUKE 3HAKOM Bornpoca (?).

B 4yeTBepTON KONOHKE npuBeAEeHa Macca HyknMaa B aTOMHbIX efuHWULUax
macchl B Wwkane '°C. OLeHeHHble 3HAYeHUS Macc HYKNUAO0B OCHOBAHbI Ha AaHHbIX
paboTsl [10].

B nATOn KONOHKE ANA PagnoakTMBHBIX HYKITMAOB NPUBEAEHO OLEHEHHoe
3HayeHue nepuoaa nonypacnaga (C norpelHocTb0). [Ansa ctabunbHbIX HYKNUAOB B
TOW e KONOHKEe yKasaHO BMECTO nepwoja nonypacnaga cogepxaHue Hyknuga (s
npoueHTax) B NPUPOAHONA CMECU M30TOMNOB AaHHOIO XMMMUYECKOro anemMeHTa. [ns
NPUPOAHbIX AONTOXUBYLIMX PaAWOHYKNUAOB B MATOW KOMOHKE nNpuBedeHbl o6e
BENUYMHbI — nNepuod nonypacnaga M NpupoaHas pacnpocTpaHeHHOCTb B CMecH
N30TOMOB.

B wecToi KonoHke Ans paguoakTUBHbLIX HYKNNAO0B yKa3aHbl OCHOBHbIE BUAbI
pacnaga ¢ AonsiMu BETBNEHUs] B NMPOLEHTax U npuBeneHbl OLleHEeHHbIe 3Ha4YeHUs
(¢ norpewHoOCTSMW) COOTBETCTBYIOWLMX  SHEPrum pacnaga Q B
KWITO3NEKTPOHBONbTAX, NOSyYeHHbIE Ha OCHOBE AaHHbIX [4~6].

B ceobMOi KOMOHKe YyKa3aHbl BWAbl OCHOBHbIX WM3Ny4Y4eHWn (YacTtuy u
¢OTOHOB), CONPOBOXAAOLWMX pacnag pagvoHyknuaa, U npuBefeHbl cpeaHwue
3HepruM usnyyeHuri Ha pacnag (kaB/pacnap), B3sitbie U3 [6] U B HEKOTOPbIX
cnydaax nonyyeHHble Ha ocHose oueHok LIP[. CpeaHss saHeprus usny4YyeHvsl Ha
pacnag <R> sIBNAETCA KONWYECTBEHHON XapakTepucTUKON, NokasbiBatowen Bknag
[aHHOTO BUAA M3NYYEHUs B NOMNHyIo 3Hepruio Q, BbiAenswLLyocsa Npu pacnage.
UucrneHHo oHa paBHa cymMme npoussegeHwn Eli, roe Ei u | - 3sHeprua u
MHTEHCUBHOCTb (B JONAX pacnagoB) OTAENbHbIX KOMNOHEHTOB U3Nny4YeHus (4acTuu
Unu keaHToB). Takum oBpa3om, aTa xapakTepucTuKa yKkasbiBaeT Takke Ha CTeNeHb
WHTEHCUBHOCTU OAHHOMO BUAA W3Ny4YeHusi, CBEAEHUsI O KOTOpoil OBbIYHO He
NpMBOAATCA B YNOMSAHYTBIX BbilUe KapTax HyKNnaoB.

B BocbMOW KONOHKe Anst CTabunbHbIX W MNPUPOAHBLIX [ONTTOXMBYLLNX
HYKNWOOB YKa3aHO 3HavyeHue (C NorpellHoCcTbio) CeYeHNs pagvaunoHHOro 3axsara
TENnoBbiX HEUTPOHOB (CeyeHWe akTuBauuu) B munnumbapHax, B OCHOBHOM, MO
AaHHbIM  paboTtbl [12]. [OnA paguoakTUBHbLIX HYKNUAOB B TOW XXe KOJOHKe
npusegeHsbl 3Hepruu Hanbonee WHTEHCUBHbIX raMma-KBaHTOB (B
KUMo3NeKTpoBofbTax). 3Haukom (*) oTMeueHbl raMma-kBaHThl, Habnopaouwmecs B
CMecu [aHHOro PagvoHyKiaa C KOPOTKOXMBYLLMMW NpoAyKTamu ero pacnaja.
CnegyeTr OTMETUTb, 4TO [ANsl PafWOHYKIMAOB, MUCHbLITLIBAIOLNX B*-pacnap, B
MCTOYHUKAX CrnepyeT YYuTbiBaTb HanuMuue aHHUrMNALUOHHOIO ramma-unyyeHus c
aHeprneit 511 kaB. 310 usnyyeHve He ykasaHo B CnpaBo4HMKe-3, Tak Kak OHO
SBNSIETCA BTOPUYHBLIM MPOLIECCOM, CBSI3aHHBIM C aHHUrMNAUMen MNO3UTPOHOB B
BElecTBE UCTOMHMKA W OKpyXalollei cpeae u, cneaosartesnibHO, He OTHOCUTCH
HENoOCPEACTBEHHO K pacnany paguoHyknuaa.

OrpaHnuyeHHoCcTb 06bema CnpaBovHuKa-3 He No3BonsieT NpuBecTu Apyrue
BaXKHbIE XapaKTepuCTUKW PaJVOHYKNWUAOB, Takue Kak, Hanpumep, 3Heprus
MCnycKaeMbIX Y4acTUL WM WHTEHCUBHOCTb OTAESbHBLIX KOMMOHEHTOB W3Ny4YeHu.
OpHako HasHadeHue CnpaBoYHUKa-3 3TOr0 M He TpebyeT, TakK Kak Mpu XenaHuu
nonyuntb Gornee getanbHylo uMHpopmauMio o cBovcTBax pacnaja v n3ny4eHun
paAMOaKTUBHBLIX HYKNUAOB uuTaterlb BCE paBHO OyaeT BbiHyXaeH obpaTutbcs K
cneuvanusMpoBaHHbIM CMpPaBOYHLIM U3AaHUAM UMUK OPUrMHanNbHbIM HayYHbIM
cratbaM. Llenb aBTOpoB 3TOro cnpaBoyHuka — obecneunTb nonb3oBatenen
HAOEeXHON W KOMNakTHO OdOpPMNEHHOW nepBUYHON uHdOpMauuen o Becex
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M3BECTHbIX K HacToflemy BpemeHu Hyknuaax. Mel 6yaem npuaHatenoHbl TeM
yutTaTensaM, KOTOpbie YKaXyT HaMm Ha BO3MOXHbie HEeJOCTaTKM CNpaBOYHMKA UNu
oneyvyarku U TeéM CaMbiM NMO3BOIAT UCMPaBUTL UX B NOCNEAYHOLWNX U3AaHUSX.

CnegyeT OTMETUTb, YTO COTPYAHWYECTBO B obnactn saepHo-puUsnyecknx
KOHCTaHT W [aHHbIX O CBOWCTBax BeWeCTB U MaTepuanoB B pPasfUYHbIX
HanpaBneHUsiX Hayku, TEXHUKU U TEXHONOMNU MeXAY POCCHACKUMMU N KUTANCKUMMU
yyYeHbIMK Hadanock ¢ 1992 roaa. B pesynbTaTte nepenucky bbiBLIEr0O MUHUCTpPa Mo
atoMHomn aHeprun Poccum B.H. Muxainoea ¢ suue—npe3ngeHToM AkagemMumn Hayk
Kutasa n npesvgeHtom Kutarnckoro HauuoHanbHoro komuteta KOOATA-MKCY
Xy4YnxeHoM, KOTOpasi npurnacuna pykoBOAATENSA HAy4yHOro LUEHTpa [AaHHbIX
MuHatoma PoccuM ©  Hay4HOro pykoBogutens npoekta MexayHapoaHbix
HYKNMUAHbIX Tabnuy T.B. Tonawsunu pans noceweHuss pasnu4YHbiX HayyYHo-
uccnenoBaTenbCckux MHCTUTYTOB Kutas ¢ uenbio BbipaboTkn MemopaHayma o
COTPYAHUYECTBE POCCUICKUX U KNTAUCKUX YYeHbIX B oBnactn aaepHo-dhusn4eckmx
AaHHbIX.

Bonblyio ponb B COTPYAHUMYECTBE POCCUACKUX WU KUTAUCKUX YYEHbIX B
obnactm KOMAUNAUWKM, CUCTEMATU3ALMM, OUEHKM W aTrecTauuu [OaHHbIX O
p13n4EeCKUX KOHCTaAHTax M CBOWCTBAx BELWECTB U MaTtepuanoB B pPasNUYHbIX
HanpaBnNeHusX Hayku, TEXHUKU W TexHonornu ceirpan MexayHapoaHbii komMuteT
KOOATA-UKCY B nuue npe3anaeHToB 3ToM opraHusaummn 3. Aiobya, [Hk. Pambna u
BuLe—NpeangeHTa Akupa LUyruta, a Tawke npepacrasutenen Kuraickoro
HauuoHanbHoro komuteta KOOATA-UKCY: ObiBwero npesupeHta 3ToM
opraHmsaumn XyuuxeH, Buue-npesngeHta HAH baonuHra u  reHepanbHOro
cekpeTapsa Xuao lOH, u Yxan Xyl ctaena cekpertas, a Takke npeacraBurens
HauuwoHanbHoro komuteta Kutas X UYuxoHra. CnegyeT Takke OTMETUTb
NONoOXUTENbHbIV BKNaA B COTPYAHNYECTBE CekpeTapst kutanckoro HaunonansHoro
komuteta KOOATA-UKCY Lanr Xw. HemanosaxHylo ponb B gene
COTpyAHMYECTBA NO  AAEpHO-PU3MYECKUM AaHHbIM - cbirpan  [eHepanbHbIN
anpektop MHcTuTyTa atoMHomn aHeprumn Kutas Llao XXuxuaHr.

B pab6ote Hag CnpaBO4YHMKOM-3, KpOME aBTOPOB, NPUHUMANM ydactue
cotpyaHukn THOL| no craHAapTHEIM W CMPaBOYHBIM  AAHHBLIM, OU3NHECKUM
KOHCTaHTaM M O cBoicTBax Bewects U Martepuanos (OCCC[) oIyl
«UHUMATOMUHDOOPM» (Mocksa) A.A. N6os, O.[1. O6ywesa, H.WU. laHckas u
COTPYAHUKM LleHTpa pagvoHYKNMAHbLIX [JaHHbIX PaauveBoro MHCTUTYTa UM B.Il
XnonuHa (CankT-Metepbypr) N.M. Bak, T.B. [MoctepHsik, E.C. Yeuesa.
MporpammHoe obecneyeHne H6asbl AaHHBIX U KOMMbIOTEpHasA BEPCTKa BbiMONMHEHbI
coTpyaHukamm uentpos A.MN. [emuposbiM, H.B. 3abapa, J1.J1. Koponm n H.C.
Mapeesoin 1 LIP[ N.1O. ConoBbeBbIM.

ABTopbl 6GnarogapaT avpekTopa WHCTUTYTa cTpaTerniyeckon cTabunbHOCTU
B.H. MuxainoBa 3a KpUTUYECKue 3aMeyaHusi n cogenctsne no BbiMyCKy AAHHOIO
CcnpaBoOYHUKA.

Astopbl 6narogapat J1.J. Psa6esa, H.M. BonowwHa, B.B. [posgosa,
B.MN. Bapasy, B.W. Paukosa, A.C. AngowwuHa, A.H. AugpvaHosa, t0.I'. Tkauyka,
B.C. MupoHoea, M.B. Mosgeesa, A.B. TiopuHa, A.A. Pumckoro-Kopcakosa, B.B.
denoposa, K.B. ExoBa, 0.B. MaMoHoBa 3a BHMMaHWe K NOAroToBKE U BbINYCKY
CnpasoyHMKa HyKnuaoB-3.
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PREFACE

The third edition of the Nuclide Guide containing a brief information on
characteristics of all known by 2004 isotopes of 118 chemical elements is offered
to attention of readers. This Nuclide Guide is a peculiar "guidebook" on nuclides
and is intended for use by the broad audience of experts of various levels
(designers, scientific researchers, engineers, post-graduate students, students),
which would like to receive original evaluated (reliable) (as of 2004) data on stable
and radioactive nuclides.

Unlike widespread charts of nuclides!"** which also present the brief basic
information on nuclides, the present Nuclide Guide contains the EVALUATED
values of some basic characteristics, such as mass, abundance in nature, cross
sections of thermal neutron induced activation for stable and natural long-lived
nuclides; mass, half-life, decay energy for radioactive nuclides”. Values of these
quantities are supplied with root-mean-square errors (standard deviations). They
have been obtained on the basis of the information from the databank of Head
Scientific Data Center on standard and reference data, physical constants and
properties of substances and materials (Atominform, Moscow) and Radionuclide
Data Center (RDC) of V.G. Khlopin Radium Institute (Saint Petersburg), and China
Nuclear Data Center (CNDC), China Institute of Atomic Energy (CIAE). The
databank includes the evaluated data presented in international file ENSDF-2000°,
the Table of Isotopes® and the Table of Radioactive Isotopes”, as well as data,
evaluated by RDC and CNDC experts.

In comparison with the second edition'® the present one has been
complemented with quadrupole moments for the ground states of many nuclides
(the forth column). Respectively the first three columns of the Nuclide Guide have
been varied in structure. Besides, the forth column has been added with the
masses of many isomers of nuclei calculated by the authors.

Similar to previous editions the atomic numbers (nuclei charges) and mass
numbers (the first column) in the table of nuclides of the Nuclide Guide-3 are
presented in increasing order. The spins and parity of the ground or isomeric
(metastable) nuclide states are presented in the second column. The magnetic and
quadrupole moments are presented in the forth column!® °L. Latin letter “m” is used
to identify the isomer when it is known, what state of a nucleus is ground. Symbols
m4 and m, are used if the nuclide has two isomeric states.

Isomeric states having more than 1 ms half-life™ are included in Nuclide Guide-
3. Information about isomers having shorter half-lives can be found in refs.[4~6].

The uncertainties of recommended values are given in parentheses with the
number of units of the last significant digit of the value: for instance, 38.0 (23)
means 38.0 + 2.3. If the value is not known reliably it is enclosed in parentheses.
The information to be validated, i.e. to be studied additionally, is provided with a
question-mark (?).

The third column contains nuclide masses expressed in atomic mass units
according to ?C scale. The evaluated values of masses of nuclides are based on

the data of reference!'?.

In 1998 the International Chart of Nuclides ') was published in Atominform, Moscow, that also contained the evaluated
values for the main characteristics mentioned above (the second edition of the International Chart of Nuclides was issued

in 2003)
2 In a number of important cases the isomers, having less than 1 millisecond half-life, are referred to also
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Half-life evaluated values (with uncertainties) are presented in the fifth column
for radioactive nuclides. Nuclide percentage in natural mixture of isotopes for a
given chemical element is indicated in the same column for stable nuclides instead
of half-life. Both values, i.e. half-life and abundance of isotopes in natural mixture,
are presented in the fifth column for natural long-lived radionuclides.

Basic decay types with percentage of branching, and evaluated values (with
uncertainties? of corresponding decay energies (Q-values, in keV) obtained on the
basis of data'*®! are presented for radioactive nuclides in the sixth column.

Basic types of radiation (particles and photons) accompanying the radionuclide
decay are pointed out in the seventh column, and mean values of radiation energy
per decay (keV/decay) obtained on the basis of data ™ and RDC evaluations are
presented. Mean radiation energy per decay <R> is a quaniitative parameter
indicating the given radiation type contribution into the decay energy (Q) releasing
in the decay. This is numerically equal to the sum of Ejli products, where E; and |;
are the energy and intensity (disintegration fractions) of individual radiation
components (particles or photons). Thus, this parameter indicates also the intensity
extent of the given radiation type, that is usually absent in the above nuclide charts.

Cross sections (in millibarns) for radiation thermal neutrons capture (activation
cross section) are presented in the eighth column for the stable and natural long
lived nuclides in accordance with reference!'?. The energies of the most intensive
gamma-rays (in keV) are presented for radioactive nuclides in the same column.
Gamma-rays in mixture of the given radioactive nuclide with short-lived products of
its decay are pointed by sign (*). It should be noted, that the 511 keV annihilation
gamma-rays should be taken into account for beta-plus-decay radionuclides in
sources. This radiation is not presented in the Nuclide Guide-3, since it is the
secondary process related to positron annihilation in source substance and
environment, and hence, it does not directly relate to the radionuclide decay.

Limited size of the Nuclide Guide does not allow us to present other important
characteristics of radionuclides such as emitted particle energy or intensity of
individual radiation components. However, the purpose of the Nuclide Guide-3
does not need this, since more detailed information on radioactive nuclide decay
and radiation properties may be obtained by a reader in specialized handbooks or
original scientific articles only. This Nuclide Guide aimed by the authors at
providing users with reliable and small size primary information about all currently
known nuclides. We will be grateful to the readers for the noticed possible
disadvantages in the Nuclide Guide or misprints to correct those in further issues.

It is necessary to note, that cooperation in the field of nuclear physics
constants and data on properties of substances and materials in various fields of
science, technique and technology between the Russian and Chinese scientists
has began since 1992 on the basis of correspondence between V.N. Mikhajlov,
the former Minister of the Russian Federation for Atomic Energy, and Hu Qiheng,
the former vice-president of the Chinese Academy of Sciences, and the former
president of Chinese National Committee for CODATA who invited T.V.
Golashvili, The Chief of the Head Scientific Data Center of the Ministry of the
Russian Federation for Atomic Energy and the Scientific Head of International
Nuclide Charts, has been invited in China for the purpose of visiting various
scientific research institutes of China and developing the memorandum of
cooperation between the Russian and Chinese scientists in the field of the nuclear

physics data.
A major role in cooperation between the Russian and Chinese scientists in the
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fields of compilation, systematization, evaluation and qualification of the data on
physical constants and properties of substances and materials in various fields of
science, technique and technology was played by the International ICSU-
CODATA Committee in person of E. Djubua, J. Ramble, co-presidents of this
organization, and Akira Tsugita, vice-president thereof, as well as such
representatives of Chinese National Committee for CODATA as Yan Baoping,
the vice-president, and Xiao Yun, the secretary general of this organization, It is
necessary to note also the positive contribution of Zhang Hui of secretariat of
Chinese National CODATA Committee, made to this cooperation.

A.A. Lbov, O.D. Obusheva, N.I. Lanskaya, the employees of the Head
Scientific Data Center on standard and reference data, physical constants and
properties of substances and materials (Atominform, Moscow), as well as L.M. Bak,
E.G. Krylova, T.B. Posternak, E.S. Checheva, the employees of Radionuclide Data
Center (RDC) of V.G. Khlopin Radium Institute (Saint Petersburg), took part in
creation of the Nuclide Guide-3 apart from the authors. A.P. Demidov, N.V. Zabara,
L.L. Koroli, N.S. Mareeva, 1.Yu. Solovjev, the employees of the centers, took part in
developing the data base software and computer makeup.

The authors thank V.N. Mihajlov, Director of Institute of Strategic Stability, for
critical remarks and assistance in release of the Nuclide Guide.

The authors thank L.D. Ryabev, N.P. Voloshin, V.V. Drozdov, V.P. Varava,
V.1. Rachkov, A.S. Aldoshin, A.N. Andrianov, Yu.G. Tkachuk, B.S. Mironov, M.V.
Pozdeev, A.V. Tyurin, A.A. Rimski-Korsakov, V.V. Fedorov, K.V. Yezhov, Yu.V.
Mamonov for attention in preparation and release of the Nuclide Guide-3.
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ERSHS—KE
CMUCOK YCNOBHbIX OB03HAYEHUM
LIST OF SYMBOLS AND CODES

1 R R
XAPAKTEPUCTUKN HYKNUAOB B TABIULE
NUCLIDE CHARACTERISTICS IN TABLE

Z RFFEOTR)
3apsg sapa (anemeHT)
charge of nucleus (element)

A E¥
MaccoBOe Ynucno
mass number

S p/Q BFRESSERRESZ B, T, BE. BURE
CMWH, YETHOCTb U MarHUTHbI MOMEHT (B SiA€PHbIX MarHeToHax)™
OCHOBHOIC UM M30MEPHOro COCTOAHUA Aapa
spin, parity and magnetic moment (in nuclear magnetons)*
of ground or isomeric state of nucleus

M ETRELL ’C WRERET 12 A ERNE T RE B 40)
Macca HyKnumaa B aTOMHbIX eAuHMLAxX Macebl (Lwkana 12c)*
nuclide mass in atomic mass units (12C scale)*

T2 BUHEBRREZ ¥

nepuog nonypacnaga paguoHyknuaa*
half-life of radionuclide*

I BEBERRRKENBUHMERRZ FRE(LE 2 HRTR)
coJepXaHue cTabunbHOro NN NPUMPOAHOTO AONTOXMUBYLLEro
HYKN1aa B NPUPOLHON cMecK n3oTonos (%)*
atom percent abundance of stable or natural long-lived nuclide(%)*

D%Q HZH A AXHU(LNEFBRT). FEXAE(keV)
BUZbI, MHTEHCUMBHOCTU (%) W 3Heprumn pacnana (kaB)*
decay modes, intensities (%) and energies (keV)*

R<R> fEBESH R R IER I BN F ARG R EE N T EH s R (keV)
BUAbl OCHOBHbIX U3ITy4EHWIA, CONPOBOXAALWMX pacnag
paauoHYKNuaa, U X cpeaHue aHepruv Ha pacnag (xaB/pacnap)’

* HJ’I’I 3THX XapaKTECPHUCTHK YHCIIO B KPYTIIbIX cKoOKax faet MOrpeiHOCTE B €AMHUIAX NOCIEAHETO 3HA4aIICro paspdaaa

BCIIHYHHBI.
* For these characteristics the number in the parenthesis gives an uncertainty in units of the last significant digit of the

value.
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modes of main radiations accompanying decay of radionuclide and
average energies per decay (keV/decay)®

E, FEyit& R (keV)
3HEprns Hambonee MHTEHCHBHBIX raMMa-KBaHTOB (k3B)
energy of most intensive gamma-gays (keV)

P, yitek MLt R JLE(BZ 100 IRFERTE, LEEERR)
abcontoTHast BEPOATHOCTb 3MUCCUM ramma-usnyyenus (B % OT yucna
pacnagos)”
absolute gamma-ray emission probability (in % decays)*

Ony REBRRRRKFABAEERZ AP FRREMEALL: mb)
ceveHune paaualMoHHOTO 3axBaTta TENNOBbIX HEUTPOHOB ANs
cTabunbHbiX 1 NPUPOOHBLIX 4ONTOXKUBYLNX HYKNNAoB (MunnubapH)*
cross section of the radiation thermal neutron capture for stable
and natural long-lived nuclides (millibarn)*.

2 FIEWRN
EAVHWLIbI MEPUOAOB MONMYPACMALA
HALF-LIFE UNITS

ms E&
MUNNncCeKyHaa
millisecond

s ¥
cekyHaa
second

m 4
MUHYyTa
minute

h /NEF
yac
hour

d R
CYTKK
day

a %
roa
year




En=10"

E-n=10"

3 FHPEA
BUbBI PACITATA
DECAY MODES

o oFE®
anbda-pacnag
alpha-decay

B plazEAR
beTa-MuHyc-pacnag
beta-minus-decay

2B XPFHEE
ABoviHOM 6eTa-MUHyc-pacnag
double beta-minus-decay

Bn #HRERFURARMBE R THE
68T8-M|/1Hy0'3aﬂa3,ﬂ,blBaIOLLl,aﬂ HeVITpOHHaﬂ aMuccud
beta-minus-delayed neutron emission

Bon #BERHEARMMERF T3
BeTa-MUHyC-3anasabisaoLwwas AByXHEUTPOHHAs 3MUCCUA
beta-minus-delayed two neutron emission

BD. BT. Po. P2a. B30 fEEEBHEEME R RN THAE: i, Bk T
beTa-MUHyC-3anasabialoLias 3aMmccua ¢ ucnyckaHmem
3apsPKeHHbIX YacTuL: AeNTPOHa, TPUTOHA unu anbga-Jyactuy
beta-minus-delayed emission with emission of charged
particles: deuteron, triton, or alpha-particles

BF fLBARH R KR A RAZ
6eTa-M|AHyc-3ana3,qb|Baromee aeneHne
beta-minus-delayed fission

B" BIEZER
6eTa-nnc-pacnag
beta-plus-decay

EC i T{73k
SJ'IeKTpOHHbIVI 3axeat
electron capture
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