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BOHOB 

ions 

1. B a e LX e H H e 

Pa6oTa nocasweHa Hay~eHHID oco6eHHOCTeA o6paaoaaHHR TpaHcypaHOBhlX aneMeH

Tos B RLlepHhlX peaKUH!IX C MHOr038p!1LlHblMH HOH8MH. 0LXHOA H3 H8H6onee CyWeCTBeH

Hb!X ~8CTeA aTOll 38Ll8~H RBnHeTC!I BhiRCHeHHe npH~HH, npHBOLlSIWHX K pa3nH~HbiM ce

~eHH!IM o6p83?,S8HHSI 0LlHH8KOBhlX H30TOUOB S pe8KUH!IX 0 HLlyWHX ~epea OLlHH H Te )Ke 

COCTaBHhle !1Llp81 KOTOpb!e nony~aroTCH0 0LlH8K0 0 pa3HhlMH nyTHMHf T.e. npH paanH~Hb!X 

Ill 
KOM6HH8UHSIX 5oM6apLXHpyiDWHX ~8CTHU H MHWeHeA • 

HaH6onee uenecoo6pa3HhlM LXns aToll uenH npeLXcTaanseTCSI nony~eHHe H30Tona 

250 
Fm 100• 3ToT H30Ton o6paayeTcs a Tpex aHanorH~HhiX peaxuHsx: 

Pu241 + Cl3 
94 6 

Fm 254 .. Fm250 + 4n .. 
100 100 

U 
238 + 16 254 250 
92 ° 8 .. Fm 100 .. FmlOO + 4 n. 

232 22 254 250 
Th 90 + Ne 10 .. Fm lOO .. Fm 100 + 4n. 

·., 

F 250 6 (T 30 m 100 XOpOWO H3y~eH H YLlO eH Lln!l perHCTp8UHH DO a -axTHBHOCTH lf
2

- MHH;' 

717 121 131 E •7,43 Mas). HccneLXoBaHHe nepahlx LXsyx peaxuaA ShinonHeHo B pa6oTax • • , a 
TpeTbSI )Ke peaxuHH Hay~anacb s HaCTosweA pa6oTe. 

2. MeTOLXHxa axcnepHMeHTa 

22 B npeLXsapHTenbHhiX onhiTax. no o6ny~eHHro TopHeSbiX MH.uJeHeil HOHSMH Ne 
10 

6binO 05Hapy)KeH01 ~TO CO 3H8~HTenbHbiM SbiXOLlOM HLlYT pe8KUHH, npHBOLlSIWHe K o6-

226 225 224 
paaosaHHID HecxonbKHX H30Tonos BKTHHHB: Ac Ac , Ac • a - 8KTHSHOCTb 

p51Ll0B, p0LlOH8'i8nbHHK8MH KOTOpbiX !1Sn!IIDTC51 3TH H30TOllbi, C03Ll8na P!lll TpyllHOCTeA 
250 

npH H3y~eHHH peaKUHH C Sb!XOLlOM Fm • 0CHOSH8!1 H3 aTHX TPYLlHOCTeA CSSI38H8 

c ~OHOM s o6nacTH 7,43 Mas Ha-aa HH3KOaHepreTH'iHOro 'xsocTa' HHTeHcHsHoA 
. 214 226 . 

nHHHH Po (7,65 Mas), nony~arowerocs s peaynbTaTe pacnaLXa Ac : 

Pb210,JI7.65 Mas pJ1'!-e 
82 1 6 10-4 84 , • cex 

226 
Ac89 -· 29 ~ac 

13 80% ... 
7.13MaBRn218 ...,.a6.55M9BRa22~a 6.3JMas Th~6 

86 38 ceK 88 30 MHH 0,019 cex 
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PeaKUHH c o6pa3osaHHeM 

226 
Ac HMeeT nonepe'IHoe ce'leHHe nopsaKa He-

CKOJlbKHX MHKpo6apH y}Ke s6nH3H KynoHoscKoro 6apbepa. C ysenH'IeHHeM aHeprHH 

250 Ne22 ce'leHHe 6blcTpo pacTeT. 6hma caenaHa nonhiTKa oTaenHTb Fm OT Ac 1 

Hcnonb3yH pa3J1H'IHe s npo6erax saep. OaHaKo, oKa3anocb, 'ITO ans saep aKTHHHH 

COCT8BJ1HIOW8H HMllYJ1bC8 B H8npasneHHH ny'IK8 He CHJlbHO OTJ1H'I8eTCH OT HMllYJ1bC8 

. x) 
COCT8BHOrO Hapa • 3TO 38CT8BHJ10 H8C HCllOJ1b30B8Tb XHMH'IeCKI!e MeTOUbl Bbiaene-

HHH ¢epM!!H B CO~eTBHHII C npHMeHeHHeM a :-cneKTpOMeTp8 C Bb!COKHM aHepreTH-

qecKHM pa3peweHHeM, 

06ny'leHHe npOH3BOUHJ10Cb H8 BHyTpeHHeM ny'IK9 300 CM UHKJ10TpOH8o 8 OCHOB-

2 
HOM HCllOJ1b30B8J1HCb MHWeHH 113 MeTannH'IeCKOrO TOpliS! TOJlWHHOll: 2-2,6 Mr/CM • 

AnH oTaeneHHH npoayKTOB peaKuHll: oT sewecTsa MHWeHH npHMeHHncH MeToa co6H

paHHH Haep OTU8'1H, B K8'19CTBe C60pHHK8 HCll0Jlb30B8J18Cb cepe6pHH8H ¢onbr8 (3 p. ). 
22 

ToK HOHOB Ne 6hm - 1- 1,5 p.A; speMH o6ny'leHHH - OKono 1 qaca • .[lnH H3MeHe-

HHH aHeprHH ny'IK8 nepea MHWeHb!O llOM9W8J1HCb 8Jl!OMHHHCBbl9 nornOTHTeJlH COOTBeT

• /4/ 
CTBYIOWell: TOJlWHHbl o 

8KcnpeCCH8H XHMH'IeCK8H nepepa60TK8 C60pHHKOB Haep OTU8'1H C M8KCHM8JlbHO 

B03MO}t(Hb!M OTUeJleHHeM OT ¢oHOBblX 8KTHBHOCTell: 6b!J18 OCHOB8H8 Ha 3KCTp8KUHH 

¢epMHH TeHOHl1TpH¢TopaueTOHOM (TTA), npoBOUHJlOCb ase 3KCTp8KUHH: npH pH- 2,5 

H pH- 3
0
5. nocne STOrO 8TOMbl ¢epMHH BbiUeJlHJlHCb 113 opraHH'IeCKOll: <}:!83bl nyTeM 

aneKTpooca}KaeHHH Ha aHoa (3onoTo). OTaeneHHe oT sewecTsa c6opHHKa ( Ag) npo

HcxoaHno BO speMH 3KCTp8KUHH (ao ypOBHH 1%) H npH aneKTpOOC8JoKUeHHH 0 T8K K8K 

cepe6po BhiaenHnocb Ha. KBToae. B pe3ynbTBTe nonyqancs '1pe3Bhi'Iall:Ho TOHKHll: cnolt 

C ¢epMHeM • .[lnH onpeaeneHHH XHMH'IeCKOrO Bb!XOU8 Fm HCfiOJ1b30B8J18Cb ao6aBK8 

242 Cm K HcxoaHoMy pacTsopy. B pa3nH'IHhiX onhiTax Bhixoa cocTasnHn - 50%, Bee 

onepaUHH XHMH'IeCKOll: o6pa60TKH 38HHM8J1H 12-15 MHH. 

VI3MepeHHe a -cneKTpOB npoayKTOB peaKUHll npOH3BOUHJ10Cb H8 HOHH38UHOHHOl! 

K8Mepe C UBYMH ceTK8MI!
0 

KOT0p8H H8llOJ1HHJ18Cb aprOHOM C He60J1bWOH ao6aBKOH 

aueTHJ1eH8
0 

J..1cnOJ1b30B8HHe Bb!COKOCT86HJ1bHOJI: aneKTpOHHOll: annapaTypb! ll03BOJ1HJ10 

nposoaHTb anHTenbHbie onhiThi c aHepreTH'IeCKHM paapeweHHeM 25-30 Kas. KaMepa 

CH86JoKeHa cneU1!8JlbHbiM WJ11030M UJlH 6b!CTpOit Tp8HCllOpTHpOBKH 06j;@3U8 6e3 CMeHbl 

raaa s pa6o'leM o6'beMe. 

x) 
PeaynbTBThi aeTanbHoro H3y'leHHH peaKuHll:, npasoaHWHX K o6paaosaHHIO 

H30TOfiOB 8KTI!HHH, 6yayT ony6nHKOB8Hbl OTUellbHO. 

Bee 

38HHM8J1H 

.[lnH 
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8 Ce no.D.rOTOBHTeiibHbJe npoue.D.ypbl OT KOHUa o6ny'!eHHII D.O H8'18II8 H3MepeHHii 

38HHM8IIH 06bl'IHO 30-35 MHH 0 T.e. OD.HH nepHOD. nonypacna.D.a Frr> 
250 

3. Pe3yiibT8Tbi onhiTOB 

nn11 nposepKH BCeii MeTOD.HKH 6binH npe.D.UpHHIITbl 3KCnepHMeHTbl nO H3MepeHH!O 

238 16 250 
cPYHKUHH B036pKD.eHHII D.nll peaKUHH U 

92 
(O 

8
, 4n ) Fm 

100 
• DhinH nonyqeHbi 

D.8HHbie, KOTOpble He npOTHBOpe'!aT 3H8'!eHH!O Ce'le-HHII .3TOli peaKUHH B M8KCHMyMe 

-30 2 /1/, /3/ 
- 10 CM , 'ITO cornacyeTCII C D.8HHb!MH pa60T 

B xo.::te OCHOBHhiX 3KCnepnMeHTOB no H3y'!eHH!O peaKUHH Th 232 (Ne 22 4n) Fm 250 
90 10 • 100 

6bm nonyqeH H HD.eHTHcPHUHposaH no 3Heprnn a -qacTHU a nepno.D.y nonypacna.D.a 

250 
H3oTon Fm • 

250 
Pnc. 1 D.eMoHCTpapyeT yqacToK a -cneKTpa s6nn3n IIHHHH Fm • Cnesa a 

218 214 
cnpasa OT OCHOBHOH IIHHHH HMe!OTCI! nHHHH, CBII38HHbie C paCII8!J.OM Rn H Po 1 

HHTeHCHBHOCTb KOTOpblX OD.H8KO T8KOB8, 'ITO He MewaeT perHCTp8UUH a -pacrra.D.a 

Fm250 

0TKpb!TbiMH KPY*K8MH H WTpHX8MH D.8H cneKTp, CHI!Tb!H 38 rrepBbie 15 MHHyT 

H3MepeHHH nocne KOHU8 o6nyqeHHIIi TpeyronbHHK8MH H CUIIOWHblMH nHHHSIMH .ASH CyM

M8pHbiH a -cneKTp1 H3MepeHHbiH 38 70 MHHyT. 

¢OHOBbie pHHHH, He Mewal! perHCTp8UHH OCHOBHOil:, D.8!0T B TO )Ke speMSI xopo

ll!He K8IIH6p080'1Hbie TO'IKH D.nll onpe.D.eneHHSI 3HeprHH a -qaCTHU OCHOSHOii nHHHH; 

Ea "' ( 7,440 !_0,020) M3a. 3To xopowo cornacyeTcSI c Ta6nH'IHbiM 3HB'IeHHeM .AnSI 

250 
Fm { Ea ;=7,43 M3s). 

Pac. 2 D.eMoHcTpnpyeT pacna.D. a - aKTHBHOCTH c 3Hepraeii 7,44 M3a. 3Kcne-

pHMeHTanbHoe 3Ha'!eHHe nepHo.D.a nonypacna.D.a - 33 M·nH, 'ITO T8K)Ke xopowo cornacy-

250 
eTCH c Ta6nH'IHbiM 3H8'!eHHeM nepHOD.a nonypacrra.D.a Fm (T 

112 
"'30 MHH). 

250 
3HeprHH Ha pac. 3 H3o6pa)KeHa 38SHCHMOCTb ce'leHHII o6pa3oBaHHII Fm 

100 
oT 

HaneT8!0WHX HOHOB Ne ~~ (s Jla6opaTOpHOii CHCTeMe ). YK838HHble H8 pHCyHKe OWHfiKH 

HsnH!OTCII cTaTHCTH'!eCKHMH. H3-38 3H8'1HTenbHOro pocTa ce'!eHHII o6pa3osaHHSI Ac
226 

npa 3HeprnHx BhiWe 120 M3s oKa3anocb B03MO)KHbiM nony'IHTb nnm b sepXH!OlO rpaHa-

250 
uy D.nll ceqeHHII o6pa3osaHHII Fm • • 
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To'IHOCTb onpeAeneHHB sHeprHH ROHOB Ne 22 
10 

He xy)Ke 5 Msa. 3xcnepHMeH-

T8nbH8B nonytuHpHH8 KpHBOI - 11 Msa. MaKCHMYM ce'leHHB peaxuHH 

Th 232 ( N 22 ) F 250 
90 

e 10• 4n m 100 , paasbiA -
-31 2 

2,5 ° 10 CM t AOCTHraeTCSl npH 9HeprHH HOHOB 

22 
Ne ~t07 Msa. 

npH pac'leTe aenH'IIHbl nonepeqsoro ce'leHHSl peaKUHH npHHHManoc&, 'ITO s¢¢eK-

Th232 250 2 
H3 KOTOpol BbineTalOT SlAPS Fm 1 paBH8 1 Mr/CM • THBH8Sl T•ntuHHll • 

/5/ 
3TO 3H8'1QHHe nonyqeHO C HCnOnb30B8HHQM A8HHblX p800Tbl • 

npa npoaeAeHHH noaTopHblX onblTOB no H3MepeHHIO tPYHKURH aoa6y)KAeHHH 6binH 

nony'leHbl peaynbT8Tbl 0 KOTOpble B npeAenax OLUROOK COBU8AlllOT C npHBeAeHHblMH0 

3. 06cy)KAeHHe 

Ha cpaaHeHHB 9KcnepRMeHTan&HblX A8HHblX no ce'leHHHM o6paaoaaHHH Fm 250 

241 13 238 . 16 I 1-3/ 232 22 
B peaKUHSIX Pfl "! C t U + 0 j H Th +Ne MO)KHO CAena1·b BblBOA 

0 38M9THOM naAeHHH aenH'IHHbl CQ'IQHHB C yaenH'IeHHQM MllCCbl OOM08pAHpyiOLUel 

'18CTHUbl (CMo TllOnHuy ). t{eM MO)KeT 6blTb Bbl3B8HO 9TO OOCTOSITenbCTBO? 

J<aK H3BQCTH00 Ce'IQHRQ pe8KUHH C HCnapeHkeM 4-x HeiTpOHOB 

6blTb npeACTaaneHo a BHAe: 

u4n "'Uc (E) ( I"; )
4 

P4n (E*), 

(u4n ) MO)KQT 

tn +T'f -r.-
rAe UC (E) - Ce'leHHe o6pA30B8HHR COCT8BHoro BApa, ~ - cpeAHee 3HA'IQHHe 

•n + 1f 
OTHOLUeHHR HeiTpOHHOI LURpHHbl K CyMMe HeiTpOHHOI H AenHTenbHOI tuHpHH 0 ~(E*)-

aepOBTHOCTb HCnapeHHR 'IQTblpeX H81TpOHOB H3 BAp8 npH 9HeprHH B030Y)KAQHHR 0 COOT

BQTt;:TBYIOtuel sHeprHH HOHa paaHol E. 

O'leBHAHo, '11'0 npo&aaeAeHHe Uc (E) p4n (E*) MO)KeT H3M8HSITbC51 npH nepe-

XOAe OT OAHOI napbl '18CTHUA-MHLU8Hb It Apyrolo 3TO o6ycnoaneHo TQM 0 'ITO OA-
j 

HOMy H TOMY )1{8 3H8'18HHIO Ce'IQHHSI o6p8308AHH51 COCT8BHoro SlApS OYAYT COOTBQTCTBo-

B8Tb paanH'IHble 9HeprHH B036Y)KA8HHS1 0 T.e. p83Hble aenH'IHHbl ~ (E*) • Y'leT 9To-

ro tP8KTOp8 He HC'lepnblB8eT0 OAH8K00 acel pa3HHUbl 9KCnepHMQHT8nbHblX ce'leHHI 

paccMaTp&aaeMblX pealtuHA. B Ta6nHue npHBeAeHbl pac'leTHble aHa'leHHH, KOTOpbie 

nony'leHbl c y'leTOM H3MeHeHH51 aenH'IHHbl u (E) P (E*) • Heo6xOAHMble aHa'leHHB 

161 c 4n 
UC(E) B351Tbl H3 p800Tbl • ~ /rf B3SITO UOCTOSIHHblM H paBHbll.t 0,12. 3Ta aenH'IHH8 

p e 

Pu 241 ( 
94 

u 238 ( 
92 

Th 232 
90 

B 



HOHOB 

'ITO SQJQleK-

2 
MrlcM • 

Fm250 

) MO>K9T 

~(E*r 

COOT-

7 

pJ41 ( C 13, 4 n)Fn'f50 

no npaseLieHHOii Bhi!lle cpopMyne. Paaaaua Me)KLIY pacqeTHhiMH a aKcnepnMeHTanbHhiMH 

LiaHHbiMH yKa3biBaeT H8 cyrueCTBOBaHHe K8KHX-TO HHbiX npH'IHH 0 npHBOLlS!lUHX K YM9Hb

ll19HHIO Ce'leHHSI B cny'lae 6onee TSI)K9nbiX 6oM6apLIHpyiOlUHX 'laCTHUo 

Ta6nnua· 

p e a K U H II u4, max u4n max pac'l. 
r ;r 

SKCTI. n 1 aKcn. 

~ II/=0,12 

Pu 241 (Cl3 4n) 
94 6 • 

Fm250 
100 

6ol0-aGcM2 
6•l0-

30
cM

2 
0,12 

u 238 (o 1 ~,4n) 
92 

F 250 
miOO 

l•l0-
30

cM
2 

3•l0-
30

cM
2 

0,09 

Th 232 (f:' 22 4 ) 
90 .elO' n 

250 
FmlOO 

0,25•10-
30

cM
2 2• I0-

30
cM

2 
0,07 

171 
B pa6oTe naK-nH'IaKa I.A. TIOKa3aHo, 'ITO LienHTenbHaSI ll111pHH8 rf 3asii-

CIIT OT yrnosoro MOMeHTa S!Llpa. He IICKni0'19H01 'ITO OTMe'leHH09 BbiWe yMeHb!lleHHe 

C9'19HIISI B KaKoii-TO Mepe CBSI3aHo C pOCTOM sepOSITHOCTII LieneHHSI COCTaBHOrO Sl.llpa, 

TaK K8K np11 nepeXO.lle K 6onee TSI)KenbiM HOHaM ysenH'IIIBaeTCSI yrnOBOii MOMeHT CHCTe

Mh10 Ecn11 BCTaTb Ha TaKyiO TO'IKY 3p9HIIS11 TO LlOCTaTO'IHO B 06ll!9M H93H8'1HT9nbHOrO 

H3M9H9HHSI ~ I r f • 'IT06bi 06bSICHHTb aKcnepiiMeHTanbHbie LiaHHbie. B nocneLIHeM CTon• 

6ue Ta6nHUbl TIOKa3aHbl 3Ha'I9HIISI ln /f' f 1 KOTOpbl9 nony'laiOTCSI TIO cpopMyne LinSI U 4n 

H3 SKCTI9pHM9HTanbHbiX 3Ha'I9HIIH Ce'leHII.l!:. 

npOB9.ll9HHbi9 HaMil Ka'leCTBeHHbl9 OUeHKH BniiHHIISI ysenH'I9HIISI yrnOBOrO MOMeH

Ta TIOKa3biBaiOT0 OLIHaK0 1 'ITO STOT cpaKTOp M0)K9T 06bSICHI!Tb mllllb He6onbWYIO 

13 22 (- 2 pa3a) 'laCTb acpcpeKTa naLieHHH u 
4

n np11 nepexoLie oT C K Ne • EcTb ewe 

LIBa 06CTOSITenbCTBa1 KOTOpbie MOryT Bhi3BaTb OTM9'19HHhiH XO.ll C9'19HIISI peaKUHli: 

a) B03MO)KH0r 'ITO B npouecce COy.llapeHIISI S!LlpB LiecpopMHpyiOTCSI B KynOHOBCKIIX TIOnSIX• 

3TO npHBeLieT K ysenH'IeHHIO KynoHOBCKOrO 6apbepa 11 1 cneLIOB8TenbH0 1 K CHH)KeHIIIO 

uc (E) P (E*) • 
4n 
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6) B03MO>KH0
1 

'ITO B MOMeHT coy .aapeHHH .llBYX H.aep B036y>K.ll8101'CH KOne6aHHH 

CHCTeMbl
0 

KOTOpbie ysenH'IHB810T sepOHTHOCTb .aeneHHH .QO HCnyCK8HHH nepsoro Heil

TpOH8o Mo>KHO O>KH.ll8Tb
1 

'ITO npn ncnonb30B8HHH 6onee TSI>Kenoil 6oM6ap.anpyiOweA 

'18CTHUbi 9TH Kone6aHH51 6y.ayT CHnbHee. noit8 'ITO HeT OCHOB8HHil npe.ano'leCTb n106y10 

H3 9THX B03MO>KHOCTeil
1 

T8K K8K .QeTanbHble p8C'l9Tbl OTCYTCTBYIOTo 

AsTOpbi 6naro.aapHbl npo4l. r .H. <l>neposy 38 nOCTOSIHHbiil HHTepec K pa6oTe 

H none3Hbie o6cy>K.aeHH51 H rpynne aitcnnyaTaUHH 38 o6ecne'leHHe 6ecnepe6oAHoA pa6o-

Tbl UHKnOTpOH8. 

ABTOpbi TaK>Ke C'IHT8IOT csoHM .aonroM Bblpa3HTb 6naro.aapHOCTb A.A. Bopo6beBy1 

B.H. BenSieBy H r .E. Ko'laposy 38 o6cy>K.aeHHH B nepno.a pa3pa60TKH HOHH38UHOHHOrO 

a -cneKTpoMeTpa. 
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Honep liOHOIIO 

P11c, 1. Y'IBCTOK a cneKTpa nponyKTOB pe8KUHH 

.t 

232 22 
Th 90 +Ne 

10 
• 0TKpbiTbiMH Kpy)!(K8MH 

H WTpHX8Mif Ll8H cneKTp, nony'leHHbiJl 38 

nepBbie 15 MHH H3MepeHRil nocne o6ny'leHHH; 

TpeyrOnbHHK8Mif If CnnOWHb!MH nHHHHMH - 38 

70 MHHYT lf3MepeHHil, 

JlaHa npHMSH K8nH6poBKH 9HeprHH a -'ISCTHU, 

·-! ___;_ - --r 
i 

I 

t 
i t t· 

- i - -------· -i -~ -==l 
·--~--~-" .. 11 

·--~-- ---- -------l---+-- t ··!' 
I 

P11c. 2. Pacnan Hany'laTensr a -~~acTHU c aHepi'Heif 7,44 Mss. 

. . 
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3aBHCHMOCTb ce~eHHQ peaKUHH 

232 22 250 
Til 90 ( Ne tO , 4n ) Fm IOO 

OT 9HeprHH HOHOB HeOHa, 
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