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aa c;ncKaane rreaott cTenean KBH.llli -
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,. O.oHHM H3 HanpaeneHHA 9KCnepHMeHT8JibHhIX H Te0p8THl{9CKBX HCCJI8.!l0BSHHfi B fl'Ll8pHoA 

cirn3HKe asmteTCSI H3Y'l8HH8 npouecca pacna.oa B035Y>K.!l9HHbIX S1,aep, o6paayIOI.UHXC$1 B Slll8pHbIX 

peaKUHHX. B 0DbITaX C nerKHMH l{SCTHUBMH /npOTOHbI, H8ATpom,I, °' - 'tSCTHUbl H T.a../ 5btn0 

n 0JIY"leH0 50JibW08 K0JIHl{8CTB0 LlilHHblX, K0T0pbie D03B0lIH11H C0CTBBHTb npe.ocTaB118HH8 o5 

ocH0BHhIX 11epTax npouecca pacnaaa eoa5ym.oeHHhIX H.oep. 

B cny'tae TSl>K811blX R.aep 0CH0BHblMH cnoco5aMH pacnar:ta RBllHIOTCSI .a,eneaue H Hcnape-
' . I/ 

H He H8ATp0H0B. 3KcnepHM8HTBJibHbl8' aaHHbie .. II0K83bIBBlOT, 'ITO 0CH0BHblM napaMeTp0M, 

onpe.aenHIOWHM C00TH0W8HH8 M8>KLlY SITHMH llBYMH npoueccaMH, ~BJ1Sl8TC$1 B8JIH'IHHB ¾~ 1 

r.ae 2 -. aapH!l. siapa, A - Macca Hnpa.· C yeenH'l~HHeM ¾2. yMeHbwaerrcst 5apbep aene-, 

HHSI, 'IT0 npHB0!l.HT K YB8JIH'l8HH10 B8JlH'IHHbl .#' t r'JJ.8 ff - ll,8JIHT8JlbHBSI WHpirna, a rn-H8A

Tp0HHllSI ,WHpi:.rna. O.0.HBKO H3 3KCD8pHMeHTBJib;blX .OBHHbIX CJI8LlY8T T8K>K8 1 'IT0 n 38BHCHT - - r1,, 
u;e T0llbK0 OT eemPIHHbl 5apbepa .neneHHSI, HO H OT 3HeprHH CBSl3H H8ATpona. no-BH.llHM0My, 

H aHJIY'IWHM napaMeTpOM, ~:mpeaeJISllOWHM . -R I Sl:BJISl8TCSI pa3~0CTb Me>K.o,y aueprHet1 CBSl3H 

HeATpoHa u ·6apbepoM .o.eneHHSI. 

Boo5we M0>KH0 npe.o.non0>KHTb, 'IT0 C00TH0WeHH8 Li 38BHCHT OT. SHeprHH B036y>K.Q8HHSI 
rn . 

sr.opa, 0.llHBK0 8KCnepHM8HTbl noKaaann, 'ITO enn0Tb .ao aeeprHft B036ym.aeHHSI, paBHblX "'40Mae, 

, 9T0 0TH0W8HHe 0CTaeTC.R nocT0SIHHbIM LlJISI .aanaoro H30T0na. 

Pa3BHTH9 T8XHHKH yCK0peHHSI T8>K8JlbIX H0HOB 0TKpLJBaeT H0BbI8, B03M0>KH0CTH P,Jl$1. H3y

'l 9HH51 npouecca pacna.aa B035y>K.LI8HHbl~ Sl!lep. 3To .cB5138H0 C ·TeM, 'IT0 B peaKUIJSIX C TH

>K8JlbIMH H0HBMH / C • N , O H T.a./ ~,:_cyTcTeyeT HaepHbIR Kacxan,. 'IT0 noaeonHeT 

nony'iHTb C0CTSBHbl8 $1.Qpa co 3H8'lHT8JlbH0 5onbweA 3HeprueA: B036y>K,n8HHR, '18M B peaKUHSIX. 

c ~erKHMH 'ISCTHUBMH. Oco6eHHOCTblO p8aKuHA c TSl>K8.1lblMH H0HSMH SIB.11H8TCSI TO, 'IT0 o5pa-

3YIOWH8CR B036f>K.z:l:8'HHble $1.D,pa HM8IOT 15<:>JibWOR: MOM8HT K0.1IH'leCTB8 ·.aeH>K9HHSI / H8CK0JibKO 

.tt8CSITK0B /, 3HB'lHTenbHO npeBblWSIOWHA M0M8HT K0.1lHQ8CTBa .CXBH)K8~HSI a:aep, I_I0JIY'IBIOWJ,i~ 

CSI B peaKUHSIX C nerKHMH 'ISCTHitBMH. 

~, ... -

HaJIH'IH8 6on1:,woro CDHHS y B035y>KD.8HHbIX Hn,ep MO>K8:T H8CK0.1lbK0 H3M8HHTb xapaK-

Tep npou&cca pacna.oa · Ba.ep. B '18.CTH0CTH, .D,.1l$1 . .aenSIWHXCSI .R,nep M0>KH0 0>KH.Q8Tb H8K0To-
r, · - · 21. 

poro H3M8H8HHSI B B8JIH'IHH8 r H3-38 H3M8H8HHR 6ap1:,epa .Q8JI8HHR • 50JibWOft yrnoeoft.· 

M0M8HT Ha.pa MO>KeT np~eecTH nK yrnoeoA aHHaoTponHH npo.o.yxToe pacnaaa
31• Pacl.feT.br no-

4/ 
X83bIBalOT, '{TO .O.JISI 0CK0JIK0B .aeneHHR MO>KH0 0>KH.O,STb npeHMYW8CTB8HH08 HcnyCKSHH8 

B HanpaB118HHH ny'IKB H0~oe. KaK nennqHHd H3M8H8HHSI 6apbepa LI81I8HHR, TSK H CT808Hb 

aHH30Tponm1 B. YI"JIOBOM pacnpe.o.eneHHH 0CK0JIK0:S Henocpea.CTB8HHO CBSl38Hbl C BpawaTen1:,

HOA aHeprnea Rapa, KOTOpBSI 
1 

B CB0lO 01.1epeah, onpeaensteTeSI M0M9HT0M HHepuHH. 

TaKHM o5pa30M, H3yqeffH8 38BHCHMOCTH n H CT8Il9HH yrnoeofl: SHH30Tpomrn 0CK0JIKOB rn 
OT 3H,epr1n1. epawemrn s:i:.npa B KaxoA-To Mepe noaeons:i:eT noaoATH K aonpocy ·u3y'leHHR M0Me~-

Toe HHepUHH y B03t5y>K.Q8HHbIX Sl.ll8p. 
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TeMoA HBCTOSU.UeA pa60Tbl SIBJIHJIOCb H3y11eHHe .a.eneHHH stnep npH, B38HMO.a.eACTBHH C 

HHt.iH TH>KeJibIX HOHOB. npoeeaean:e STHX OUblTOB ~Tana B03MO.>KHbJM nocne Toro, KBK Ha 

UHKJIOTpoae HHCTHTyTa aTOMHOA aaeprHH AH CCCP y.aaJIOCb nonytiHTb HHTeHCHBHbJe MOHO

anepreTH'l9CKH0 nyq:Ku HO HOB C 
12

, N 14 
u 0

16 
c an~rHeA, cooTBeTcTeyJOmeA, npHMepRO, 

6,5 Mae Ha O.QHH HyKJIOH~ 

EbmH npoeeneHbl om>lTbl no e:aMepeHnlO ce11eHHS1 .o.enenHH U , Bi ,·Au , Re H Yb 
npH B3dHMOJlefl'cTBHH c uoaaMH c 12

, N 14 
H 0

16
• KpoMe Toro, npouaso.aHJIHCb onbITbI no 

H3MepeHH10 yrnoaoA 8HH30TponHH OCKOJIKOB L18JI8HHH. npH o5ny11eHHH u 238 
HOHaMH C 

12 
H 

Au HoHaMH c 12
H 0

16
• B npouecce 9THX onbITOB npoHaeo.aHnoc& HaMepeHHe npo5eroe ocxon

xoe, 11TO Il03BOJISl8T npoH3B0CTH oueuxy KHHeTH'leC:xoA 9HepI'HH OCKOnKOB. 

OcHOBHble SKcnep'nMeHTbl no H3MepeHHJO ce11eHHA .aeneHHSI npOH3BOLI.HnHCb Ha BHewHeM 

nyqxe UHKJlOTpOHa. 

PerHCTpau BH OCKOlJKOB .aeneHHR npOH3BOLI.HlJ8Cb C llOMOWblO HOHH38UHOHHOA KaMepbI. 

.OnR Toro, 'IT06bI YM9~bWHTb (pOH cnr1attHblX COBD8.ll9HHA HMnynbCOB OT TSl>KelJbIX HOHOB, 

KBMepa 6blna c.aenaua U3 ,aeyx qacTeA. u HMllYJlbCbl OT T51>KenblX HOHOB BO BTopott ·nonOBHHe 

K8M-9pbl KOMneHcHpOB81JH HMnynbCbl B nepaoA nonOBHHe. 0CK01JKH .aenemrn HM910T 3H81IHT91JbHO 

MeHbWHtt,npo5er, lf8M TSl>K91Jbl8 UOHblf IIOSTOMY OHH ,npHBOJlHlJH K IIOSIBlJeHHIO HMIIY1IbC8 lJHUJb 

e nepeoR: nonoenHe KaMepbl. ,llns1 onpenenem-rst a5conlOTHoA eeizHlfHHbl ce'leHHR aeneneH Heo5-

xonnMo 3H8Th noTOK TH>Kenblx uouoe, na.aaIOumx Ha MHW8Hb.• PeracTpaunst qecna eouoe, 

npowe,r:tWHX ~epe~ MHW!:lHb, ocywecTB1JSl1J8Cb ·c IIOMOUlblO ClJOH 2n5 H q:tOTOYMHO>KHT81UI. 

H3M8H8HHe saeprm-r HOHOB npOH3B0.0H1JOCb nyTeM · IIOM9W9HHSI TOpM03SIWHX QJonbr nepen xa

MepoA. 

B HeKOTOpbIX OIIblTSX OTHOCHTeJJbHOe HaMeaeaHe ceqeHH51 .a.eneHHSI C SHeprK8A: HOHS. 

OIIpe.aeJJSllIOCb C IIOMOlllblO 8KTHB8UHOHHOft MeTO.O.HKH HS BHyTp8HH9M IIYlfKe UHK1JOTpoH8. 

PeayllbTSTbl ODbITOB npaee.a.eHbl Ha })He. 1, 2, 3. 

Hay'leHHe yr:noeoa 8HH30TponHH OCKOlJKOB npOH3B0.0.H1IOCb HS BHyTp8HH8M ny11Ke UHKno

'TpOHa. B&rna HCnonbaoeaHa aKTUBauHoHHaSI MeTo.o.exa. Co6upaHRe OCKOJJKOB npo11aeo.o.unOcb 

0 0 • 
Ha 8Jl10MHHH0Bbl8 ~OlibrH, paCIIOJJO>KBHH_bie no.a. yrnaMH 90 H 135 no OTHOW9HH10 K nyqKy 

HOHOB. nocne KOHUS o!5nyqeHHR f3i - 8KTHBHOCTb (ponbr H3M0PSl118Cb Ha TopueaoM 13- cqeT

'· lfUKe. . 

PeaynbT8Tbl OIIblTOB no uccne.o.oBaHHIO yrnoeofl: 8HH30TpOIIHH riCKOJlKOB .o.eneHHSI npH

ee.aeHbl B Ta6JJHit8 1, r.a.e y~a3aH0 OTHOW0HHe HHT9HCHBHOCTH HCJIYCKBHH51 0CKOJ1KOB .o.ene

HHSI no.a. yrnaMH 142° H 100° /s CHCT0Me ·ueHTpa ua:epuHH/. TaM >Ke .a.nR Cp8BH0HHSI yxa-. 

3~Ha TOua, B3HTaSI H~ OIIbITOB PeAHOJlb.C.Ca.
51, Hayqaewero yrnoeoe pacnpe.aeneuHe OCKOlJKOB 

npH o5ny'<eHHH fl U HOHaMH C 12 
c saeprueA · 111 Mae. . 

., 

l 
! 
' 
j 

I 

> c\ 

PeaKUHSI 

U 238 C 12 
• 92 + 8 

11 197 O 18 nu 79 + · 8 

A 179 C 12 
u 79 + 6 
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Ta6nuµa Ml 

3HepI'HSI HOHa e Mse 

78 

100 

84 

111 /Re~nolds / 

78 

85 

N /142° I 

N 1100v t 

1,10,:t0,06 

1,23,:t0,07 

1,08,:t0,07 

1,82 

1;34,:t0,07 

.1,00,:t 0,10 

npu npoee.aeHHH OIIbJTOB no H3Y'-l9HHIO yrnoeOro pacnpe.aen8HHR OCKOJJKOB f5&JJIH onpe

.aeneHbl rrpo5ere ocxonxoe e aJJIOMHHHeeoA qJonbre. C1.1eTaH, 1.1To neneHHe npoucxo.aHT Ha 

0CKOJ1KH paBHOA MSCCbl "· rrpHHHMBSI cneayIOwy10 38BHCHMOCTb npo6eral, OCK01JK8 OT ero CKO-

pocn1, 

R""V 

M O)KHO OU8HHTb KHH8THl.fecxyro SHeprHIO OCKOlJKOB. B Ta6nuue 2 npuee.o.eHbl Bhl'IHCJieHHbl0 

TBKHM o6pa30M CYMMBpHhle KHHeTH1J0CKH0 9Heprue OCKOIIKOB. 

Ta6nuua N?2 

PeaKUHSI U +c12 Au+c12 Au +0 18 

E 
KHH. 

B M9B 
140 110 110 

Ai'r·am-13 pe3yJJhTBTOB OJILJTOB 110 H3Y'-19HHIO .aerreHHR R:.a,ep npu B38HMO.oeR:CTBHH C HOHBMH 

12 14 16 C , N u O JI03BOJJst~T cnenaT&_cne.ay10wHe aaxn1011eam1 o xapaKTepe B3aHMo.aeA-

CTBH51 STHX HOHOB C RLlP8MH. TS1me11blX sneMeHTOB! 
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1 / OcaoBHbIM npoueccoM B3aHMO.[le1tcTBHH HOHOB C , N H O c Sl.rtpaMH TSDKenblX 

sneMeHTOB. srnnsteTcst nonHoe cnHHHHe s:1nep- c rrocne.aytoIUHM pa~naaoM cocTaaaoro stapa. 

nonHoe CIIHSIHH8 Sl,aep IlpOHCXO.O.HT npH HXr C51IH>K8HHH .00 paCCTOSIHIUI ,R::r_o/ll,1~,+,P,/'3/ 
-13 

IIpll ro ~ 1,5.10 CM • 

2/ np~ 06nr1eaae U H0H&MH N 14 
a 0

16 
Ra6n10nanocb .oeneeae U , n~EUl.llHMOMY, 

He CBSl38.HH08 C IIOIIHbIM C1IHSIHH8M aoep. npe 9HeprH.Hx HOHOB, Ha H8CKOJlbKO npou:eHTOB M8Hb

WHX Kyn.JHOBCKOI"O 6ap&epa u . C8ll8HH8 Ta.Kero .npouecca paBHO - 10-26 
cM

2 • Bo3MO>K

HOA: rrpH'IHHOA: TaKoro nen0HIUI g.o,ep srnm1eTcS1 nepexon H8AT.pona H3 st,npa N 14 HlIH 0
18 

B 

U 238 . -26 2 . 
SI,o.po • ~81IH'IHHY C8'18HHSI .o:eneHHB,paBHYIO - 10 CM t MO:>KHO T8.K)K8 paCCMS.TpH-

B8.Tb KS.K aepXHIOIO rpaHHilY C8"18HlUI: .aeneHHH U B peaynbTS.Te aneKTpOMarHHTHOro B38HMO-:

.aeiicTBHSI a:.aep. 

H 

3/ P~yn&TaTbl aaMepeHHSI ce'leHHSI .aeneHB9 Ru HR e npH eaaaMo.aeAcTsHH 

N 14noaeomIIOT c.aenaT& oneHKB een~l!HHbl fa .am1 uaoTonoe Rn 206
, Rh 207 

I~ ~ Pb • /cM.Ta5n.3/. 

HaoTon 

R 200 
11 86 

-
R 201 

11 86 

-
R 208 

n 86 

-
Pb 1: 

Ta6nH11a 

-
:1.~ 
A 

35,9 

35,7 

35,6 

34,6 

No 3 

rn r 
0,5 

0,7 

0,9 

0,5 

r" 
ff 

2,3 

9 

C BOHS.MB 

Rn208 

rn R 200 Pb 194 r. CpaB8HH~ 3H8'18HHA r H30TOIIOB f1 S8 H S2 C ,1l8HHblMH O -M' .O.lIH H30TOIIOB 

U , Th H Pu noxa3bJBJeT, 'ITO suanHe riapaMeTpa- :£.t He.aocTaTO'IHO h'n:sr onpe.o.eneHHR 

rn A 

~- rn R 200 R 208 Pb194 
CpaBH8HH8 M8>KltY C060ft 3H8.'t8HHft_ r.; H30TOIIOB 11 

8
6, n 8a H 82 roaopHT .~. 

0 TOM, 'ITO, IIC:BH.llHMOMY, epaweH:ee Sl,o.pa npHBOJlHT K YM8HhW8HHID Oap&epa ,o.eneHHSI. 

0TcyTCTBH8 TO'IHbIX, .ctaHHbJX O 9HeprHH CBSl3H nefl:Tpoea ItnR. STRX H30TOIIOB 38Tpy.a

HR8T npoee.aeane KOlIHIJeCTB8HHbIX 0U8H0.K H3M8H8HH.R 6apbepa ·.aeneHHR. 

{.I I 

·,, 

,..\· if 

\J 
/ 

/ 
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4/ AHanua peayn&TBTOB OIIbITOB no H3y'leHHID yrnoBoro pacnpe.aeneHBR OCKOn.KOB no-

3BOnsleT npOH3BecTH rpy6y,ro o_neHKY poTanHOHROA KOHCTaRTbI R,apa B MOMeHT .aeneHHR l"!lepe-

xo.aHoe R.opo• I, B 2 cocT.BMReT ecero nuw& aecxonbxo Kse; sTo yxaableaeT Ha To, 'ITO 

MOMeHT BHepunu •nepexo.auoro R.apa• 6nH30K K MOM8HTY HHepnHH TBep.aoro Tena. 

B aaxnroqeeHe Cl!BTalO CBOHM npusTHbIM .a~nroM no6naro.aapHTb '11IeHa-1toppecnoH.aeaTa 

A.H CCCP <l>nepoaa r .H. aa p)'K0B0.tlCTB0 HacTosrmeA pa5oToA u H&)'~HLIX c0Tp)'.t1HHK0B 

.Qpyuaa B.A. e: no6aHOBa FO.B., coeMecTHo· c KoTopbI.MH npouaeoaanHCb H3Mepeaaa H ot5pa-

6oTxa peaynhTB.Toe. 

Peaym.TB.Tbl HB.CTOSIW~R: pa60TbI ony6n~KOBSHbI B )K3Tct>
61, Tpy.aax r'aTT1IHHt5yprcxoA KOH

q>e~eH[lHH no s:aepHbIM p88.KilBHM--C Ts:>Ken.bIMH HOHSMH ,cuiA, MB.ft 1958111, H Jl01IO>K8HbI Ha 
. . . 7/ 

,,, Bcecol03HO:lt xomPepeeue:H no s.aepHbIM peaxa:HstM npH Manblx e: cpeaHHX aHeprH.RX /MocKea, 

HOS16pb 185~r.l, KOHclJepeenHH no c1Ju:a11Ke aeneHHSI sraep B-H~CTHTyre T80p8TB1i8CltOA Q)H3HKU: 

s KoneHrareae /,Qanu:n, KoneHrareH 1 q:>eapan& 1 1958· r./ a· Ha KoaQ)epenuHH no a.a.epHbIM pe

axumtM no . .o.e:ltcTBHeM MHOI"038.P5'!.0HblX H0HOB' /,Qy6Ha, M~pT"\ 1958r.181• 

n HT ·e p 8 T )'pa 

.I. Proceedings of the conference on rea?tions between complex nuolei 
(USA, Gatlinburg, May 1958), 

2. nuK-flaqaK r.A. )K:3T<l>, 34, 341 /1958/. 

3. T, Ericson, V, Strutinski, Nuclear Physics, v. 8 1 No J (1958). 

4. CTpyTHHCKHJi B.M. • ATOMH&II sueprulI' T.8, 508 /1857 /. 

5. H. Reynolds, qacTHOe coo5weHBe. 

6 •. .llp)'HH B.A., nonuKauoa C.M .• , ;z,nepos r.H. )K:3T<l>, 32, 1288 /1967 /. 

7. TpyJlbI Bceco10anoA xonq:lepeanHH no sr.aepHbIM peaxa:B&:M npH ManbIX B cpe,cumx 8Hepra
lIX /MocKaa, Ho116p& 1957 r.l. 

8. Tpyll,bI KOHq)ep8HUBH no Slll8pHblM peaxu.a.HM IIOJl .a.eAcTBB~M MHOroaapR,aHbJX ROHOB 
lr • .lly6Ha, M&pT 1958 r.l. 
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I . -'~~§d~JtP,\TtG~cf112g · 
neneiJ..sc 6'~ ~l12'mll!~~ __ N 14/2/, 016 /3/, 

Cnno:wm»e KpHBbI8 - 9KCnepHMeHTL\nbHbl8f IIYHKTHpHbI8 - paCCtf:HTa.HHbte IIO ~OpMyne 

G'=G"o(l-f) npH ?:0 • 1,40 f Ill, 't 0 •l,45f /2/, Zo •l,52f /3/, 

6 - .aa,HHbI8 KaMepbI Jl1U1 u 238 

0 - naHHble KaMepbl Jll[ff LJ 235 

· LJ 238 ,A - SKTHBSUHOHHbl8UfSHHbI8 .C,IISI /KpHBSS: /1 / COBM8lll8HS C Teop8TH'l8CK08 
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