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B pa6oTe onpc .ueneH Bhtxo.u H30Tonos Cf , Fm 

238 232 16 18 22 
ll li!X npf! o6n.Y C!~HHH V H Th uoHaMH 0 , 0 , Ne 

2$2 
H Fm , B03HHK810-

3a C'leT peaKul1l! ( 4n) 11 

( a dn ) . Da uo no.upoG Hoe onucaHHe pa.u uoxHM!.PiecKol! MeTO.UiiKH Obi.UeneHHH cj:JepM11H 11 KanH-

t!JO piiHH B YCJIOBHHX o6 pa30B8HHH 60llbWOro 'lHCll8 MeW810ll.{HX a -aKTHBHbiX npo.U yKTOB. 

Ha OCHOBaHHH nony'leHHbiX 11 o ny6m!KOB8HHbiX .uaHHbiX npose.ue Ho c pasne tme ce'!eHHH o6 pa3o-
2SO 246 

naHH51 Fm u Cf .o.nH pa3JIH'lHbiX KOM6HH8UHil MHWeHH u 6oM6ap.o.HpyiOllle i1 qacTiil!bi. 

I. Brandstetr, V.V. Volkov. V..A. Yermakov, T .S. Zvarova, M. Krivanek, J. Moly, Shu Hung-guei 

A STUDY OF ~!::ACTION PRODUCTS OF HEAVY ELEMENT S 

WITH MULTI-CHARGED IONS II 

Yield of Some Cf and Tm Isotopes from Bombardment of Thorium 

and Uranium with 0 1 6
, 0
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• and N e 
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I ons 

Abstract 

2 4~ 250 25 2 

The yields of Cf , Fm , and Fm isotopes arising in the bom bardment of 
• ~ ~· d 1 2:15 h 0 16 0 !R N 22 • d h . ( ) d ( ) d an T 1 wit , , e 1ons ue to t e reaction s 4n an o 4n 

r o\Oe hP.en cleter!l" ined. 

A detailed description is given of the radiochemical separation of fermium and califor

nium frorr a great number of a -active by_- products. On the basis of our and published 
0 50 • 2 46 

data , the cross sections for fm - and C f production have been compared for dif-

ferent co mbinations of a targ~t and a bombarding particle. 



B nene HH e 

B p a60 T EIX IIO C I!HT03y H OI3biX Tp8HCyp8 11 0BbiX 9J1C M e HTOB C IIOMO lllbiO TSI ) K e JJ b iX H O HOB 9 K c 

IIC p11 Me HT8 TOpy npH X OLlH T C SI c Tanio i B8 T bC SI c 6onblll HMH TPYLl H OCTSI M I!, o6ycn o ane HH biMH M8JJ biM 

Ce 'ICllil!e M p eaKUUI!, J-1 3 - 38 H113KOI'O nopOI'8 LlGJJeHH SI II OLl 8BJJSI IOLLlee 60JJ b WIIHCTBO B036y)I(Lte W 

II !JI X KOM r1 8 Y HLl - 511le p, OO p 83YIOllli!XC SI IIpH C JJH SI HI! H 11 8J1e T 8 10lllei'O 110118 I! Slllp<.,-MifW e HH, IICII b!Tbl-

131JeT nen e H He II Jli1 W b B HII'ITO)i( H O H 1.f8C TI1 CJJY1.f80B OC T80 T C S1 B Bl!llC 1111 0 p H OBOI'O 9 JJe M e HT8, 

rl OC I<OJ! b K Y HOB !JIH 9 JJ e M e HT MO)KeT 6LITb IIOJJy 'le H K O M 6 11H8UU 0 H p83 lii1'1H b!X MI!WeHe l! 11 60M6ap-

1l11PYIOlllllX 1.f8C THU, 6onblll 0 H H HTe p ec npe n C T 8 BJ151 e T 11 3 Y'Ie HI! e 3 8BI1 C IIMOC TI! B bi X01l8 O T xapaKTe 

p HC TiiK 6oM68p 1l!fpyiOllle l! 1.f 8C THU b i, 511l p 8 -MHUJ e HU 11 TUI18 Sl llCpH O H p e 8KUIII!, 

B u ac T o ·mueil pa6o T e 
246 240 Fm 241 

u 3y 1.f aJ1CSl BbiX OLl Cf Fm 11 np11 o6ny'l e Hul! Mw we-

ue ll 11 3 U 
238 

u Th 
232 

110H8M H o 1 6
, o 1 8 

11 Ne 
2 2 

~;;; c n e nyiOlllHX p e aKUHSlx: 

Th 23 2 + 0 u 246 -- Cf + 4n 

u 238 + () 16 240 
-----:10 Fm + 4n II 

Th 232+ Ne 
22 Fm 240+ III - 4n 

u 238 + 16 
Cf 

246 + a 4n IY 0 -
u 238 Ne2 2 Fm 

2$2 y + + a4n 

/1-5/ 
ll o n y 'le li Hb!e p e3yJJ b T 8 T bl CO i1 0C T 8 B J1 Sl!OT C Sl C 1l8 HH biMl1 p a He e o ny6JJI!KOB 8 HHblX pa60T 1 

D KO T O p b ! X 9 T H )l<e H30T O II bl 6biJ! H C IIHTe3UpOB8 H b l npH npyi'HX K OM6HH8UUSIX MI!WeHelt 11 '18CT11U, 

TaK OC COIIOCT8DJ1CHHe Il03DOJJS18 T cnenaTb He K O T Opw e B hlBOll hl OTHOCH TCJ!bHO 38KOHOMepHo

C T e l! 06 p 830 13 8 HI111 1l8J1 eKIIX Tp8 HCy p 8 IIO BbiX 9 JJ eMeHTO B IIpH o6ny1.fe H I1 11 TSl )KeJJ b!MI1 II OH8MI!, 

B p a6o T e n cnon b3osanucb T o n c T b i e MH WeHI1, B b i llen c HH e 11 une i·ITI1CP HK8UHSI nponyKTOB stnep

Hwx p e 8K UI1A OC ylll eC TBJJSIJJH Cb p81lH OXHMI1'1e CKHM C II OC 0 6 0 M. 

N1 e T 01lHK8 9Kc n e pwM e HT8 

MeT 8J1J! H1.feC KI! e cpOJJbi' H H 3 T O p H H IWI! yp8H8 T OJ! lllHH O lt 15-20 M HKpOH, 3 8Kpe nJJe HH b le H8 

C IIeUH8J!bHO M npo6 HHKe , 06ny'I8 JJH C b OT 1-ro Ll O 6 -TH '18C OB H8 BHyTpe HH8M ny'IK0 UHKJ10TpOH8 

1 6 1 8 2:l 
T!ll )l(eJ1 blX 11 0 H OB ·OVJHVJ H O H8M I! 0 , 0 I! Ne VlHTe HCI1BH OCT b ny'IK8, npowen w e ro 'le p e3 

MI! We H b , l1 3Me p 5Jn8C b HHTe rp8TOpO M T O K8 II COC T8BJJHJ18 B c p e nHe M 0,4 JLA (s c ny'lae o6ny'le-

Hl151 T O pHSI HeO HOM T O K 6 b Jn pase H - 1, 5 JL A )J 1l8J1 b H e .Aw ee IIO B b!We HI! e HHTC HC11BHOC TH B b l3biB8JJO 

l-, Fm uo 
06!JI'IHO p 83pyw e HH e M HW C HI1. 1p11 C I1HTe3e o 6ny'IC Hii e np0 1lO J1 )K8JJOCb O K O JJ O '18C8, npH 

::> T OM I< 8 )K1l~>I e IISlTb MHHyT 38IIHC b iBa nac b s e nw<mHa 3 8pHn a , n o nasw e ro Ha MHW e H b , 3To n oaa o 

nSJno y'leC T b K OJJ C68 HHSl 11HTe HCH B H OC TH ny1.fK8 8 0 BpC MSl o6ny'IC HHH. 3H e prHSl HOH O B B W 6Hp8JJ8C b 

C T8KHM p 8C 'I0 T O M, 1.fT0 6 bi c y t.U0C T Be HHO n e p e Kpb!Tb o 6JJ8C T b 3 He prHlt, C O OTBe TCTBYIOW iiX B b iJJ e Ty 

4 -x H e .I!Tpo Ho s. fl ocn e o 6ny1.fe HHSl cponbrH n ocTynanH Ha panH ox HMH'Ie CKyiO o6pa6oTKY c u e nbiO 

B b i lleJJ e HHH HHTe p ecyiOWHX H 8 C IIpOllyKTOB , 

3 



0cHOBH8SI T P YLlHOCTb 1 C KOTOpolt npHWIIOCb CT01IKHYTbCSI npH paLlH OX H M f!'t eC K OM Bbi Llen e HHH 

K81IH¢opHJISI H OC06 e HHO ¢epMHSI 1 3aKn!O'I8118Cb B TOM, 'ITO KpOMe HHX npH o6ny Li e HH II 38 CL! e T 

peaKuHA nepenaLIH H B pe3y1lbT8Te pacna.aa B03HHK810T H 3 oTon hi Ac 1 Th 1 Pa 1 U 1 1'/p 1 .Pu 
171 

H ·Ra • HeKOTOpbie H3 STHX pa.nHoaKTHBHhiX H30To n o s I!nH HX .a o qepHHX npo.ayKTOB .ll810T a 

H31Iy~eHH9 0 KOTOpoe no CBOHM CBOltCTB8M (sHeprHSI a -qaCTHU H nepHOLl nonypacna.aa) a e cbMa 

611H3KO K H31Iy'I9HHIO HCC119.llyeMbiX H30TOUOB ¢epMHSI H K81IH ¢0pHHSI, 3TO o6CTOSITe1IbCTBO H111110-

CTpHpyeTCSI Ta6nuuelt 1. 

KaK noKaaanH nepBbie sKcnepnMeHTbi 1 ce'leHHSI o6paaosaHHSI "MewaiOWHX" H30Tonos OKa

aam!Cb BO MHOrO p83 601IbWe Ce'leHHI\ o6p830B8HHSI TpBHCypaHOBhiX aneMeHTOB, (TaK 1 H8UpHMep 1 

, 226 3 HO 
npr1 o6nyLieHIHI T O pHSI HeoHollil Ac nony'lancSI B 10 paa 6onbweM K01IliLieCTBe 1 '19M Fm H 

F 
:J$2 / 7 / 

m ). 

B CBS1.3H C STHM .ll1ISI HX H8.ll9 <KHoro OT.aeneHHSI UOTpe60B8110Cb paapa60T8Tb CU9 UH81IbHYIO 

XHMH'IeCKYIO M9TO.llHKy, 06hi'IHO Tp8HCyp8HOBhi9 sneMeHTbl Bbl.ll91ISIIOTCSI nyTeM OC8»<.ll9HHSI <i:>To-

3+ 
pH.aoa H3 a30THOKHcnoro pacTsopa o6ny'leHHOA MHWeHH a npHcyTCTBHH I.a a KaqecTse Ho-

CHTellSI • .[lanbHeltwee pa3.ll9119HHe TpaHCypaHOBhiX 3119M9HTOB npOBO.llHTCSI XpOM8TOrpa¢H'I9CKH 

H8 K8THOHHT9 118KT8TOM H1IH a -oKCHH306yTHp8TOM aMMOHHSI, O.aHaKo a STOM cnyqae oca-

.aoK <PTopH.llOB 6y .neT co.aep»<aTb sec b Ac 1 Th Pu .J 6onbWYIO LiaCTb Pa 1 '18CTb Ra 

BMaCTe C COOTBaTCTBYIOIUHMH a -aKTHBHhlMH .llO'IepHHMH npo.ayKT8MH, npH .ll81IbHeltweM pa3-

.aeneHHH STOlt CMeCH H8 K8THOHHTe 118KT8TOM HIIH a - OKCHH306yTHp8TOM 8MMOHHSI H3 K01IOHKH 

HenpepbiBHO BhlMblB89TCSI 

17 8/ 
saeMoro KonoHKoA 

1 
• 

Th 
226 226 

1 KOTOphiA o6paayeTcSI 38 c11eT pacna.aa Ac nonro y .aep»<H-

nocne pSI.ll8 3KCnepHM9HTOB 6binO H8A.ll9H0 1 'ITO .aeli:CTBeHHbiM Cnoco60M 04HCTKH 

¢epMHSI OT "MeW810IUHX' 3JI9M9HTOB SIBIISieTCSI npe.llB8pHTe1IbHOe XpOM8TorpacPH'I9CK09 paa.aene

HHe H8 K8THOHHTe C01ISIHOA KHC1IOTOlt, npH TBKOM p83.ll9119HliH y .ll89TCSI H368BHTbCSI OT p b R lJj 

( BbiTeKaiOT a nepBbiX KannHx), Ac ( BbiTeKaeT nocne acex naHTBHH.llOB H aKTHHH.llOB) 1 Th ( ocTa

/7/ 
eTCSI Ha KonoHKe) • Ra oT.aengeTCSI TaKHM cnoco6oM He nonHOCTbiO ( BbrTeKaeT nocne naHTa-

HH.llOB, nepe.a 8KTHHH9M), npR STOlt onep8UHH H9T He06XOLlHMOCTH TIU8T91IbHO p83.ll91ISITb 8KTH-

HHLlbl H 118HT8HR.llhl 1 T8K K8K {3 -nRK H30TOnOB HTTpRSI npu nocneLlyiOIU9M XpOM8Torp8cPH'IeCKOM 

paa.aeneHHH 118KT8TOM HIIH a -oKCHH3o6yTHp8TOM aMMOHHSI SIB11SieTCSI y .O:o6HhiM yKaaaTeneM .anSI 

onpe.aeneHHSI nono»<eHHSI UHKOB p83.ll9119HHblX Tp8HCypaHOBblX 3119MCHTOB, 0nH8KO npH CH1IbHOM 

o6nyqeHHH MHWeHH OT.ll9119HH9 6onbwelt '18CTH 118HT8HHLlOB Heo6XO.llHM0 1 T8K K8K C03Ll8B89Mbllt 

HMH HHT9HCHBHblA {3 -¢oH YXYLlW8eT pa3p9W9HH9 HOHH38UHOHHOlt K8M9pbl, 

OcHOBHaSI '18CTb npoTaKTHHHSI ynanSieTCSI nepen oca»<.aeHHeM <PTopH.llOB .ao6aaneHHeM UHp

KOHHSI B K8'1 e CTB 9 8HTHHOCHTe1ISI. npH paa.neneHHH H8 K8THOHHT9 6 H,C01ISIHOA KHC1IOTOlt Pa BbiXO

.llHT B 06118CTH 8KTHHH.ll0B 1 npH UOC1Ie.lly10IU9M p83Ll9119HHH cPp8KUHH 8KTHHR.llOB 1IBKT8TOM H1IH 

a -oKCHH3o6yTHpaToM aMMOHHSI Ha CMone Pa sniOHpyeTCSI cpaay aa cso6o.aHbiM o6'beMoM KonoH

KH .llOB01IbHO WHpOKHM UHK OM C paCTSIHYThlM XBOCTOM 1 TSIHYIUHMCSI LlO 06118CTH Fm H Cf 

Bcne,llCTBHe STOrO B O cPp8KUHSIX TSI»<ellb!X 8KTHHH.ll0B BCerna co.aep»<HTCSI He601IbWOe KOliH'Ie-

227 219 
CTBO H30Tonoa npoTaKTHHHSI. 38-MHHYTHhiA Pa .aaeT Fr 1 KOTOphrA HcnycKaeT a 

210 
'18CTHUbi c SHeprHelt 1 6nH3KOA K Fm ( 1 I = 30 MHH, Ea = 7,43 Mss). 

I ~ 
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a 6,46 M3B, Ac223 a 6,64 M3B•Fr219 a 7,30 Mss. At 2H a 
38,3 MHH 2,2 MHH 0,02 C e K 

8 ,0 M 3B., Bi 211 a, 6,62 M3B- Tt20) 

- 4 2 MHH 

10 ceK t 13 -0, 3 % 

P 
211 a, 7,4 M3B p 201 

0 • b 
0,52 ceK 

nocKOIIbKY o6e rpyiiiibl 
2$0 

a -qaCTHU p83Jle11HTb 6bi110 TpyJlHO, RpH oue ... e Bb!X0Jl8 fm BHOCH-

118Cb IIOIIp8BK8 H8 BK118Jl OT F 219 
r • norrpasKa paCC'IHThlBA1laCb IIO BWXOJly 

21S 
At H Ke rrpe-

BbiW81I8 30% o6wero "'HCIIa HMIIYIIbCOB. PaJJ.Hil:, K OTO J!lblil '18CTH'IHO COOC8)K)l8eTCH C cpTOpHJlOM 

naHTaHa, B OCHOBHOM OTJle11SJeTC51 Jl068B1leHHeM 

JlOB H 1laHT8HHJlOB IIOC1le paCTBOpeHHSI Bbi)le1leHHb!X cpTopHJJ.OB, Ero oTaeneHHe Ha KaTHOHHTe 

6 H,COIISIHOH KHC1IOTOJ1 IIpOHCXOJlHT T01lbKO '18CTH"'HO, TaK KBK OH B b! MbiB8e TC51 H3 K0110HKH Cpa-

3Y 3a cpp8KUHell peJJ.KHX 3eMe1lb, npH Jl81lbHeJ1WeM Bb!MbJBaHHH naKTaTOM HIIH a - OKCHH306y-

THpaTOM 8MM OHH51 MOI'yT BbiMbJB8TbC51 npoJJ.yKTbl pacrra)la Ra 
211 

( HanpHMep, Pb , KOTOpbrll Bbi-

181 
T eKae T s o6nacTH Ce ) , TaK KBK caM Ra 3THM emoe HTOM BbiMbiBaeTCSI O'leHb II03JlHO, 

Ha OCHOB8HHH sce x 3 THX JJ.aHHbiX Mbl !IpHMeHHliH C1l eJJ. yiOWHll IIOp51JlOK XHMH'IeCKOll o6pa6oT-

Kll o6ny q e HH b iX MHWeHe ii: ypaH OB851 cpOIIbi'8 TOII WH HOJl - 17/1- p8CTBO p51118Cb npH HarpeB8HHH B 

1 Mn KOHUeHTpwposaHHoll HN0 3 
+3 

s rrpHCYTCTBHH 400 MKr La , orrpeaeneHHoro K011H'IeCTBa 

241 
Am Jl1151 onpeaeneHHSI XHMH"'eCKOrO Bb!X0Jl8 H _; 5 MI' 

4+ 
Zr B Ka"'eCTBe aHTHHOCHTenSJ Jl1151 

rrpoTaKTHHrHI. flocne ao6asneHHSJ HF BbrJJ.e115111HCb cpTopHJlbi naHTBHHJlOB H aKTHHHJlOB, KOTOpbre 

+2 
IIOTOM p8CTBOp5111HCb B CMeCH TI 3 1J0

3
+ 1lN0

3 
• 3aTeM Jl068B11SIIIOCb- 5 Mr 8a H OC8)KJl8118Cb 

2-
I'HJlpOOKHCb 118HT8H8 He601lblllHM H36bJTKOM 8MMH8Ka, He COJJ.ep)K8We i'O HOHOB CQ 

3
, nocne IIpo-

MbJB8HH51 rHJJ.pOOKHCH pacTsopH11HCb s 2 H. TIC! • .llanee nposoJJ.H1IOCb JJ.ByKpaTHoe pa3aeneHHe 

H8 K8THOHHTe • .lJ.nSJ n e pBOI'O pa3Jle1leHH51 HCII01lb30B81laCb K01IOHK8 C KaTHOHHTOM Jl8Y3KC-50x12 

p83MepOM 2 X 30 MM. 3n10HpOB8HHeM 2 H, llC/ BbiMbiB81lC51 CH8"18118 CBHHeU H BHCMyT, IIpH IIOC1le-

JlYJOWeM 3 1IIOHpOB8 HHH 6 H, llC/ BbiMb!B811HCb 8KTiiHHJlbi, 3.8TeM 1I8HT8HHJlb l BMeCTe C OCT8TKOM 

181 
npoTaKTHHHSJ, aanee p a JJ.Mll H, HaKoHeu, aKTHHMii • TopHll ocTasancH Ha CMone . TaKHM o6pa30M 

oTaenHliHCb see Mewarou.me sneMeHTbi, npwseaeHHbre s Ta6nHue 1, 3 a HCK11JO'IeHaeM nnyTOHiiSJ 

Ii '18CTH npOT8KTHHH51, 

¢p8KU!i51 8KTHHHJlOB BMeCTe C H8"1a1IOM cppaKUHii 118HT8HHJlOB ynapHB8118Cb JlOCyxa l\ B 

0,5 H. TIC! HBH <;>CM118Cb Ha K 01IO HKY pa3MepoM 2x 100 MM c KBTHOHHTOM aays Kc-50xl2. 8 Ka-

q ec Tse 3 11JOe HT8 HCIT 0 1lb30B811C 51 1laKT8T HIIH a -oKCHH306yTHpaT 8MMOHH51, npH 31'0M MeWaJO-

WHJl Pu 
232 

BbrM&rsancSJ 3a C/ , T,e. Jl81leKO OT Fm Pa nepea Fm ( cpa3y 38 cso6oJJ.HbiM 

OObeMOM), a OCTSTOK fla OC T8B811C51 H8 KOliOHKe , 

r-f pH Bbi)le1leHHH Fm 
260 

H C/ 
246 

Mbl HHOI')la ITpHMeHSJIIH TOIIbKO BTOpoe pa3 )leneHHe HS 

JJ.ay s Kc-50, T,e, JJ.e11H11H Bbi)le1l e HHY·IO CMeCb 118HT8HHJlOB H aKTHHHJlOB naKTSTOM HIIH a -oKCH

H306yTHpaTOM 8MMOHH51, npH 3 TOM X OpOWO OT)le115110TC51 BCe MeW810WHe 31IeMeHTbi, npHBe)leHHbie 

B T861IHUe 1; TOpHJl B hlTeKaeT cpa3y 3a CB060JlHhlM 06beMOM K0110KK!i nepe Jl Ka11HcpopKHeM H 

cpepMHeM, a aKTHKHJl BbJTeKaeT )la1leKO 3a BCeMH TpaHCypaHOBbiMH 3 1le MeKTaMH ( 10), paJJ.HJl 

H ·rh226 BbiM bJBSeTCSI ITOCIIe aKTHKHSI, a61IJOJl8110Cb, 'ITO p o rraaaeT B O see cppaKUHH aKTHHHJlOB, 

,. C/ 246 Fm 2S2 Mo~-OJJ.KaKo, OH HMeeT II01ly'laCOBOn rrepHOJl II01IypaCII8Jl8, T8K 'ITO H3Mepe HH51 H ~ 

KO 6brno H8"1HH8Tb nocne pacnaaa Th 
22f 

5 



Bbi.aeneHllbU~ ¢paKUHH ::~moeHTa nocne BbicywusaHHSI H npoKallHBaHHSI npe.asapuTellbHO H3Me

PHilHCb H8 a -aKTHBH OCTb CUHHTHilllSIUHOHHLIM C"{eT'IHKOM C cpOTOYMHO:lKHTelleM H HB {3 -aK

THBHOCTb - c n oMOWbiO T<?pueaoro cqeT"{HKa THna MCT-17 • 

ll8nee cppaKUHH 1 conep:lK8lL(He 11HTf•pecyiOLillle HBC Tp8HCypa HOBf ,f 0 3/lOMe HTbl, ll OM e W8m!Cb 

B H OHII 3 8UUOHHyiO K8Mepy, HMnyllbC bl OT K O Topo i% II OL\ 8138/lHCb Ha 100-K8H81lbHhiA 8H8l!H 3 8TOp 

"Panyr-8". Vf3MepeHH~I HB K8M e p e 11pOJ:t0Jf i i<IWHCb B T e '-l e HH e BpCMCHH
1 

COO TBe T CTBYIO I.UC r o 

HeC K OllbKHM n e p11on oM nonyp8cnana. TaKIIM o6 pa30M n.a o HTH l i •HK8UIHI H30TOII8 npoaonunacb 

n o XHMH'-IeC KHM CDOi%CTBBM 1 9 He prHH a -'-IOC THU H n e pHOLty H 0 11yp8Cn8,ll8, 

CneJlyeT n on '-l o pKHyTb, '-ITO 6onbw o A DI, rxon p83 JJH"{HbiX a -aKTHBHWX 11 30TOllOB 1 Ha6n~-

~'lDBLUHXCfl 11p11 o6 l!y'!eHHit T OpH51 H ypaH8 T5I ;.KelJJ,fMH HOH8MH1 yK83L>IBBeT HB ce pbe3HYIO o n aC IIOC Tb 

KOTO pDR D OJlC T O p e rae T SKCnepHM C HTB T OpO np11 CH HTe3e HOB UX Tp8HCypD 11 0UW X 91lSMOHTOD
1 

B 

CJIY '-180, KOr' JlO Jl0T OK THpOU811H e OC yLU CCTI1J15I C T C 51 110 a -qaCTHUDM . 

Pe3 ynbTD T bi H H X o6c y ;.r<ne HHe 

Ha pu c . 1 ( A ,6,B) noK838H bi KpiiB L>Ie pacnana a - aKTHBHOCTH Cf H6 FmHo H 

l$2 
Fm 11 COO TBCTC TBYIOW He a -cne KTpbl, Vf3 3TiiX piiCYHKOB B11JlH0 1 '{TO Hy ;.I< HIAC 11 30 TOilhl 

BbiJl<"J15IIOTCH noc TaT04H O Ha.ae •i\ HO. H e KoTopbi e Tpy.llHOCTH npe.acTasnHno nHWb B r.rnene HI! C 

2$0 -
Fn. a p ea Kuau 1_!.1 H 3 -3a M a noro ::~cpc!•eKTH I1 HOro c e '-l e HaH pe8KLIItli. 

r l e pliOJl nonypa cnana 
212 

Fm , onpe n e neaH t>IA a Haw It X 9 KcnepHM e HTax , cocTaBI15JeT 

27 :!:._2 '-I OC , 8 o ny6 JIHKOB8HHOH JIHTe paType HMDIOTCH LtBe pa60Tbl 1 B KOT Opl.IX n e pi1 0Il 11 0 IIy -

H1 I'd/ I 10 1 
p ac nan a Fm o npene.rJ e H s 30 '-1. u 22 '-1. 

ll ony •wunr.r e p e::JyllbTBTbi Lt J151 nf, f XOlla p e a .KnHA 1- Y, ycpe nB e iiH bl e n o IICCKOJlbi< II M 3KC II c.·

pBM eB T 8 M1nponcTann e B w B Ta6nHu e 2. 

Kai< Y 'I'e yKD3biBanoc b so Boe.a e ~mu, 6 o nbWOH HIITe p ec npe ncTaonHe T cpaa11emtc 3 tlH! •e KTtm

ll b iX Cf> '!e !IHH o6 pa30B8111151 OL\ 110('0 H TOr' O )Ke H30TOfl8 Hplt p83 JlH'-IH biX KOM 6 UB 81! HSJX M l! WG IIII 

If 6 0 M 6 8pLtHpy10 uteif '-18CTI1U bl, .[11151 T Or' O , '-IT06bl no BhiXOJ:ty paCC'lHTllTb M8KCHM8JlbH Oe 3CpcJ•e K-

THOII OO <.:C't e HH e pe8KI!HH..,I He06 X OLt llM O 3 118T b cpopMy Kp11BO H a( E) . DnH 3TI1X uene A M bl a o cn o Jib .. 

3011(l ll 11 C !o U CJIY48 e peDKUH&i .!_- 1,!_1 I 1,2,4,5 / 
LtB IIIIblMH, ony6JJHKOB8HIILIMH B pa6 0 T 8 X ; CJien y · 

t!TJ OLtHBKOJ HM OTb B BliJ:ty, '{TO n e peXOJ:t K Ltpyroif "{BCTI!Ue li8CK() /lbKO necpopMHpyeT BHLt KpH 

BOif a( E). HaM npGLtCT8BJ1SieTC!il, 4TO CB SI38HB8H C STHM OWH6Ka H e 5yneT CJJHWKOM 60JlblUOH . 

13,41 
B cny '-!a e peaKI!liH I Y u Y l1 Mf!IOUtHeC!il naHH ul e M C~ H ee onpenene mtLr, n oaT oM y n ony 4 e H-

H b iO LtJISI STHX peOKUHif ce• te HHR !le06XOLt11M" nACCM8Tp11B8Tb KBK OUeH04li l>l e • P acC 'IHTaiHI !>l e 

TBKIIM o6pa30M aenH '-IUII b i c e 4 e HHA npHoene H~>I B Ta6nuue 3. TaM :lKe y ·Ka3aHbi naHHbie, n o Jiy-

'-! e HII L>I e .an H 9 THX peaKullA B npyrux pa6oTax. To'-!HOCTb HOJiy'-l e HUWX HaMH Lt8HHWX 

11 e B b!W l~ 20-30% , a B CJ1y4 a e 06Jiy'-l e HH51 T OpHH He OHOM - 40%. 

HO 
3¢cl1eKTIIBHoe ce q e uue o6pa3o o aHHH Fm ::. a cqe T p e aKLIHH 4n npH o6ny'-le HHH 

1 1-4 1 146 
n JIYTO HH51 yrJie pOLtOM li ypa Ha KlfCJlO p OLtOM 6 blJIO lf3MepeHO B pa6oTax • nnSI Cf TaKHe 

• 16 ,11 
>Ke n aHH biC 6 b iJIH nony'-leHbi a pa6oTax • B Ta6nHue 3 TaK :lKe cnenaHo conocTasne HHe no-

ny'-leHHbiX peayJibTBTOB C HBWHMH, 

6 



3TO COfiOCT8BJJeHHe fi03BOJJSleT c.aeJJ8Tb BbiBO.U, 'ITO I·JaH60JJbWee Ce 'leHH e noJJy'!aeTCSl llpH 

KOM6HH8UHH TSI)KeJJOJl MHWeHH H nerKoA 6oM6ap.aHpytO!l.le A 'IBCTHUbl, 

ConocTaaneHHe BbJxo.aa Cl UtS , o6pa3y1ower oc SJ npu o6ny'le i!H H U 
16 

HOIIBMH 0 ) 

Fm 
:uo 

C BblXO.UOM fiOK83biB8eT, 'ITO fiO.U8BJ1SltOW8Sl 
HIS 

'IBCTb Cl o6pa3yeTc H 3 a c'!eT peaK-

uuit ( a4n) • B aToM OTHoweHHH HBWH .aaHHbJe no.aTaep*.aaJoT pe3yn bTBTbJ, nony'te llllbte n 
/3/ 212 

pa6oTe TapaHTHHa H.VI. H .apyrux • HaM npe.acTaanSJeTC51 , 'ITO ocH OFI Hatl 'IBCTb Fm ao3-

HHKaiOwero npu o6ny'leHHH U 
231 

nonaMu Ne 
22 

TaK/I..:e CIH!3311a c peaKuu e11 ( a4n) Ha 

pnc. 2 npl·m e.aeHbl ceqeHJi51 peaKUHH (a 4n) npH 06JJyqr~ llliH ypa 11 a HOJI8M li yrnepo.aa , KH CIIOpo-

.aa n HeoHa , Mbl DII.UHM, 'ITO KBK H a cnyqae pe aKuHil nm a ( 4n )
1 

ua6mo.aaE>TCSI nane Hn e ce•Ie-

HIIH n o Me pe ne pexo.aa K 6onbwe My 3 Ha'leHnJo Z CIII!Te3HpyeM oro TpaHcy panon o r o aneMe ~na. 

Cpaanemw ce'!e uuit o6pa3oaaHH51 C 242 Cl246 
m : 11 Fm 

212 
H Fm2J

0 
a peaKUIHIX ( 4n) H 

( n4n) no KC!3bJBaeT, 'ITO peaKUiiSl (a 4n) ue naeT yaelln'tenHI'I ceqeuuSJ no cpaaJteHiliO c peaKUif eil 

( 4n ). 

B 38KJllo qenn e aaTopbt npHHOCHT rny 6oKy iO 6naronapnocTb qneHy-KoppecnounenTv AH CCCP 

f ' ,H.<Pnepoay 38 HHTepec K pa6oTe, rpynne aKcnnyaTaUHH UHKIIOTpo11a, oco6eHim T,Oranecsmy I{),U., 

1{) ,8, fl o6aHOBy, E.H. MapKOBy, B.A. Weroneay, a T8K JI<e E . .Ll • .Llonuy, r.KyMnc!Jy - 38 m o6e3HOe 

npeJlOCT8BJJeHHe HOHH38UHOHHOJl K8Mepbt C c e TKOit H llOM Otllb npli a -H3MepeHHSIX, 
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Ta6nHua 

J.1ayqaeMbi9 TpaHcypaHOB bie aneMeHTbi M e wa10 u.me aneMeHTbi 

J.1soTon E (Mas) 
T 1/2 J.130TOll E (Mas . ) fv\aTe pHHCKHA H3 0TOn) . 

onpe.nenSIIOllliiA T 
112 

ueno'IKH 

Cf 246 
216 224 

6,7i 36 qac Po 6,78 Ra 3,6 .OHSI 

211 222 
At 6,70 Rn 3,8 .OHH 

Rn 2 u 223 
6,81 Ra 11 .OHetl 

227 
Th 18 .OHetl 

210 214 221 
Fm 7,43 30 MHH Po 7,68 Th 30,9 MHH. 

Ra22o 232 
7,45 Pu 36 MHH. 

Fr 2H Pa 
227 

7,30 38 MHH, 

Po 211 
7,43 

Pb 211 
36 MHH 

223 
(Hs Ra ) 

Fm 
212 7,04 27 qac Rn 218 7,13 Ac 

226 
29 qac 

At 211 221 
7,02 Ac 10 .OH9A 

Ra 
221 

14 .OH9A 

Ta6nHua 2 

N2 p 9 a K U H 5I 
Bxo.nHaSI 

B hixo.n Ha 
aH9pi'HSI 
qaCTHUbi (Mas) 

1 'l8CTHUY 

-

I. Th 
232 

(0 
11

, 4n) Cf 
246 

97,5 8,6·10- 11 

105 1,5·10-11 II. Un 1(0
16

,4n) Fm 
210 

130 3,1·10- 12 III Th 232
( Ne 

22
, 4n) Fm 

:uo 

IY. U 231( 0 16, a4n) Cf 246 105 2,4·1o- 10 

136 7,4·10-12 231 22 2$2 
Y. U (Ne,a4n)Fm 

149 9,0·10 -12 
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T a 6 n w u a 3 

P e a K u w H Ce '!e Hw e 
P a 6 o T a (cM2 ) 

3· 10-31 
t 

232 ' 22 2&0 
Th (f,e ,4n)Fm 

2,5·1 0- 3 1 
I ll I 

U HI ( 0 16 , 4n ) Fm 210 
1·10 - 30 

I I, 21 

1·10 - 30 
* 

Pu 
242 12 

(C , 4n) Fm 
:ao 9.to-30 141 

s.to-30 
/2/ 

Pu 241
' ( C 13

, 4n) Fm 210 

6·10-30 ' 131 

Th 232 ( :e 11, .4n) Cl HIS 7·10-30 
* 

u 238 ( c 12 , 4n) Cl :HIS 3·10-29 
/4 / 

6·10-29 151 

U 231 (C 12,a4n)Ctfl 
242 - 10-28 /4 / 

- 10-29 131 
U 238 ( 0 liS, a 4n) Cl HIS 

s·to-30 
* 

U 
231 

( Ne 22
, a 4n) Fm 242 2·10-31 

* 

* · Haww LlaHHbie. 
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10 
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I (ON 

10N 7,4N~ 

6. FI'T'I -250 I I ·Do 

r .) \ r fO 

! { 12 =30 NUH 

·~ 
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~ UMn 
UMn.l 20 4o 60 80 MI../ H. 20 ~SM z,o,.. 
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I ~ I I 1 .. 
10 

5t 
T '/z = 27 we I I I -l 10 
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PHc. 1. KpHBbie pacna.na a -aKTHBHOCTH · H a -cne KTpbi 

ci 246 ' FmHO Fm 2S:J 
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238 ( 12. ) 2~2. 
U C ,o(4n Cm 

1 

6 8 10 12 

Z- ooM6apg. ~acmuu.ol 

P11c. 2. CeqeHHSI peaKUHH ( a 4n ) rrpH o6nyqeHH H ypaHa HOHBMH y r nepo.ua, KHCllopo.ua 

li HeOH8 B 38BHCHMOC T 1i OT Z 6oM6ap.o.Hpy10Weit qaCTH Ubl. 


