88.PAOUN

88.0. O6wme 3amevyaHus

Onement Ne88 otkpeiT cympyramu Kropu B 1898 1. B MMHepase, W3BECTHOM NOJ
Ha3BaHUSIMH YPAHOBOH CMOJIKH, CMOJITHOM OOMaHKH M HACTypaHa. YK€ B XOJI€ ATOW caMOi TIEpBOM
paboThl cTano SICHO, YTO HOBBIM 3JEMEHT — aHajor Oapus: mpH (PPaKIMOHHOM pa3JesICHUH
KOMIIOHEHTOB aKTUBHOCTH HaKaIjuBaiach B 0apueBoi (hpakiuu.

B HazBanue snemeHTa Ne§8, kak M B Ha3BaHUS TaJOr€HOB, IOJOKEHO OAHO M3 CaMbIX
OYEBHIHBIX €ro cBoMCTB. CiioBo radium («paauii») MPOUCXOIUT OT JJATUHCKOTO radius — «J1yd», Tak
YTO JOCJIOBHO Ha3BaHUE ATOTO AJIEMEHTA MEPEBOANTCS KAK «U3ITyYaIOLIUI, «JTyYUCThIN».

UeM ke BaKEH U YEM MHTEPECEH paauii?

«3ydeHne ¥ UCHOJIB30BaHUE DPAJAMOAKTUBHBIX CBOMCTB Ra ChIrpaso OrpOMHYI0 poJib B
UCCJIEIOBAaHUM CTPOCHHUS aTOMHOIO f1pa W SIBICHUS PaJUOAKTUBHOCTH. XHUMHUYECKHE METOJbI,
pa3paboTaHHbIE MIPU BBIACICHUH U3 PYJ COCIMHEHUN Ra M M3y4eHUU WX CBOWCTB, JIETJIM B OCHOBY
METOJIOB PATHOXUMHUI.

B »stux nByx ¢paszax, B3ATBIX U3 KpaTKOM SHIUKIONEIUN «ATOMHAs SHEpPIrus»,
COCpPEIOTOUEHO B caMoil oOmiel opMe TO TIaBHOE, YeM HMHTEPECEH JJIsl Hac paauid, YeM CIJIaBEH
3TOT 3JeMEeHT. MOXHO YTBEpXKAaTh, YTO €CIU Obl TPU HYETBEPTH BEKa Ha3zaJg HE ObUI OTKPBIT
3JIEeMEHT paJuii, TO BPsJ JM Hall BeK Ha3bIBaJIM Obl aTOMHBIM. [Ipocienum ke UCTOpHIO dJIeMeHTa
No88 — uctoputo ero ciry>keHus: HayKe.

C romamm, 1Mo Mepe pa3BUTHUS SACPHOU (PU3WKK M aTOMHOW TEXHHKH, PAJWiA MOCTEIIEHHO
ObUT OTOJIBUHYT Ha BTOPOH IUIaH. [Ipyrue painoakTUBHBIE 3JIEMEHTHI U U30TOIBI OKa3alUCh Oosee
MpUEMIIEMBIMH U TSI TaMMa-nedexrtockonuu, u s paauotepanuu. (Kobanbt-60, mpuMeHseMbIii
HBIHE I 9TUX LI€JIed, HAMHOTO JIEIIEBJIE U IOCTYIIHEE pajusl.)

Jlpyrue MeHee oOmacHble W3Iy4yaTelu MPUILIA U B IMPOU3BOJCTBO CBETSIIMXCS KpPACOK.
Panuii-6epuuineBbie M paJoH-OepUUINEBbIE UCTOYHUKH HEHMTPOHOB TOXE IMOCTETNIEHHO COILIH CO
CLICHBI: TOSIBUJINCH 00OJIee COBEPILICHHBIE.

JIuiib B KauecTBE STATOHOB PAJMOAKTUBHOCTU COJU PaJus HE yTPATHIIM CBOUX mo3uiuii. U
ellle — KaK UICTOYHHUK PaJIOHA.

Ilocnennee OGonblioe coObiThe B uUcTopuM 3meMeHTa Ne88 mpousomio B 1967 .
[IpakTnueckn OIHOBPEMEHHO B 3HAMEHMTHIX JiabopaTopusx JyOHbl n bepkin ObLIM MOTy4YEHBI
HEUTPOHO-ACPHUIIMTHBIE NU30TOIBI Paus ¢ MaccOBbIMH unciamu ot 206 1o 214. JIo aToro BpeMeHu
OBLTM U3BECTHBI JIUIIH U30TOMBI C MACCOBBIMU urciiamu 213 u ot 218 mo 230.

Bce »TH u30TOMBI OKa3aluCh KOPOTKOKUBYIIMMH anb(a-U3IydareasiMid € TepuoaaMu
nonypacnazaa ot 0,4 1o 15 cexyHna. A caMblil TOJNTOKUBYIIMNA U30TOI pajaus — TOT CaMblil paauii-
226, kotopblii oTKpbuM cynpyru Kropu, «xuser» 1617 ner, ecnu, KOHEYHO, BPEMEHEM KU3HU
M30TOIa CYUTATh IEPUOJ MOJIypacaja ero sjep.

Jna oubmuoreku POCOOH]] TpebGoBanock 0TOOpaTh HEWTPOHHBIE JaHHBIE IS S5-TH
JTONTOXUBYIIUX H30TONOB pamusi: Ra-223 (T,,=11.435 nn.), Ra-224 (T,,=3.66 nn.), Ra-225
(T1/2:14.9 IIH.), Ra-226 (T1/2:1600 J'IeT) u Ra-228 (T1/2:5.75 J'IGT).

Bce »skcnepuMmeHTanbHBIE JaHHBIE, HCIOJIb3yeMble MpPU CPAaBHEHUU C OLIEHCHHBIMH
ceyeHus MU, 01N B3sTHI U3 0a3bl MaHHbIX EXFOR-CINDA (Bepcus 1.81, urons 2005).

Bo Bcex coBpemeHHbIX Bepcusx OuOmmuorek, Ttakux kak ENDF/B-VIIb2, JEFF-3.1 u
JENDL-3.3 mist mepBbIX dYeTblpeX HYKIHIOB panusi ucronbdyercs orenka N.Takagi (Tokyo
Institute of Technology, TIT), BeimonHenHas B aBrycre 1988 roga u mo ceii 1eHb, IPaKTHUECKU, HE
nepecMoTpeHHas. Takoe TONOKEHHe Je OOBACHSAETCS KpalHe HEOONBIINM KOJUYECTBOM
9KCHEPUMEHTAIbHBIX JAHHBIX JUIsI TOJHON OLIEHKHM B3aMMOJAEUCTBHUS HEMTPOHOB C H30TONAMHU
panusi.

RA-1


http://www.n-t.org/ri/ps/pb056.htm

Uro kacaetcst Ra-226, To B mepeynciIeHHbIX BbIlIe OMOIMOTEKaX OTCYTCTBYIOT OLICHEHHBIE
HElTpoHHBIE NaHHBIE; HO B Oubnoreke EAF-2003 nmeercs oleHKa HEHUTPOHHBIX CEUEHUU IS
HEro B HETIOJTHOM Habope.

88.1. Papun-223

Anpdpa axtuBeH (T;,=11.435 nn.). MICTOYHMKOM 3TOrO HW30TONA B SICPHOM TOIUIHBE
ABIIsIeTCS o-pacman — Pa, Begymuii kK 00pa3oBaHUIO A, KOTOPBIN HCTBITHIBACT O€Ta-pacrmaj B
2"Th, a-pacmagarommiicst B > Ra.

B Tabnuie 1 mpuBOASTCS BETUYMHBI TEIUIOBOTO CEYEHHS W PE30HAHCHOTO MHTErpaja Jyis
W30TONOB paaus, NosydeHHbele ¢ nomombio nporpaMMmsl INTER w3 makera mporpamm ENDF
UTILITY CODES (release 6.13).

Tabmuma 1 — TerutoBbie ceYeHHs U PE30HAHCHBIC HHTETPAJIbl U30TOIOB paaus (0apH).

TennoBoe ceuenue (E=0.0253 3B) Pe3onancHbIN HHTErpal
Hyxmun | Ouenka
[Tonnoe | Ympyroe | Jlenenue | 3axsar Henenue 3axBar
Ra-223 | JENDL 143.1 12.4 0.70 130.0 0.767 472.

B EXFORe cogpepxarcs pe3ynbTaTbl [OBYX OKCIEPUMEHTOB IO H3MEPEHHUIO CEYCHHUS
meneHust “°Ra TemioBeIMH HeiitpoHamu: Peterson-47: 100 6apw; Jain-67: Gomee 0.7 GapH
(BO3MOXHO B 4 — 5 pa3); U OOMH DKCIEPHUMEHT MO W3MEPEHUIO CEUeHHUsl 3axBaTa TEIJIOBBIMHU
Heiitponamu - Harbottle67: 12515 O6apu. Ilo omenke Myxabxaba (1984) o=130+£20 OapH;
0.=0.743 6apH. Buaumo, BenuunHa, U3MepeHHas [TeTrepcoHOM, COJICPKUT 00JIBIIYIO
CUCTEMATUYECKYI0 MOIPEUIHOCTh. 3aMETUM, YTO U JUIsl HyKiauaa Ac-227 MexXIy SKCIepUMEHTOM
[Tetepcona (o=2 Oapna) u oneHeHHON BenuuuHOM (0/=0.29 MOapH) HaOmOmaeTcs CUIBHOE
pacxoxIeHue.

DHepreTuyeckue 3aBUCUMOCTH CEUCHU TTOKa3aHbl HAa PUCYHKE 1.
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Pucynok 1 — Ceuenue neneHus 1 paiuallmoOHHOI O 3axBaTa Ha Ra-223.
3akiro4enue

[Tpunsate B POCOOHJ] ounenky N.Takagi, 1988 (JENDL-3.3 = JEFF-3.1 = ENDF/B-
VIIb2)).
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ABTOp 0T0Opa TaHHBIX
Komees B.H.

88.2. Pagnn-224

Anpdpa axtuBeH (T;,=3.6319 nH.). MICTOYHMKOM 3TOrO HW30TONA B SICPHOM TOIUIMBE

232 o
ABJIACTCA O-pacmnan U, BECAYLIIUN K O6paSOBaHI/IIO

228

224
Th, a-pacnamaromerocs B ““'Ra, a Takxke

22 224
pacraz Toprsi-232, MOPOKIAIOUIEr0 > 'Ra, MpeBPAIAIONIErocs 3aTeM B > 'Ra (CM.HIKE paszel

88.5).

B tabmune 2 mpuBOIATCS BENWYHHBI TETUIOBOTO CEYEHUS W PE30HAHCHOTO WHTErpaja s
M30TOIOB pajus, NoJlydyeHHble ¢ nomoipto mporpammsl INTER wu3 makera mporpamm ENDF
UTILITY CODES (release 6.13).

Tabnuua 2 — TenioBble ceYeHUsI U pe30HAHCHBIC MHTETpaJibl H30TONOB pajus (6apH).

Hyxmnn

OrneHka

Tennosoe ceuenue (E=0.0253 3B)

Pe3oHaHCHBINM MHTErpall

[Tonnoe | Ymopyroe | Jlenenne | 3axBart

Jlenenue 3axBar

Ra-224

JENDL

24.5 12.5 - 12.0

- 33.6

B EXFORe HHKaKNX 3KCIIEPUMEHTAIBHBIX TaHHBIX HE COJAEPIKUTCS.
ITo onrenke Myxa6xaba (1984) 6,=12+0.5 6apH co cchuikoi Ha padoty Baerg-53.
OrneHeHHOE TIOBEJICHNUE CCUSHHS 3aXBaTa MOKa3aHO Ha PHCYHKE 2.

Cross section, barn
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Pucynok 2 — Ceuenue paauaiioHHOro 3axBara Ha Ra-224.

3aKao4YeHue

ITpunsate B POCOOHJ] ouenky N.Takagi, 1988 (JENDL-3.3 = JEFF-3.1 = ENDF/B-

VIIb2)).

ABTOp 0TOOpA JTAHHBIX
Komrees B.H.



Pamnoaktusen (T,,=14.9 nn.).McnbiThiBaeT OeTa-pacmaa B 255 Ac. VICTOYHHKOM 5TOTO
2 . 22
M30TONA B SICPHOM TOIUIMBE SBISCTCS o-pactan U, Bexymmil k o6pasoanmio > Th, a-

225
pacmanatomerocs B ““"Ra.

B tabmune 3 mpuBOIATCS BENWYHHBI TETUIOBOTO CEYEHUS W PE30HAHCHOTO WHTErpaja s
M30TOIIOB pajus, NoJlydyeHHble ¢ nomoiupto mporpamMmsl INTER wu3 makera mporpamm ENDF

88.3. Pagun-225

UTILITY CODES (release 6.13).

Tabnuua 3 — TenoBble ce4eHUsI U pe30HAHCHBIC MHTETpalibl H30TONOB pajus (6apH).

Hyxnnn

Oneska

Tennosoe ceuenue (E=0.0253 3B)

Pe3oHaHCHBINM MHTErpal

Ilonnoe

Ynpyroe

Henenue

3axBar

Jenenue

3axBar

Ra-225

JENDL

112.4

12.4

100.

617.

B EXFORe HHKaKHX SKCTIEPUMEHTAJIBHBIX TaHHBIX HE COJEPIKUTCS.
Y Myxabxaba Tak)ke HEeT HUKaKUX OI[CHOK CEYEHHI 3TOro U30TOoMa.
OrieHeHHOE TTOBEJICHUE CEUCHHSI 3aXBaTa MTOKA3aHO HA PUCYHKE 3.
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3akjaouyeHue

[Tpunsate B POCOOHJ] ouenky N.Takagi, 1988 (JENDL-3.3 = JEFF-3.1 = ENDF/B-

VIIb2)).

ABTOp 0TOOpa JAHHBIX

Komzees B.H.

Pucynok 3 — CeueHue paguanmoHHOro 3axBaTta Ha Ra-225.

RA-4




88.4. Pagnn-226

HauGonee monroxusymmii uzorton (T;,=1600 net). UcneiTbiBaeT Oera-pacnan B 22Rn.
VICTOYHHKOM 5TOr0 H30TONA B SACPHOM TOIUIMBE SBISIETCS o-pacman U, BeAymHid K
o6pazoanmio > Th, a-pacnazaromierocs B ~-'Ra.

B Tabnuie 4 npuBOAATCS BETUYMHBI TEIUIOBOTO CEYEHHS W PE30HAHCHOTO MHTErpaja Jyis
M30TONOB paaus, NosydeHHele ¢ nomombio nporpaMMmsl INTER w3 makera mporpamm ENDF
UTILITY CODES (release 6.13).

Tabmuua 4 — TeroBbIe CeYeHUsI M PE30HAHCHBIE HHTETPAIIBI M30TONOB paus (OapH).

TennoBoe ceuenue (E=0.0253 3B) Pe3onancHbIN HHTErpas
Hyxmun | Ouenka
[Tonnoe | Ympyroe | Jlenenue | 3axsar Henenue 3axBar
Ra-226 | JENDL 22.61 9.82 7 MKO 12.79 5.7 Mx6 282.

Copmepxamuecss B EXFORe »skcnepuMeHTanbHbIE JaHHBIE O CEUEHUH JCJICHUS
MIPOTUBOPCUHBEI:

Ames-47: 6=0.11 munnubapH;

Nakahara-74: 6=0.46 mwmuoapH;

Nakahara-76: 6:<0.007 munnubapH;

Omnenka, mpuaaTtas Myxabxabom: 6<0.05 mmumbapa. Kak BumHo, omenka Takarm
omMpaeTcs Ha MocleqHUH pe3ynbpTaT Hakaxapsl.

Conepxkamuecs B EXFORe skcnepumeHTanbHbIe JaHHBIE O CEYCHUH 3aXBaTa:

Peterson-49: 6~=19 6apH;

Hagemann-50: 6=15 GapH;

Butler-53: 6=23+1 6apH;

Ornenka, npunaras Myxabxabom: c.=12.8+1.5 GapH.

Pe3onancHbli uHTerpan mo oineHke MyxaOxaba paBen 280 OapH 0e3 yka3aHHs
MIOTPEITHOCTH.

OneHeHHOe  TOBEACHHME  CEUEHHUS  JIeIeHUS B  CPaBHEHHH C  HMMEIOIIUMUCS
IKCIIEPUMECHTAILHBIMH JJAHHBIMHU TIOKa3aHO HA PUCYHKE 4.
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Pucynok 4 - Ceuenue nenenust Ha Ra-226

Ha pucyHke 5 mokaszaHa OIlEHEHHasi YHEpPreTUYEeCKas 3aBUCUMOCTh ce€deHHus 3axBara. Kak
BUJIHO, PE30HAHCHAs CTPYKTypa CEUEHUM NpPUHATAa BO BHMMaHUE ToJbKO 10 ~300 »3B. Mexny tem
N3BectHhl mapameTpbl 33 pPE30HAHCOB € BHEPruaMu 10 945 3B M MOJIOKEHHUS CEMHU CHIIbHBIX
YPOBHEM BBILLIE 3TOW SHEPTUU.
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Pucynok 5 — CeueHue paguanimoHHOTro 3axBaTa Ha Ra-226.
3akioueHne

[Tpunsate B POCOOHJ] ounenky N.Takagi, 1988 (JENDL-3.3 = JEFF-3.1 = ENDF/B-
VIIb2)).

ABTOp 0TOOpa JAHHBIX
Komees B.H.

88.5. Papun-228

Pamnoaktusen (T,=5.75 ner.). HcnbiThiBaeT Oera pacmajg B 228Ac, KOTOpBIM 3aTeM
pacnazgaercsa B 225Th, KOTOPBIi, HCIBITBIBAs YK€ anb(a-pacnaja MmopokaaeT **Ra. McTOYHIKOM
3TOr0 U30TOMNA B SIAEPHOM TOIUIMBE SIBJISIETCS O-pacrnaj 22T,

[TonHpix HAOOPOB OLICHEHHBIX HEUTPOHHBIX JAHHBIX, KaK OTMEUYajloCh, HE HWMEETCH.
OueHeHHbIE CeYeHUs] HEUTPOHHBIX peakiuil cogepxkarcs B EAF-2003.

B Tabmure 5 mpuBOIATCS BETUYHMHBI TEIUIOBOTO CEYCHHS W PE30HAHCHOTO WHTETpaja Jyis
M30TOIIOB pajus, NoJlydyeHHble ¢ nomoiupto mporpammsl INTER wu3 makera mporpamm ENDF
UTILITY CODES (release 6.13).

Tabnuua 5 — TenioBble ce4eHUsI M pe30HAHCHBIC MHTETpalibl H30TONOB pajaus (6apH).

Tennosoe ceuenue (E=0.0253 3B) Pe3onaHCHBIN HHTErpall
Hykmua | Ouenka
[Tonnoe | Ymopyroe | Jlenenune | 3axBat Henenune 3axBaT
Ra-228 | JENDL - - 2.00 36.0 0.926 16.08

B EXFORe npuBezens! ciieayomye 3KCIepUMEHTaIbHbIE JaHHBIE:
Peterson-47: 6¢<2 6apH;
Depokas-52: 6,=36+5 GapH.
DT pe3yabTaThl NPUHATH 1 MyxabxaOom.
OrieHeHHOE TTOBEJICHUE CEUCHHSI 3aXBaTa MTOKA3aHO HA PUCYHKE 6.
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Pucynok 6 — CeueHue paguanmoHHOro 3axBaTa Ha Ra-228.
3aKkioueHne

[Tpunsts B POCOOHJI ouenky HelTpoHHBIX ceueHuil us EAF-2003.

ABTOp 0TOOpa JAHHBIX
Komees B.H.
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