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B pa6oTe
1 11 

yxaahiBllnOCL, 'ITO npH 6oM6ap.a.•poBxe U 
233 

HORaMH B 
10 

H B 11 
Ha6mo-

.a.aeTcH cnoHTaHHO .a.enHII!HiiCH npo.a.yxT c T ~ = ( 2,6 + 0,2) MHH. BLmo BhiCKaaaHo npe.a.-
- 233 10 239-n. 

nonoJKeHae, 'ITO aToT npo.a.yxT o6paayeTCH B H.a.epRhlx peaKilHHX THna: U (n ,axn) Am 
233 . 11 2~0-ZD 

H EJ U (B , axn)Am J UpH'19M RaH6onee BepOSITBhiMH Up0ll.y:KT8MH peaxnHII SIBillllOTCH 

H30TOITbl aMepHUHH C M8CC0Bb1M 'IHCnOM A ~236 

Cnpase.a.nasocTL aTOro npe.a.nonoJKeHHH MOJKBO nposepBTL, accne.a.yH 6onee npocThle 

Slll.9pHhl9 peaKUHH CHHT938 nerKHX H30TOITOB 8M9pHilHB 1 ·HAYDtH9 '19p93 COCT8BB09 HAPO C ITOC

ne.a.yiODtHM acnapeHHeM HecxonLKHX HeliTpoHoB. Taxae peaKnHH .a.onJKHLI ocymecTBnHTLCH B 

nponecce 6oM6ap.a.HpOBKH H30Tona Th 
230 

HOHSMH B 
10 

H 8 I! 

HaMepeHHH npooo.a.anacL, xax H paaLme, Ha npo6HHKe c HaxnoHHoll MHmeHbi0/
2

/ B 

aKcnepaMeHTax acnonh3oBancH npepLIBHCTLill peJKHM pa6oTbi ycxopHTenH Y-300, TaK 'ITo o.a.

HospeMeHao o6ecne'IHBanHCh ~~9KTHBH8SI perHCTp8UHSI OCI!:OnKOB CITOHTaHHOrO .a.eneHHSI npo

ll.YKTOp peaxnall H H3MepeHHe nepao.a.a nonypacna.a.d. 

PerHcTpanHH ocxonxoB cnoHTaHHoro .a.eneHHH npo.a.yxToB peaxnHH Ha'IHHanacL cnycTH 

2S cex nocne OKOH'ISHHH rrHKna o6ny'leHHH, 'ITO HCKnro'lano ~eKThl, o6ycnosneHHbie cnoa-

TSBHO .a.enBotHMHCSI ITpOll.YKTSMH C ManLIMH Bp9M9H8MH JKH3HH. 

BpeMH o6ny'leHKH B onbiTax sapLKposanocL OT 8 .a.o 12 MKH. B TaKHX JKe npe.a.enax B 

COOTB9TCTBYIODtHX OITbiTaX MeHHnOCh H Bp9MSI H3MepeHHH. 

06ny'I9HH9 MHill9BH H3 Th 
230 

npOBOll.HnOCh HOHSMH B II B illHpoKOM HHTep-

sane aHeprHll. MHmeaL npHroToBnHnacL MeTo.a.oM HaaeceHHH aKTHBBoro aeotecTBa c opraHH

'19CKHMH .a.o6aBK8MH Ha aniOMHHHll C nocne.a.yJODtHM BhiJKHr8HH9M opraBHKH. 

MameHL co.a.epJKana 250 MxrlcM
2 

Th 
230 

paaea 12°. TaxHM o6paaoM, ~eKTHBaaH 

• Yron HaKnOHa MHill9HH K ITY'fKY HOHOB 6bin 
2 

TOnotHHa Mlfill9HH COCTaBnHna 1,2 MrfCM Tb 230 

, 230 
HaoTOnHLill cocTaB MHmeaa: 50%- Th Th

• 232 
H 50%- , U03TOMY nonBaH ~9KTHBH8SI TOn-

DtHHa MHill9HH no 

HOBOB 8
10 

B 

2 
TOpHIO 6bin8 paBBOil 2,4 Mr/cM , 'ITO COOTB9TCTBOBano ITOT9pBM SHeprBH 

8 11 
B MHmeBH = 1,5 Maa. 

8 060HX cny-qagx 6blnB 3aperHCTpHpOB8Bhl OCKOni!:B CITOHTSHHOrO .a.eneHHSI C nepHOAOM 

3 

.. 



Ill 
nonypacna.Qa T * • ( 2,6 ! 0,2) MHB, Jtax a s pat5oTe • 

Ha pac. 1 npe.QcTasnea pacna.11 STHX npo.QyxTOs, Cne.QyeT ot5paTan. SJfBMaBBe sa TO, 'ITO s 

peaxtunr Th 230 + 8 ID npH aaeprasx !IOBos 8 ID ~ 82 Mas H sbJllle aat5mo.Qancs aosb!ll enos-

Ta&BO .QenamxllcB aany'laTen& c T~ • (1,4 ~ 0,25) MBB (pRe, 2). 

0oaTOMy .QnB DOnY'IeBBH ~YBKDBH aoat5y~eBHH 216 - MBByTBOro CDOBT8HRO .Qenamerocg 

npo.QyxTa s peaxnax Th23D +BID seot5xo.QHMo accne.QOBaTb sxna.Q 1,4 -MHHyTsoro aanyqa-

TanH, TaJtHe onb!Tbl t5blnH npose.QeHbl, Ha pxc, 3 npe.QcTaaneabl ~YRXllHH soat5y~eHBH 2,6 -

MBByTBoro npo.llyxTa, o6paayJOmeroca s peaxnaax 1'h
23

D + 8
1
D H Th

23
D + 8 11 c y'leToM 

~OBI! .Q9T9ltTOpOB0 B 104 -MBHyTHOrO npo.QyxTa. 

CnellyeT OTM9TBTb0 'ITO M8B:CBMYMbi SbiXO.QOS CllOHTaHRO .QenBmBXCB DpO.QYKTOB S 9TBX 

p&altllBBX C.QSHJfyTbl no mxane aaeprxlt BOROS npxMepao sa 12 Mea, 

Tax Jtax TopaeaaB MHmeah ae MoJfoaaoTonsa, aeot5xo.QHMO t5blno nposecTH KORTPOnbRble 

ODb!Tbl B Sb!BCJfHTb, Ha lt8B:OM BM8HHO B30TOD8 

c nepxo.QOM nonypacna.Qa 2,6 MHH, 

o6paayeTCB cnoaTasao .Qensmaltca npo.QyxT 

B KOJfTpOn&HbiX ODbiTaX HCDOnbaOsanacb MHW9llb H3 Tb 
232 

C ~~eKTHBROlt TOnmBROlt 
2 ID 

• 5 Mr/cM • 06ny'I9Hll9 MRW9BB R3 TOpB>I-232 Dpoao.QBnOCb ·HOHilMR 8 DpB aBeprBB, COOT-

S9TCTSyiOmell MaltCBManbBOMY Sb!XO.IIY asny'laTens c T ~ • 2,6. MBB s peaxnaa Tb23D + 8 11 

10 ' 
B S TOM JK9 CAMOM pelKJIMe, 06ny'I8HH8 BOBaMB B DpOBO.QBnOCb llpB B8CKOnbKO M9BbWeJI: 

aaepraa (pac, S). 

3TH ODbiTbl noxasanH, ~o ecn• • peUJlllR Th 
232 

+ B 
11 

B aToM .QBanasoae aaepralt a 

o6paayeTCH CDOBTaBBO .QensmBIICH DpO.QyB:T, TO rpaaBna ero Ce'I9BBH ot5pa30BaBBH 
-35 2 

0 $_ 3 • 1 0 CM • 3Ta rpaHBna ODpe.QenHnaCb ~OBOM CTeKnHBBb!X .Q9T9KTOpOS0 38BBCHlllBM 

OT cyMMapBb!X BeiiTpOBBb!X DOTOKOS B COCTaBnBJOlllHM • 6% OT ~eKTa. 

Pac'leTbl senB'IHB ce'leBBH ot5pasosaaas 2,6-MBHyTHbiX npo.QyKTOS B o6eax accnenyeMbiX 

peaxnaax .QaJOT cne.QyJOmae senB'IHRbl: npa ot5ny'leBBB Th
23

D aoaaMB B
1
D c aaepraell 

E ID•71 Mas nonyqeaa sena'IBBa o • (5,7+0,5).10-34cM
2

, as peaxnaa Th23D +B 11 

B - -34 2 
nony'leao ce'l:eaae ot5paaosaaaa aToro JKe nponyxTa o m (5,4 + 0,5),10 eM npa 

E 81D .. 81 Mas. 

BB.Q ~yBKllHB S036y~eBBH aTOrO DpO.IIYB:Ta S Bbllll9yDOMBBYTbiX peaKDBHX DO.QTSep~aeT 

pasea Sblcxasaaaoe npennonoJKeaxe o B03MOJKBOCTB acnapHTenbHbiX _peaxnall c acnycxaaaeM 6 

BnB 7 aeiiTpOHOS H3 sost5y~&HHOro KOMDayB.Q-Hilpa, 

3TO DO.QTS&plK.QaeTCB TaB:JKe oneRJtaMB nonoJKeHBH MaB:CBMyMOB ~yRKllHII S036y~eRBB 

peaxnalt Tb
23

D (B
1
D, 6n )Am 

234 
B Th

23
D (B

11
, 7n )Am 

234 
, xopomo cornacyJO-

mBMBCB c axcnepaMeaTanbabiMB saa'leHBHMB MaxcaMyMos ( E 11 • 82 Mas a 
B pac'l. 

E ID • 70,5 Mas), npB aToM TeMDepaTypa H.llpa npBBBManacb pasaoll 1,5 Mas. Mac-
B pac'l. /3/ /4/ 

~(:.!! [:I 
'\1:. 

f ~~·I 
~ I 

i 
~I il 

·'I 

I 

I~ .. j' ,,, 
\l/) 

~. 11~ ' 
~~ 

Cbl B.Qep 6panacb as Ta6nHll KaMepoaa B 3arepa , Opellnonaranocb, 'ITO nonoJKeaae 

I 
I 

4 

• 

~· 

M81tCHMyMOS ~YBKDBII S036yJK.QeHBH peaJtnBII Th230 (BID '6n) 

C Ot5pa30B8RB8M aMepBllBB-234 He SaSHCHT OT TOrO S OCHOBBOM BnH H30 

o6pa3yJOTCH STH Bllpa, 

Ha cosoxynsocTH aTHx .QaRRb!X cne.QyeT, 'ITO aast5onee sepoSTBMM 

SaJOmHM CDOBTaBHOe ll9n9BH9 C T ~ • (2,6 ~ 0,2) MHR BSnBeTCSf Am 2 

nns o6~BCR9RHH CTOnb Sb!COKOI! sepoBTHOCTH CDOHT8HROrO .QeneSHH 

Dpe.QCKa3b!Sa9Mb!M 3Ra'leRB9M Sa OCROSaRBH paanB'IBb!X CBCTeMaTSB: MOll 

'ITO aat5nJO.Qa9TCH CDORTaHB09 .QeneRB9 R3 H30Mepaoro COCTOHRHB Am
234 

3Ta ranoTesa a(l asnaeTCH e.QBRCTseaaolt, HanpaMep, ae BCitnJO'IeRI 

naa.QbiBaJO!llero lleneaxs, ecna npa K -aaxsaTe Am 
234 

o6pasyeTca anp 

aaepraell sost5yJK.QeSHH. 

ABTOpbl secbMa npasaaTenbRbl B.A. rsoanesy, IO.C. KopOTKBBY sa 

meaell. AsTopbl 6naro.QapHT B.n. nepenbirBaa H COTPY.IIHHKOB ero rpym 

a ot5pat5oTxy .QeTeJtTopos, A.r. nanbKOBa a B.B. lllaTosa aa noMol!lb a: ~ 

n a T e p a T y p a 

1. B.H. Kyaaenos, H.K. Cxo6enes, r.H. <!>nepos. OpenpHRT OHHH, 
1965; H.11epsaa ~aaatta, ..1 , 99 ( 1966); 

2, B.H. Kyaaenos, H.K. Cttot5enes, r.H, <!>nepos. OpenpBHT 011HI1, 
Hllepaaa ~HaBxa (B ne'laTa). 

3.A.Cameron,Report CRP -690(1957), 

4. P .A .Seeger. Nuclear Physics,~· 1-135 ( 1961 ). 

"' PyxonBcb nocTyns.ri:a s aanaTenbCKBII ' 
3 asrycTa 1966 r. 
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Ill 
( 2,6 : 0,2) MHB, ltSIC B B pSOOTS • 

CTSBnea pSCDSJl aTHX DpOJlYJCTOB, CneJly8T OOpSTHTb BHHMSBHe liS TO, 'ITO B 

npu aaepruRx goaos B 
10 ~ 82 MaB u Bblrue as6nroJlsncR BOBhiA enos-

ny'IST9llb C T* • (1,4 ~ 0,25) MHJI (puc. 2). 

DOnY'18HHR $yHKDHH B030Y*ll9HHR 2,6 - MHByTBOro CDOHTSJIHO Jl9nRrueroca 

Tb
230 

+ 8 IO aeoOXOJlHMO HCCneJlOBSTb BltnSJl 1,4 -MHHYTHOrO H3ny'ls-

OhinH npoBeJlaHbl. Hs puc, 8 npeJlcTssneHhi $yBltllHH B036y*JleBHR 2,6 -

o6ps3yromeroca B peSltDHHX Th 230 + B 10 B Th 230 + Bll c y'leTOM 

1,4 -MHHyTHOrO DpOJlyKTS. 

'HTb, 'ITO MSKCHMYMbl BhiXOJlOB CDOHTBHHO Jlenl!lUHXCR DpOJlyKTOB B STHX 

no mxsne 3Beprul! HOHOB npaMepao as 12 MsB. 

BSR MHWeHb He MOHOH30TODHS, HeOOXOJlHMO OblnO npoBeCTH KOBTpOnbHble 

HB KSltOM HMeHHO B30TODe OOpa3y8TCR CDOHTSHRO JlenRruHl!CH npOJlYJCT 

DSJlS 2,6 MHH, 

ODhiTSX HCDOnb30BSnSCb MHW9llb H3 Th 232 
C s$$altTHB!IOA TOni!lHHOl! 

JIBe MRWeHH H3 TOpHR-282 DpOBOJlHDOCb HOJI&MH 8 10 DpH SllaprHH, COOT-. 

an~oaoMy BbiXOJlY H3ny'laTena c T * • 2,6. MHR B peaKD;aH Th230 + B II 

10 ' 
•elKHMe, 06nyqeaae HOJISMH B DpOBOJlHnOCb DpH ReCKODbKO MSllbmeA 

a3anH, ~To ecn• • peaxnua Th 232 + B II 
B STOM JlHSD8.30Re SllepraA H 

o nenamal!ca npoJlyxT, To rpaauus ero ceqeJIHB o6pa3oBal!aa 

I• :3Ta rpSRHilB. ODpenenanB.Cb $OJIOM CT9ltDRRHbiX Jl9T9KTOpOB
0 

38BHCHWHM 

OliRbiX DOTOKOB H COCTSBD>IIOI!lHM ~ 6% OT s<jxpeKTS. 

Hll C9'1eHHR 00p830BSRHR 2,6-MHHYTllh!X DpOJlYKTOB B 009HX HCCnenyeMhiX 

romae senH'IHRhr: npa o6ny'leRHH Th
230 

HollaMa B 10 c 3HepraeA 

eaa BeDR'IRJIS U = (5,7+0,5).10-8
4 

CM
2

, 8 B peSKilHH Tb230 + Bll 
- -84 2 

pa30BSRHH 3Toro JKe DpOJlYJCTS U c ( 5,4 + 0,5) ,}0 CM DpH 

30Y*JleRRR 3TOro DpOJlYKTa B BhiWeyDOMRllyThiX p98.ltllHHX DOJlTB9p*JlaeT 

pennonoJKel!ue o B03MOJKROCTH acnapaTenbHhiX _peaxuul! c acnycKa~ReM 6 

030Y*Jleaaoro KOMDB.YRJl-Rnpa, 

9TCR TB.KJKe Oll8Rlt8.MR nonoJKeJIRR MB.KCRMyMOB $yRKilRA B030y*JleRHR 

6n ) Am 
2

H a Th 
230 

(B 
11 

, 7n) Am 
234 

, xopowo cornacyro-

TanbHhiMH 3Ba'leRH>IMH MB.ltCHMyMoB ( E 
11 

• 82 M3B R 
e pac'l. 

38), DpH STOM TeMI!epaTypa RJlpa DPRliHManacb paBROl! 1,5 M3B. Mac-
/8/ 14/ 

a6nHU KaMeposa u 3urepa • fipeJlnonaranoc~o, 'ITO nonoJKesue 

4 

• 

" ti ' 
~I 
· ... , 

1
··:·.,· 

' 
' ' 
I i 

' I ~, 

,,. 
[:}\) 

:;',1 
•,"·~.' \ 

_,~~ ... 

MB.ICCHMyMOB ~YRKilHl! B030yJI{JleHR>I pealtnHA Tb230 (8 10 ,6n) H Th 230 (8 11 , 7n) 

C 00p830BB.JIH9M B.MepRilHH-284 H9 38.BHCHT OT TOrO B OCJIOBJIOM HnH H30M9pl!OM COCTORJIHHX 

o6pa3y~a 3TH >IJlpa. 

l13 cosoJCynaocTH 3THX naliHhiX cnenyeT, 'ITO llaa6onee sepo.llTBbiM nponyxToM, RCDbiTbi-

BaromuM 'cnol!TaBaoe neneaue c T * a (2,6 + 0,2) MHH RBn>leTca Am 234 

nna OO~RCHeRHR CTODb Bh!COKOl! B9pORTHOCTH CDORTSJIROrO JleneRHR DO CpSBReRHIO C 

DpenCK83biBSeMhiM 3liS'IeRHeM RB. OCROBB.RHH p83nH'IRbiX CHCT9MB.THK MOJKHO npenDOnOJKHTbo 

'ITO Ra6niOJlB.eTCR CDORTB.HROe Jleneaae H3 H30Mepaoro COCTOSIRHH Am234 

:3Ta ranoTe3a He >~BnaeTcR 9JlHRCTBel!aol!, HanpuMep, ae HCKnro'leaa B03MOJKROCTb 38.

na3Jlh1BB.IOI!lero Jlenel!HR, ecna npu K -aaxBaTe Am 
2
H o6pa3yeTCa RJlpo Pu 234 c 6on~omoA 

saeprueA Bo36yJI{Jleaua. 

ABTOph! B9CbMB. npH3RaTenbRhl B.A. rBo3nesy, IO.C. KopOTKRlly 38. npHrOTOBneaHe MH

mel!el!. ABTOpb! 6naronapaT B.n. nepenbirHRS H COTPYJlRHKOB ero rpynnbi 38. DOJlrOTOBKy 

H o6pa6oTlty Jl9T91tTOpOB0 A.r. fiRnbltOBa H E,B. lUHTOBa 38 DOMOI!lb B pSOOTe. 

JlaTepaTypa 

I. B.H. Ky3aeuos, H.K. C11:o6enes, r.H. 4>nepos. fipenpHaT Ol1.Rl1, P-2499, .lly6aa, 
1965; .Rnepsaa $H3HKa, ..1, 99 ( 1966). 

2. B.H. Ky3aenos, H.K. CKot5eneB, r.H. 4>nepos. fipenpHRT Ol1.Rl1, P-2486, nyoaa, 1968; 
.flnepl!SR $H3H~B. ( B D9'18.TH). 

3. A. Camemn,Report CRP- 690 (1957). 

4. P .A .Seeger. Nuclear Physics,~· 1-135 ( 1961). 

i 

i> 

Pyx.onucb nocTynu.lia B H3naTenbCKBl! OTJlen 

8 asrycTa 1966 r. 
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