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3MIIICCl,m KJlacrnpos (llerKIIIX SJAep) RBmleTCR OAHIIIM 1113 MaJlOBepORTHblX 

BIIIAOB paAIIIOaKrnBHOCTIII, KOTOPbli:1 6b1Jl O6HapY)KeH [1-3] 8 oco6o 

6JlaronplllRTHblX CJlyYaRX, KOrAa pacnaA BeAeT K ABa)KAbl Mary 
208

Pb, Ill 

no3TOMY 3HeproBbIAelleHllle MaKCIIIMaJlbHO. np111 60JlbWIIIX 3Hepr111RX 

B036y)KAeHIIIR ( E*:::: 100 MaB) 3MIIICClll51 Kllacrnpos CTaHOBIIITCR OAHIIIM 1113 06bl'lHblX 

KaHaJlOB pacnaAa COCTaBHOro RApa [4]. !HCHO, YTO sepORTHOCTb 3MIIICCIIIIII 

Kllacrnpos B 3aBIIICIIIMOCTIII OT E* AOJl)l(Ha 6b1Tb npeAMeTOM 1113yYeHIIIR. 

npeACTaBJlReT IIIHTepec 06Hapy)l(111Tb O6JlerYeHHYIO 3MIIICCIIIIO MarnYeCKIIIX RAep 

np111 E*- Hlll)l(e 6apbepa AeJ1eH111R AllR Toro, YTO6b1 11130J1111posai-b MexaH1113M 

3MIIICCIIIIII XOJlOAHOro cq>ep111YeCKOro Kllacrnpa OT ABOi4Horo IIIJll,1 Tpoi4Horo 

AeJleHIIIR. B JllllTepaType o6pa30BaH111e HeB036y)KAeHHOro ABa)KAbl MarnYeCKoro' 

OCKOJlKa AeJleHIIIR 
132

Sn np111 cnoHT8HHOM IIIJllll BblHY)KAeHHOM AeJleHIIIIII 

IIIHTepnpernpyeTCR IIIHOfAa [5] KaK 3MIIICCIIIR Kllacrnpa 1113 TR)l(elloro RApa. T.e. 

npeAnOllaraeTCR, YTO nOMIIIMO nocJleAOBaTeJlbHOCrn ,q>OpM 8 AOJllllHe AelleHIIIR, 

BeAyw.ei:1 K q>opMIIIPOBaHIIIIO . OCKOJlKa, IIIMeeT MeCTO nOA6apbepHoe 

npoH111KHOBeH111e HeAeq>opMi-lposaHHOro KJ1acrnpa. 

3Kcnep111MeHTaJ1bHaR nonblTKa Hai4T111 TaKoi4 npou,ecc ocyw,ecTBJleHa a 

HacTORw,ei:1 pa6orn Ha np111Mepe no111cKa pacnaAa 
181 Ta•➔48Ca+133I np111-aHepr111111 

B036y)KAeHIIIR AO 24 MaB. BblXOA 
1331 Ill APYrlllX PaAIIIOaKTIIIBHblX npOAYKTOB -

1113MepeH noclle aKTIIIBal.1,111111 MIIIWeHIII ecTTa TOPMO3HblM 1113JlYYeHllleM C rpaHIIIYHOi:1 

3Heprnei4 24 MaB. AocrnrHyr yposeHb YYBCTBIIITeJlbHOCTW AO 10·11 
OT BblXOAa 

Ha11160J1ee sepomHoi4 ·peaKu,111111 (y,n). OAHaKo 06pa3·osaH111R HIii ocKOJlKOB, HIii 1 

JlefKIIIX Kllacrnpos He o6Hapy)l(eHO. Pe3yJlbTaTbl cpaBHIIIBalOTCR c BblXOAaMIII 

npOAYKTOB peaKLl,111111 y+232
Th, 1113MepeHHblMIII 8 WIIIPOKOM Alllana3OHe MaCCOBblX 

YIIICeJl. B nOCJleAHei:1 peaKLl,111111 OTYeTJllllBO Ha6J110AaeTCR 6111MOAallbHaR CTPYKTYPa 

Maccosoro pacnpeAeJleHIIIR OCKOJlKOB AeJleHIIIR. BblRBJleH TaK)l(e Bbll<OA JlerKIIIX 

RAep 24Na l,128Mg. 

II. 3KcnepMM8HT 

a). PeaK!JHH y+ Ta. 

AKTIIIBaLl,IIIR MIIIWeHei4 TOPMO3HblM 1113JlYYeHllleM npoBOAIIIJlaCb Ha 

MIIIKPOTPOHe MT-25, "1Me10w,eM CJ1eAy10w,111e napaMeTpbl: TOK nyYKa OKOJlO 

15 MKA, MaKCIIIMaJlbHaR 3HeprnR 24 MaB. TopM03HOe 1113JlYYeH111e 

reHep111posaJ1OCb B KOHBeprnpe 1113 BOJlbq>paMa TOJlW,IIIHOi4 2,5 MM. M111weHb 1113 

ecrncTBeHHOro Ta BeCOM 0,6 r noMew,allaCb AJlR 06JlyYeHIIIR BnJlOTHYIO K 

KOHBepTepy, YTO o6ecneYIIIBaJlO MaKCIIIMaJlbHYIO nllOTHOCTb noTOKa TOPMO3HblX _y­
KBaHTOB. noclle IIIHTeHCIIIBHOro O6JlyYeHIIIR 8 TeYeH111e 8-MIII YaCOB HaBeAeHHaR 8 

Ta-MIIIWeHIII aKTIIIBHOCTb IIICCJleAOBaJlaCb C noMOW,blO Ge-AeTeKTopa, IIIMeswero 

pa3peweH111e 1,8 K3B 111 3q>q>eKTIIIBHOCTb 20% no JllllHIIIRM 
6
°Co. AernKTop 6b1J1 



noMeW,eH 8 CBIIIHL\OBblVI AOMIIIK, fAe cj>OH ecTeCTBeHHOVI paAIIIOaKTI/IBHOCTIII 

CHl/l)l(eH 8 20 pa3. 

rnaBHYIO 3arpy3KY y-AeTeKTOpa C03AaBaJJ npOAYKT peaKl..\111111 
181

Ta(y,n) 
18

°Ta9(T112=8, 15 •mca), OAHaKO ero cpaBHIIITeJlbHO MS1fKllle y-Jll/lHIIIIII 

E.;, 93,3 111 103,6-KaB HeTPYAHO noAaBIIITb · nornornrnneM 1113 Pb (5 MM) + 
+ Cd (1 MM)+ Cu (1 MM).· C nornornrnneM· aK,111BHblV1 06pa3e4 ~e MO)l(HO 

.6b1Jl0 noMeW,a.Tb BnJlOTHYIO K AeTeKTOPY, I/IMeS1'nOJ1HYIO CKOpOCTb C4eTa He 6onee 
104 c-

1
. np111 3TOM cneKTp COAep)l(aJl y-Jll/lHIIIH CJleAYIOW,IIIX -~JlaBHblX HYKJJIIIAOB: 

180
Htm (T112 = 5,5 48COB), 

177
Lu (6,7 AH.), 

182
Ta (115 AH.) Ill 

178
Tam (2,4 4aca). 

OHIII o6pa30BaHbl B CJleAylOW,IIIX peaKL\IIIS1X COOTBeTCTBeHHO: 
181

Ta(y,p), 
181

Ta(y,a), 
181

Ta(n, y) Ill 
18

°Tam(y,2n). KpoMe roro, 6b1Jllll BIIIAHbl Jll/lHIIIIII, np111HaAJ1e)l(aw,111e 

npoAyKTaM peaKL\IIIVI Ha np111MeCS1X Nb; Zr Ill Fe. 8 Ka4eCTBe MaTeplllaJla MIIIWeHIII 

111cnOJ1b30BaJlCS1 TeXHlll4eCKIIIVI Ta, TeM He MeHee APYflllX IIIHTeHCIIIBHblX np111Mecevi 

BblS1BJleHO He 6b1.i10. 

8 nplllCYTCTBIIIIII BblWeynOMS1HYTblX y-aKTI/IBHOCTeVI 6b1Jl ocyw,eCTBJleH nOIIICK 

J1111H111vi, np111HaAJJe)l(aw,111x TaKIIIM KJJacTepaM, KaK 
7
Be, 

24
Na, 

28
Mg, 

38
S, HyKJ1111AaM 

1331 111 
1351, AOnOJlHI/ITeJlbHblM K KJJacrnpaM. 

48
Ca Ill 

46
Ca, a TaK)l(e OCKOJlKaM 

c111MMeTplll4Horo AeneH111S1 
87

Kr, 
91

Sr, 
103

Ru 111 
105

Ru. H111 OAIIIH 1113 ar111x HYKJJIIIAOB He 

6b1J1 o6Hapy)l(eH c pa3HblM yposHeM 4YBCTBIIITeJlbHOCTIII, KOT0pbIvi onpeAeJ)S1eTCS1 

IIIHAIIIBIIIAYaJlbHblMIII S1AepHo-cneKTPOCKOn1114ecKI/IMIII CBOClCTBaMIII Ka)l(AOfO 

HYKJllllAa, OTCYTCTBllle OCKOJlKOB CIIIMMeTplll4HOfO AeJJeHI/IS1 BnOJJHe 3aKOHOMepHO, 

T.K. 6apbep AeJ1eH111S1 
181

Ta, paBHb1vi 6onee 25 MaB cornacHo rnopeT111YecK111M 

pac4eTaM, npeBOCXOAIIIT rpaH,1114HYIO 3Hepfllll0 T0pM03HOfO cneKTpa. 

s:!Apa 
24

Na, 
28

Mg Ill 
38

S 111cnycKalOT np111 pacnaAe y-KBaHTbl BblCOK0VI 

3Hepr111111: 2753,9; 1778,9 111 1941,9 K38 COOTBeTCTBeHH0. 8 3TOC1 06J1aCT111 

y-cneKTpa cj>OH AOBOJlbHO Hlll30K Ill 3TO n0380Jll/lJl0 npOABIIIHYTbCS1 AO ypOBHS1 

4YBCTBIIITeJlbHOCTIII OK0Jl0 10-
10 

OT BblXOAa (y,n)-peaKl..\111111. ,QJ1S1 
1331, IIIMelOw,ero 

Ha1116onee IIIHTeHCIIIBHYIO Jll/lHIIIIO 529,9 K38, Ill AJ1S1 APYflllX 11130T0n0B 

IIIHTepecylOW,IIIVI • Alllana30H 3Hepn1111 KBaHTOB CIIIJlbHO 3arpy)l(eH cj>OHOBblMIII 

OTC4eTaMIII, 8 4aCTHOCTIII, MOW,HOVI KOMnTOHOBCKOVI C0CTaBJlS1IOW,eC1 cneKTpa 
182

Ta. 

8 pe3YJlbTaTe npeAeJlbl BblXOAa AJ1S1 60JlbWIIIHCTBa HYKJJIIIAOB 6b1Jllll Ha. YPOBHe 
10-B_ 

4T06bl yBeJllll4111Tb 4YBCTBIIITeJlbHOCTb onpeAeJJeHIIIS1 paAIIIOHYKJJIIIAOB IIIOAa, 

6b1Jl np111MeHeH. paAIIIOXIIIMlll4eCKIIIVI MeT0A ceneKTIIIBHOfO BbIAeJJeHI/IS1 IIIOAa C 

BblCOKOVI 04111CTKOVI OT TaHTaJla. MeTaJlJllll4eCKIIIC1 Ta-06pa3e4 nocne o6ny4eHIIIS1 

HarpeeancS1 s noroKe B03Ayxa AO TeMnepaTypbI 800-900°C, np111 3T0M TaHTaJl 

paCCblnaJlCS1, npespaw,aS1Cb B nopoWOK 0KIIICIII, Ill OTAaBaJl see J1erKOJ1ery4111e 

cj>paK4111111 B ra3osyio cj>a3y. 111oA oca)l(AaJ1cS1 1113 ra3osoro noroKa Ha cne4111aJ1bHOM 

cj>IIIJlbTpe. raMMa-cneKTP noJJy4eHHOfO 06pa34a {cj>IIIJlbTpa) noKa3aH Ha PIIIC.1. 

BIIIAHbl Jll/lHIIIIII 11130T0nOB Ta, a TaK)l(e cj>OH ecTecTBeHHOVI paAIIIOaKTIIIBHOCTIII Ill 

Jll/lHIIIIII 
152

Eu, np111cyTCTBYIOW,llle 8 pe3YJlbTaTe 3arpS13HeHIIIS1 CBIIIHL\OBOVI 3aW,IIITbl 

AeTeKTopa. AKTIIIBHOCTb, oca)l(AeHHaS1 Ha cj>IIIJlbTpe, COCTaBJ1S1eT MaJlylO AOJllO OT 

nOJlHOVI; 6b1Jl 3acj>IIIKCIIIPOBaH K03cj>cj>1114111eHT 04111CTKIII OT Ta B 10
8 
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P111c.1. 

HoMep IC&HaJlll 

raMMa-cneKTP cj>paKl..\111111 IIIOAa, 1113MepeHHblVI ·s Te4eH111e 16-TIII 

'-laCOB 4epe3 3 Yaca noc11e OKOH4aHIIIS1 0611y4eHIIIS1 TaHTaJJOBOVI 

MIIIWeHIII. OTMe'leHbl y-Jll/lHIIIIII ecTeCTBeHHOVI P8AIIIOaKTIIIBHOCTIII ( ■) 
Ill espon111S1-152 ( □), nplllCYTCTBylOw,ero 8 pe3YJ1bTaTe 3arpS13HeHIIIS1 

3aW,IIITbl AeTeKTopa 

3 



8 cneKTpe cj>paKU.111-1 11OAa KPOMe cj>oHa AeTeKTopa 6b1Jll1 Hem1<11AaHHO 

Bbl5lBJleHbl Jll1Hl,11,1 250,2 1,1 140,5 K3B, npl-1HaAJ]e)Kall.l,11e paA11OHYKJll-1AaM 
39

Cl 

(56 Ml,1H·) 1,1 
9
9Tcm (6,0 Yac) COOTBeTCTBeHHO. noc11eAHl-1C1 o6pa3yeTC5l 8 

peaKu.1-11-1 •· 100Ru (y,p) Ha np11Mec1,1 PYTeHl-151 8 TaHTaJle, ou.eHeHHOe KOJll-14eCTBO 

PYTeHl-151 COCTaBJl5leT OKOJlO 10-B r/r. HyKJll-1A 
39

Cl o6pa30BaH 8 peaKU.1-11,1 
40

Ar (y,p) 

Ha np1-1Mec1,1 Ar s aTMOccj>epHOM BO3Ayxe 11 cop611posaH Ta - o6pa3U.OM s 

. npou.ecce 0611yYeH1-15l. TaKoe npo1,1cxo)KAeH11e 
39

Cl nposepeHo noMew.eH11eM Ta­

M1-1weH1-1 8 3aKpblTYIO MeAHYIO KacceTy, TOrAa BblXOA 
39

Cl He Ha6JllOAaJlC5l. 

np11CYTCTBl-1e . 
39

Cl 11 
99

Tcm Ha !pl-1JlbTpe nOATBep)KAaeT 3cj>cj>eKT1-18HOCTb 

X11Ml-14eCKOro BblAeJleHl-151 11erKOJ1eTYYl1X ra11oreHOB 1,1 OK1,1Cl,1 TeXHeU.1-151. 

X11Ml14eCKl,1~ BblXOA ra11oi-eHOB 6b1Jl onpeAeJleH 8 OTAeJlbHblX MeTOA11YeCKl,1X 

onblTaX, OH OKa3aJlC5l paBHblM OKOJlO 80%. 

KaK B11AHO 1,13 p1,1c.1, Jll,1Hl,11,1 526,6 1,1 529,9 K3B HYK1ll-1AOB 
1351 1,1 

1331 He 

B11AHbl 8 cneKrpe. OTCIOAa sepXHl-1C1 npeAeJl BblXOAa 3Tl-1X paAl-1OHYKJll-1AOB 

3acj>11KCl-1posaH Ha peKOPAHO Hl,13KOM ypoBHe OKOJlO 10-
11

, KOTOpblCl 

COOTBeTCTByeT, ceYeHl-1IO l,1X o6pa30BaHl15l 8 peaKL.\l,11,1 y+
181

Ta Hl-1)Ke 10-
35 

CM
2

. 

CJleAOBaTeJlbHO, 0611erYeHHa5l 3Ml-1CC1,15l ABa)KAbl MarnYeCKOrO KJlaCTepa 
48

Ca He· 

11MeeT MeCTa. 

6). PeaKµm1 y+232Th. 
CxeMa 3KCnep1,1MeHTa C TOpl1eM He OTJll1YaeTC5l np1-1HL.\l-1n11aJ1bHO OT 

Bb1weon1,1caHHOC1 AJl5l TaHTaJla. 8 KaYeCTBe l-1CXOAHOro MaTep1,1a11a AJl5l 

1,13rQTOBJleHl-15l Ml-1WeHl-1 6b1Jla 8351Ta nepeKl-1Cb TOpl-151 BblCOKOCl CTeneHl,1 O41,1CTKl,1. 

3rn 6b1110 Heo6XOAl-1MO, YT06b1 1,136e)KaTb np11CYTCTBl-15l np1-1MeceC1, KOTOpb1e 

MOrlll,1 C1-1My111,1poBaTb BblXOA c11a6blX aKTl,18HOCTe~ B npOAYKTaX cj>OTOaKTl-1Bal.\1111 

TOPl-151. Hanp11Mep, np1-1Mec11 Na, Mg 1,1 Al MoryT np1-1BOAl-1Tb K o6pa30BaHl1IO 
24

Na 

8 peaKL.\1-15lX C y-KBaHTaMl-1, TenJlOBblMl,1 1,1 6blCTpblMl,1 HeClTpOHaMl-1 Ha _nyYKe 

Ml-1KPOTPOHa. M1,1weHb 6b1Jla np11rOTOBJleHa CJleAylOLlJ,l,1M o6pa30M: nepeKl-1Cb 

TOPl-151 nepeBOAl-1JlaCb 8 OKl1Cb nYTeM npoKaJll-1BaHl,15l 8 n11aTl-1HOBOM Tl-1rJle np11 

TeMnepaTYpe OKOJlO 8OO°C ·B TeYeH1,1e HeCKOJlbKl-1X YaCOB. no11yYeHHa5l OKl-1Cb 

pacT11pa11acb s MeAHOCl YawKe s Me11K1-1C1 nopowoK. 3aTeM MeTOAOM npeccosaHl-151 

6b111a .l-13roTOBJleHa Ta611eTKa TOJlllJ,1,1HOC1 2 MM, OHa 8 O60Jl04Ke 1,13 MeAHO~ 

cj>OJlbrl-1 nOMew.a11acb Ha nyYOK TOpMO3HOro 1,1311yYeHl15l AJl5l cj>OTOaKTl-1Bal.\111,1. 

noc11e 0611yYeHl-15l aKTl,18HOCTb KOpOTKO)K1,18YW.1-1X OCKOJlKOB AelleH115l, 

HaKOnJleHHblX 8 Ml-1WeHl-1, 6b1Jla CTOJlb BblCOKa, YTO 1,13MepeHl,15l y-cneKTpOB MO)KHO 

6b1JlO HaYaTb TOJlbKO noc11e OXJla)KAeHl-151 8 TeYeH1,1e 5 Ya_COB. np1,1 3TOM 

o6pa3el.\ noMell.l,aJlC5l Ha paCCTO5lHl11,1 OKOJlO 1 M OT Ge - AeTeKTOpa C 

1,1cno11b3OBaH1-1eM nornornrn1151: 10 MM Pb+Cd+Cu. raMMa-cneKTpb1 6b11111 

1,13MepeHb1 MHOroKpaTHO, no Mepe pacnaAa aKT1-1BHOCT1-1 o6pa3el.\ nepeMew.a111,1 

6Jll-1)Ke K AeTeKTopy. All5l scex n031-1L.\l-1Cl 1,13MepeHa 3aBl1Cl-1MOCTb 3cj>cj>eKT1-1BHOCTl,1 

AeTeKTOpa OT 3Heprn1,1 y-KBaHTOB. 8 pe3yJlbTaTe nollyYeHa 8O3MO)KHOCTb 

npocJleA11Tb pacn3A y-Jll,1Hl,1C1, a TaK)Ke o6ecne41-1Tb BblCOKylO 4YBCTBl,1TeJlbHOCTb 

l-13MepeH1,1C1 KaK AJl5l YaCOBblX, TaK 1,1 AJl5l 6011ee AOJlrQ)Kl,1BYW.11X HYK1l11AOB. 

4 

<>-

r 

\ 
I 

8 YaCTHOCTl1, 6b1Jl0 ycTaHOBJleHO OTCyTCTBl-1e TaKl-1X AOJlrQ)Kl,18YW.1-1X npOAYKTOB 

cj>OTOHeC1TpOHHblX peaKU.1-1~. KaK 
22

Na, 
51

Cr, 
54

Mn, 
58

Co, 
65

Zn, YTO nOATBep)KAaer 

BblCOKYIO 41-1CTOTY o6pa3L.\a. 

B 1,13MepeHHblX y-cneKTpax 1-1AeHrncj>l1L.\1,1POBaHbl Jll,1Hl,11,1 6011ee YeM 50. 

OTAeJlbHblX HYKJll-1AOB-OCKOJlKOB AeJleHl-151. MHorne 1,13 Hl-1X, 5lB/15l5lCb KOHeYHblM 

51APOM 8 L1en1,1 P--pacnaAOB, aKKyMy111,1py10T 8 ce6e nOJlHblCl AblXOA 1,1306apHoC1 

L1enOYKl,1, KyMyJl5lT1,18HblC1 BblXOA TaKl-1X HYK1ll-1AOB, onpeAelleHHblCl no 1,13MepeHHO~ 

y-aKTl-1BHOCTl-1, no3so111,111 noCTPOl-1Tb 8 KOHeYHOM l-1TOre Maccosoe 

pacnpeAeJ1eH1-1e OCKOJlKOB AelleHl-151. OHO noKa3aHO Ha p1,1c.2. Afl51 HeKOTOPblX 

TOYeK AaHbl CJlyYaC1Hble ow1,16K1-1, _l,1HOrAa OHl,1 He npeBOCXOA5lT pa3Mep TO4Kl1. 

BMeCTe C TeM Cl-1CTeMaT1-1YeCKl-1e norpeWHOCTl,1, CB5l3aHHble C HenOJlHOCl 

KYMYJl5lT1,18HOCTblO 1,1Jll,1 C HeTO'lHOCTblO Ta6Jll-14HblX AaHHblX O CBOClcrnax pacn3Aa 

. HYK111-1AOB 1,1 AP-' MOrYT npeBOCXOAl-1Tb c11yyaC1Hble ow1,16K1-1. HopMl-1POBKa 

Maccosoro pacnpeAeJ1eH115l ocyw.ecTs11eHa s npeAnOJ1O)KeH111-1, YTO BblXOA Maccb1 

8 MaKC11MyMe AOCrnraeT 6,5% OT nOJlHOro BblXOAa peaKL.\l-11,1 AelleHl-151 [6]. 

Ha p1,1c.2 OTYeTJll18O Bl-1AeH n1-1K Cl-1MMeTPl14HOro AeJleHl15l, YTO noKa3blBaeT 

npe1-1MyL1.1,eCTBO MeTOAa akrnsau.1,11,1 AJl5l 1,1CCJleAOBaHl15l 61-1MOAaJ1bHOC1 np1,1pOAbl 

AeJleHl-151. KoHeYHO, cpaBHeH1,1e C pe3yJ1bTaTaMl-1, no11yYeHHblMl1 MeTOAOM 

speMeH1,1 npo11ern OCKOJlKOB 1,1Jll,1 E1xE2-MeTOAOM (CM,Hanp1-1Mep, [7]) He MO)KeT 

6b1Tb np51MblM, T.K. 3AeCb Mbl. no11y4aeM pacnpeAeJ1eH1-1e KOHeYHblX, a He 

nepBl-14HblX Mace OCKOJlKOB. TeM He MeHee nonpasKa Ha 1,1criycKaH1-1e HeC1TpOHOB 

He 1,13MeHl1T KaPAl-1HaJ1bHO Bl-1A Maccosoro pacnpeAeJ1eHl15l, noKa3aHHblC1 Ha 

p11c.2. . 

A1151 P51Aa 11erK1-1x p- aKrnBHb1·x 51Aep s peaKL.\1-111 y+
232

Th onpeAelleH 

sepxHl1C1 npeAeJl BblXOAa. np1,1cyTCTBl-1e MOW.HO~ y-aKTl1BHOCTl,1 OCKOJlKOB AelleHl,151 

np11se11O K HeBO3MO)KHOCTl,1 AOCTl,1'-lb CTOJlb rny60Kl,1X npeAeJlOB, KaK B CJlyYae 

peaKL.\111,1 y+ 181
Ta. 111HTepeCHO, OAHaKO, o6paTl-1Tb BHl-1MaH1,1e Ha TO, YTO HYK1ll-1Abl 

24
Na 1,1 

28
Mg o6Hapy)KeHbl 1,1 1,1x BblXOA Ha HeCKOJlbKO nop5l,UKOB seJll-141,1Hbl BblWe, 

YeM npeAeJlbl, AaHHble AJ15l Ta. Xorn np1-1MeCb Na B .Th-Ml1WeHl1 1,1CKJll04eHa 

• HeHa6J110AeH1-1eM 
22

Na (CM.BblWe), HYK1ll-1A 
24

Na Mor 06pa3osaTbC5l Ha np1-1MeC5lX 

Mg 1,1 Al. BMeCTe C TeM 
28

Mg He 06pa3yeTC5l Hl,1 B OAHOC1 peaKL.\l,11,1 C cj>OTOHaMl,1 

1,1111,1 HeClTpOHaMl-1, KpOMe peaKL.\l,11,1 ·
30Si (y,2p). noclleAH515l (Aa)Ke ec111,1 6bl 

np11MeCb Si COAep)KaJlaCb 8 rnp111,1) He Morna l-1MeTb MeCTa B ,naHHOM 

3KCnep1,1MeHTe, T.K. nopor peaKL.\l,11,1 BblWe rpaHl-14HO~ 3Heprn1,1 TOPMO3HOro 

cneKTpa. CJleAOBaTeJlbHO, 
28

Mg o6pa3yeTC5l B cj>OT051AepHo~ peaKL.\l,11,1 Ha TOPl1H. 

3TO O3HaYaeT K TOMY )Ke, YTO Ha6J110AeH11e 
28

Mg nOATBep)KAaeT KOCBeHHO 

Henp11MecHoe npo1,1cxo)KAeH1-1e 
24

Na. 06 06pa3osaH1-11-1 
24

Na a peaKL.\1111 y+
232

Th 

paHee coo6w.a11ocb a [8]. OAHaKo onacHa5l po11b np11MeceC1 Tpe6osa11a 

AaJ1bH8ClW1-1X 3KCnep1,1MeHTOB. 
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At 
Maccosoe pacnpeAeJ1eH111e np0AYKT0B peaKu111111 y+

232
Th np111 

Em=24 MaB. T04KaMI/I AaHbl KYMYJJSITIIIBHble BblX0Abl 1/1306apHblX 

ueno4eK_ s npoueHTax OT nonHoro 4111cna AeneH111i?I 

6 

l 

I 

\ 
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Ill. O6cy>KAeH11e pe3ynbT3T0B 

B Ta6n111ue AaHbl 41/1CJleHHble 3Ha4eHIIISI BblX0Aa I/IJllll sepxH111e npeAellbl 

BblX0Aa AJJSI nerKI/IX S!Aep, a TalOKe AJJSI HeK0TOpblX APYrlllX np0AYKT0B. 

OTHOCIIITeJlbHblVI BblX0A H0pMlllp0BaH K BblX0AY Ha1116onee sep0SITH0VI peaKUi/1111 -

(y,n). B CJ1y4ae MIIIWeHI/I 1113 TOplllSI Ha6J110AaJ11/1Cb 0CK0JlKI/I AelleHIIISI, a BblX0A (y,n)­

peaKUi/1111 Bbl41/1CJleH C 111cnoJ1b30BaHllleM JllllTepaTYPHblX AaHHblX 06 0TH0WeHIIII/I 

BblX0A0B q>OTOAelleHIIISI TOplllSI Ill q>0TOHei?ITpOHHOVI peaKUi/1111 [6). B rn6n111ue B 

CK06Kax np111BeAeHbl CJly4alliHble norpeWHOCTI/I 1/13MepeHHblX BeJllll4111H, OHi/i He 

BKJll04alOT B ce6si HIii norpeWH0CTb H0PMIIIP0BKIII, HIii B03M0)1(Hble APYrllle 

CI/ICTeMaTlll4eCKllle norpeWH0CTI/I. 31:1eproBblAeJ1eH111e Q peaKUi/1111 noKa3aH0 B 

rn6n111ue T0JlbK0 AJJSI CIIIJlbH0 acl/lMMeTplll4HblX np0AYKT0B. Perl/lCTp111pyeMble 

0CK0JlKI/I AeJJeHI/ISI nocne 3MIIICCIIII/I HelliTp0H0B Ill uen111 p--pacnaAOB 0Ka3blBalOTCSI 

AaJJeKIII OT nepB1114HblX np0AYKT0B peaKUIIIIII, noaT0MY 3Ha4eHI/ISI Q He np111B0ASITCSI 

B rn6n111ue 1113-3a HeonpeAeJleHH0CTIII pac4eTa. MaKCI/IMaJlbHaSI 3Hepr111Sl 

B036y)l(AeHI/ISI C0CTaBHblX SIA~P E: pasHa _24 MaB. B peaKUIIIIII pean1113yeTCSI 

n0JJHaSI 3Hepr111S1 Q+E:. Bee )Ke 60JlbWI/IHCTBO np0AYKTOB (CM.Ta6n.) M0)KH0 

C4111TaTb 06pa3y10W,I/IMI/ICSI B rny6oKonoA6apbepHblX npoueccax. Bbl41/1CJll/lM 

KYJJ0H0BCKI/IVI 6apbep, Hanp111Mep, AJJSI B3alllM0Aei?ICTBI/ISI 24Na C A0n0JJHIIITeJlbHblM 

np0AYKTOM. Ansi arnro 111cnoJ1b3yeri.1 o6bl4HYIO cpopMyny: 

BC = 1,44Z,Z2 
2 + 1,2(A:'3 + A~3) MaB. (1) 

BKJJI04eHllleM cnaraeMoro 2 q>M s 3HaMeHarnne acpcpeKTI/IBHc:i y4TeHa 

Alllcpq>y3HOCTb pacnpeAeJJeHIIISI S!AepH0VI MaTep111111. OTHoweH111e (Q+E:)/Bc. 

noKa3blBaeT crnneHb noA6apbepHOCTI/I npouecca. Ansi 3MI/ICCIIII/I 
24

Na 1113 
181

Ta 

OHO paBH0 0,64, a 1113 232Th - 0,75. np111"'lleeex0Ae OT Ta K Th ysen1114"1,11saeTCSI KaK 

Q peaKu111111, TaK III Be, s pe3YJJbTaTe ornoweH111e (Q+E:)/Bc MeHS1eTCS1 He o4eHb 

CIIIJJbH0. OAHaKo npeAeJJ BblXOAa 24Na Hlll)Ke Ha 4 nopsiAKa seJJlll4111Hbl s cny4ae Ta 

no cpaBHeHIIIIO C Th (CM.Ta6JJIIIUY)- Ta )Ke CIIITYaUIIISI Ill AJJSI 
28

Mg. BIIIAIIIM0, 3TO 

TPYAH0 06bS1CHIIITb T0JlbK0 sn111siH111eM Q peaKu111111. 

CpaBHIIIM. BblX0A APYrlllX np0AYKT0B. no AaHHblM Ta6Jlllll..lbl BIIIAH0, 4TO 

BblX0A 0CKOJJKOB AeJ1eH111S1 Kr-Ru yMeHbwaeTcsi np111 nepexoAe OT Th K Ta 6onee 

4eM Ha 5 nopSIAK0B. Belll/l41/1Hbl, a SIAeP III0Aa Aa)Ke 6onee 4eM Ha 8 nopSIAK0B. 

~CHO, 4T0 AeJ1eH111e nonHqCTblO I/ICKJll04eH0 AJJSI TaHTaJJ0BOVI MI/IWeHI/I, 4TO He 

npornsope4111T rnopern4eCKIIIM oueHKaM 6apbepa AeJ1eH111si B,~25 MaB AJJSI 
181

Ta. 

TaKI/IM o6pa30M, ecnicTBeHHO npeAn0Jl0)KI/ITb, 4T0 BblX0A 
24

Na Ill 
28

Mg 

K0ppen111pyeT C AeJJeHl/leM. 111CKJll04eHllle AeJJeHIIISI IIICKJll04aeT Ill BblX0A nerKI/IX 

S!Aep. KorAa B 3KCnep111MeHTe . nplllCyTCTByeT TaK0lli o6beKT, KaK 

CIIIJlbH0AecpopM111posaHHaS1 AeJJSIW,aSICSI CI/ICTeMa, T0rAa o6pa3ylOTCSI Ill KJJaCTepbl 
24Na 1/1 28Mg. 3MI/ICCI/ISI 24Na KaK npoAyKTa Tp0VIH0fO AeJJeHI/ISI T0pl/lSI np111 E: = 
28 MaB 06cy)l(AaJ1aCb B [8). 3AeCb nony4eHbl A0n0JlHI/ITeJlbHble A0Ka3aTeJlbCTBa 

B n0JJb3Y TOro, 4T0 
24

Na I/ICnycKaeTCSI 1/13 AeJJSIW,ellicsi CI/ICTeMbl. O6Hapy)l(eH 
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Ta6mn"a. OrnocHTeAhHhIH BhIX0A rrp0AYJCT0B cpoT05IAepHbIX peaKQHH c 
MHIIIeH.HMH 181Ta H 232Tb, H3MepeHHhIH rrpn rrpeAeAhHOH 
:mepnm T0pM03Horo crreKTPa · 24 M3B · 

npoAYKT nep110A M11wet1b 181
Ta Ml1Wet1b 

232Th 
nonypacnaAa Q. M::>B BblXOA. 0. M::>B BblXOA 

180Tag 8, 15 4aca -7,6 1 •) - -

180Hfm 5,5 4aCOB -7,0 5,6(3)-10·5 - -

177Lu 6,7 AH. 1,5 6,8(1,8)-10"6 - -
-

1351 6,6.Yaca 78,5 :5:O,9-10·1.0 - 5, 70(2)-10·3 

1331 20,8 yaca 81,7 :5:1,5-10"11 - 5,12(4)-10"3 

\ 

1osRu 4,44 Yaca - :5:2-10"8 - 3,0(2)-10"4 

103Ru 39,3 AH. - :5:4-10"8 - 4,47(5)-10"4 

g1Sr 9,5 4aCOB - :5:3,7-10"8 - 5,92(2)-10·3 

87Kr 1,27 Yaca - :5:1,4-10"8 - 4,36( 13)-10·3 

59Fe 44,5 AH. 84,8 :5:3, 1-10"8 125,5 :5:5,8-10"7 

38S 2,84 Yaca 56,7 :,;1-10·10 87,0 :5:2,8-10"6 

' 
2sMg 20,9 yaca . 37,3 :,;1,2-10·10 69,0 1,3(2)-1 o·6 

24Na 15,O Yaca 28,0 :5:0,7-10"10 50,9 6,2(1,2)-10"7 

.. 
7Be , 53,3 AH:·1'.-l''' "' -10,3 :5:1,7-10"7 -4,2 :5:1,2-10"5 

V''··.- .-

*) 3a eA~HVII.J,Y npVIHRT BblXOA (y,n)-peaKI.J,VIVI. 

8 

I 

TalOKe BblXOA 28Mg, KOTOpblH OKa3aJlCR HeCKOJlbKO BblWe, 4eM AJlH 
24

Na. 
nocneAHee o6CTOHTeJlbCTBO He11erKO nOHHTb B npeAnOJlO)l(eHVIVI MexaHVl3Ma 
06bl4HOro TPOHHOro AelleHVIH C 3MVICCVleH 11erKVIX H}lep Vl3 weHKVI. npe}lCTaBJlHeT 

VIHTepec onpeAelleHVle BblXOAa VI APYrHX 11erKVIX HAep nyrnM yseJlVl4eHVIH 
4YBCTBVITeJlbHOCTVI 3KCnepV1MeHTOB. OTO MO)l(eT npOJlVITb HOBblH CBeT Ha Me­

xaHVl3M npo1.J,ecca. 

C APYrQH CTOpOHbl, 3MVICCVIH • 11erKV1X HAeP Vl3 AecpopMVlpOBaHHOH 
Aemrn.J,eHCH CVICTeMbl He HBJlHeTCH no cyni rny6oKonoA6apbepHblM npo1.1,eCCOM, 
T.K. KYJlOHOBCKVIH 6apbep CVIJlbHO CHVl)l(eH Vl3-3a Ae¢opMal.J,VIVI. HanpVIMep, B 
pa6orn [9] BblXOA HJlep '24Na VI 28Mg TaK)l(e 66111 o6Hapy)l(eH npV1 pacna}le 

COCTaBHblX HAep n11yTOHVIH C E* 6011ee 20 M3B VI 6b1Jl CAeJlaH BblBOA 06 VIX 
o6pa30BaHVIVI B npo1.1,ecce TPOHHOro AeJleHVIR. KaK CJle}lyeT Vl3 HaWVIX 

Vl3MepeHVIH, 3MVICCVIH HAep 
24

Na VI 
28

Mg Vl3 HeAeJlRU.J,erocH COCTaBHOro H}lpa 
181Ta npVI E*:5:24 M3B He VIMeeT MeCTa. K TOMY )Ke nocTaBJleH BeCbMa HVl3KVIH 

npe~eJl Ha BblXOJl ABa)l(Abl fy1arH4eCKOro Kllacrnpa 
48

Ca. TaKVIM o6pa30M, AaHHaH 
pa6ora He nOATBep)l(AaeT aKTVIBHO o6cy)l(AaBWVleCH B noc11e}lHV1e rQAbl 
BO3MQ)l(HQCTVI rny6oKonoA6apbepHoro CJlVIHHVIR VI AelleHt,rn, HanpVIMep, [10]. 

IV. 3aKmolfeHHe 

l,,fay4eH BblXOA q>OTOHAepHblX peaKI.J,VIH Ha MVIWeHHX 181Ta VI 232Th npVI 

MaKCVIMaJlbHOH 3HeprviV1 TOPMO3HOro cneKTpa - 24 M3B. C BblCOKOH 
4YBCTBVITeJlbHOCTblO ocyU.J,eCTBJleH nOVICK 3MVICCVIVI MarwieCKOro KJlaCTepa 48Ca VI 
11erKVIX HAep 24Na lt1 28Mg. nocJleAHVle ABa o6Hapy)l(eHbl B COCTaBe 

paA1t1OaKTV18HblX npOAYKTOB q>OTOaKTVIBal.J,Vll,1 TOplt1H. Maccosoe pacnpeAeJ1eH1t1e 

OCKOJlKOB q>OTOAeJ1eH1t1H 
232

Th rlOKa3blBaeT HBHylO 6VIMOAaJlbHylO CTpyKTypy. 8 

c11y4ae M1t1WeH1t1 1,13 Ta He o6Hapy)l(eH BblXOA Hlt1 OCKOJlKOB AeJ1eH1t1H, Hl,1 11erK1t1X 
KJlaCTepos. 06cy)l(AaeTCH 3Mlt1CCVIH 11erKV1X H}lep 1,13 Aem1U.J,eHCH CVICTeMbl. 

AsTOpbl 611aro}lapHbl B.A.Xa11K1t1Hy 3a npeAOCTaBJ1eH1t1e csepX4VICTOH 

nepeKlt1CVI TOP1t1R 1t1 A.H.WaMaHVIHY 3a noMOU.J,b B nOArQTOBKe Mlt1WeHeH. 
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