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HccneA9ffnHcb SIAep!fbie ~eaK~HH THna ( f• 4n.J 11 -(· P, Sn) Ha 

MHWeHSIX 113 Tm i 
186

W ·. ' 89 Os ' 1900s H 1920s • npeACT8Bne

Hbl 38BHCHMOCTH Ce'leHHll: o6pa30B8HHSI 113BeCTHbiX a -paAHOSKTHBHbiX H3o-
·To~oa·· 195,19~0 t 212,213:.4~' 215 Th H 216 Pa· OT <IHeprHli 6oM6apJ:tH-

pyiOWHX 'laCTHU, 

: .. 
Coo6IUeHHe 06beAHHeHHoro HHCTHT~Ta · .H,llepHbiX HCCJJehosaHHii 

· ,lzy6aa,· 1972 

Sun Tsin Yan G. Ya. P15 - 6727 

Production Cross Sections of· Po-Pa 
Isotopes in Nuclear Reactions with 31 p and 28 Si 

Ions i· 

31 
The nuclear reactions of: the type ( 31 P , 4n ) anq 

( P 1 Sn ) on the targets of 169Tm, 186 W fl89 os , 190 os 
and 192 

Os ll.ave been sttidied. · . 
The dependences of the production cross sections 

a~ the known a -radioactive isotopes 195•1 96 Po · 212,213 Ac 
2 5

Th and 216 Pa on the bombarding particle en~rgy are 
presented. 

Communications of the Joint Institute for Nuclear Research . . 
Dubna, 1972 
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CHnbHO B036y~~ciHH~ 
moro yrnosoro MOMe 

11~ep. B 'laCTHOCTH, 

B 3Ha'IHTenbHOfi CTe 

MOMCHTa, BHOCHMOr< 

6y~eT CKa3hlBaTbC~· 

HcnapeHHH HefiTpOHOI 

BenH'IHHe rn/rf , XC: 

HcnapHTenhHhiX 11~ep1 

3a~a'leH HaCTO.! 

BaHHH HeKOTOpbiX H30 
. . . 

HhlX peaKQHHX, Bhl3hll 

06nacTb 11~ep c 84:::;; 
He~enHlliHMHCH H CID 

6apbepa ~eneHHH, c.1 

npOHBn.!ITbC.!I ~OCTaT< 

THna (HI,4n) H (Hl/Sz 
TynJJH.!I H BOnbiflpaMa. 

H30TOnOB 195•196Po , ; 
Pe3ynhTaTbi JK 

'leHHbiMH C UOMOllibK 

3KcnepnMeHTan: 

pa6oTe, 6onee no~poe 
npoao~nnacb Ha BhiBe; 

·.·. no3Bon.!lamero nony'la 
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I / flpH CflHHHHH ycKopeltHhlX TH)f(CflhiX HOHOB C .H.npaMH o6pa3yiOTCH 

cunhHO ao36ym.neHHhJe apamaiOmiiecH cocTaBBhiC H.npa. HanH4HC 6onh

woro yrnoaoro MOMenTa onpe.nenH·e't.PH.U. oco6emtocTeH pacna.na TaKHX 

n.nep. B 4aCTHOCTH, oTMe4anoch I 1 1 , 4TO 6aphep .neneHHH .nonmen 

B 3Ha4HTCflhHOH CTCTICHH TIOHU)f(aThCH C poCTOM BCflH4Hilhl jrnoaoro 

MOMCBTa, BHOCHMOrO. TH)f(CflhiM HOIIOM B H.D,pO. 3TO o6cTOHTCflhCTBO 

6y.neT cKa3hlBaThCH. na KOHKypeHUHH .nayx npoueccoa - .nenenuu n 

HCTiapeHHH HCHTpOHOB H3 COCTaBHOrO JI.D,pa, T .e. B KOHC.4HOM C4CTC Ha 

BCflH4HltC rn/rf , xapaKTCPHJYIOIUC~ CC4CHHC o6pa30BaHHH npo.D,yKTOB 

ncnapHTCflhHhiX H)J.CpHhiX peaKUHH. . 
3a.D,a4CH HaCTOHIUC~ pa6oThl HBH.iiOCh H3Y4CBHC CC4CHHH o6pa30" 

aaHHH neKOTOphiX H30Ti:moB B o6nacTH nonoBHH - npoTaKTHIIHH B H.nep· 

HhiX peaKUHHX, Bhl3hiBaeMbiX ycKOpCHHhiMH HOHaMH <iJoc<lJopa H KpeMHHH. 

06nacTp H.ziep c 84 :S Z -s_ 91 JaHHMaeT npoMemyTo4HOC nonom!mue MC)I{.U.Y 

He.nenHlUHMHCH H CHflhHO .D,CflHIUHMHCH H.D,paMH, H J<iJ<lJeKT TIOHH)I{CHHH 

6apbepa . .neneHHH, CBH3aHHhiH C yrnoBhiM MOMCi:ITOM, 3.D,CCh .D,Ofl)f(CII 

nponanHThCH .nocTaTo4HO. 4CTKO. Mccne.noaanuch n.nepHhiC peaKUllll 

THTia (HJ,4n) H (HI, .Sn) Ha MHlliCHHX H3 pa3.D,eneHHhiX H30TOTIOB OGMHH, 

TynnHH H aonh<iJpaM·a. J13MCpHnCH BhiXO.D, H3BCC)HhiX a -pa.D,HOaKTHBIIbi,X 

HJOTOTIOB 195,196p
0 

, 212,213 A~·, 215 Th H 216pa. .. 

PeJynhTa;rht JKcnt!puMeHTa conocTaan~IOTCH c .u.amihiMH; nony-

4CHHhiMH C TIOMOlUhiO cpaBHHTCflhHO nerKHX MHOroJapH.D,HhiX. HOHOB. 

MemoouKa 3KCnepuMeHma 

3I<cnepHMCHTaflbHaH TCXHHKa H MCTO.D,bl, npHMCIIHBlliHCCH B JTOH 

pa6oTe, 6onee no.u.po6Ho onucaHbi paHee 12
•
31 . KaK u npem.ne, pa6oTa. 

npOBO.D,HnaCb Ha BbiBC)J.~HHOM TIY4KC 310-caHTHMCTpOBOrO UHKflOTpQHa, 

.·, TI03BOflHBlliCrO nony4aTb .D,OCTaT04HO HHTCHCHBIIbiC TIY4KH HOHOB 

31 
p+S 
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c 3Heprneii oKono 200 M3n II 
28 Si +5 c 3Hepriieil: 215 M3n. ATOMhl 

OT,D,alJH, Bhi6HTbie H3 MIIIIIeHH, TOpM03HJIIICh B ra3e, KOTOphiH OTKalJn

.BaJICH H3 KaMephi-MIIIIIeHII qepe3 a3p030JlhHhiH cPUJihTp. ,[J;ep:>KaTeJih 

cPIIJihTpon c rroMOil.lhiO rruenMaTu'!ecKoro rrpimo.n.a conepiiian noJnpaTuo

rrocTyrraTeJihHoe .n.nu:>Keuue no Ja.n.aunoMy npeMeunoMy QUKJiy. ,[J;na 

cPHJihTpa-c6opunKa JanuManu, TaKUM o6pa3oM, rrooqepe.n.uo IT03UQUII 

"naKorrneune" II "113Mepeniie". IIonepxuocTno- 6aphepuhie Si (Au) 
.n.eTeKTOphi periiCTpnponann a-lfaCTUQhi OTpacrra.n.a rrpo.n.yKTOB H,D,epnhiX 

peaKQIIii, ynonnennhiX cPHJihTpaMn. Ocyll.leCTBJIHJICH aMITJIIITY.D.Ho- npe

MeHHOH aHaJIU3 UMITYJihCOB, ITPUXO~Hil.IIIX C ,D,eTeKTOpOB. 3TO IT03BOJIHJIO 

O,!l,H03HalJHO II,D,eiiTHcPHQIIpOBaTh IICCJie,D,yeMhie U30TOIThi ITO UX II3BeCTHhiM 
CBOHCTBaM a-pacrra.n.a. 

3ueprH.H YCKOpeHHhiX IIOHOB clJocclJopa II KpeMHIIH U3MeHHJiaCh 

c rroMOil.lhiO amoMmmenhiX rrornoTHTeneii. MniiieHII U3 paJ.n.eneHHhiX 
. 2 

H30TOITOB OCMIIH, TYJIJIJUI U BOJihcPpaMa, TOJlll.IHHOH OKOJIO J Mr/CM 

HaHOCUJIIICh MeTO,!l,OM Ce,D,IIMeHTaQUU Ha aJIIOMIIHHeBhie ITO,!l,JIO:>KKU TOJI
Il.IHHOH - 6 MKM. 

3K.cnepuMeHma/lb1lbJe pe3y/lbmambl u o6..cyJKoeHue 

B peaKQUU ITOJIIIOro CJIU.HHIIH, COrJiaCHO CTaTUCTUlfeCKOH MO,D,eJIH, 

JaBHCHMOCTh Bepo.HTHOCTII o6pa30BaHIIH U30TOITa C ,D,aHHhiM MaCCOBhiM 

lJHCJIOM OT 3HeprUII D036y:>K,D,eHIIH COCTaBII?ff .H,D,pa liMeeT.xapaKTepHhiH 

BU,!l,, 6illi3KIIH K pacrrpe,D,eJieHHIO raycca .. 3ap.H,!J,, Macca II 3HeprH.H 1 

no:i6y:>K,n:eniiH cocTanuoro H,D,pa xopoiiio orrpe.n.eneHhi, IT03TOMY 

ITOJIO:>Keuue MaKCHMyMa U IIIUpiiHa KpUBOH B036y:>K,D,eHIIH CBII,D,eTeJihCTBy

IOT 0 KOJIHlfeCTBe UCITapiiBIIIUXCH HeHTpOHOB, a, CJie,D,OBaTeJihHO, U 0 

MaCCOBOM 'IHCJie KOHe'IHOrO ITPO.D.YKTa. TaKa.H CIITyaQU.H IIMeeT MeCTO 

.D.JIH ue.n.eJI.Hil.IUXCH H,D,ep. B naiiieM cnyqae U3- Ja BhiCoKoro KynouoncKoro 

6aphepa peaKQHU II 60JihlliOH ,D,eJIUMOCTU COCTanuoro H,D,pa (['n /r f < 1) 
cPYHKQIIU B036y:>K,D,eHIIH MoryT 6hiTh JH.a'IUTeJihHO UCKa:>KeHhl. . 

B rrepBOM OIThiTe MUIIIeHh U3 TYJIJIIIH OQJiylfaJiaCh UOH<lMII clJocclJopa. 

Ha plic. 1 .n.anhi cPYHKQuu no36y:>K.n.enu.H 195 Po, 196Po Eaphep .n.enenu.H 

nux H,D,ep cpanniiTeJihHO BhiCoKuii /11,4- 10,4 M3nj157 u cy11.1ecTneu-

.uo rrpenocxo.n.uT 3ueprnro CBHJII ueil:Tpouon. Hcrrapeniie ueil:Tpouon 

rrpoucxo,D,IIT c 6oJihiiieil: nepo.HTHOCThiO, lJeM rrpoQecc .n.enennH, u ceqe

HHH o6pa30DaHHH KOHe'!HhiX ITPO.D.YKTOB ,!l,OCTIIraiOT 27 M6i1; 3 M6H 
COOTBeTCTBeHHO. 

4 

-· 

3uepre.Tu'!ec 
. Sn) 213,212 •Ac, ITOJ 

H.i(ep · Ac cpaBHUM 

KOHKypeHQUJI ,D,eJieH 

peaKQUH c ucrrapem 

Ha·piic. 3 ·E 
H,D,ep 215Th u · 216 

.n.eneuu.11 - 6,3 u 5,! 
. HIIeM H~HTpOHOB CT 

·Sn) 216 Pa COCTaBm 

TaKHM o~pa: 
C pOCTOM ,D,eJIHMOCl . . 4 
IIIaiOTCH B 10 paJ. 

· IIonylJeHHLie ] 

JaKOIIOMepHOCTU ~ 

OTHOIIIeHUH BepQ.HTH 

OT Z 2/A. 
AuaniiJ 3Kcrrc 

BepO.HTHOCTh ITpOQ 

H.D.pa-npo.n.yKTa H3 

Mo:>KeT 6hiTh orrpe.n.t 

axn =.a c (E)P' 

r.n.e _a xn - ceqeua 

COCTaBHOfO H,D,pa_; .1 
non, rrpouopMupona 

3HepreTIIlJeCKa.H III: 

r f - ,D,eJIUTeJihHa.H II 

,[J;JIJI OQeHKU I 

UCITOJih30BaJIUCh pa. 

r /r· n f paCClJUThiBa: 

Ha puc. 5 rrc 

ucrrapenu.H neil:Tpoua 

Z 7' A. Ha 3TOM puc: 

peJyJihTaThi pa6oT , 

Bee BeJIU'IUHhl rn /1 
IT 03BOJIHeT UCKJIIOlJH1 

H3 pucyuKa nu.n.uo, 



di 215 .M:m. ATOMhi 
e, KOTOphiH OTKa'IH" 
~HnhTP· ,[(epmaTenh 
:mepman ao3apaTno
:nnoMy unKny. ,[(aa 
ooqepeAHO no3HUHH 
iaphepHhie Si (Au) 
l npOAYKTOB HAepHhiX 
:H .aMnnHTYAHO"BPe
>pOB. 3TO no3BOnHnO 
Onhi no HX H3BeCTHhlM 

peMHHH H3MeHHnaCh 
~HH H3 pa3AeneHHhlX 
H. OKOnO 1 Mr/cM

2 

:eahie noAnomKH Ton-

u o6J;yJKoeuue 

.THCTH4eCKOH MOAenH, 

.. c AaHHhiM .MaccoahiM 
~a n,:MeeT.xapaKTepHhiH 
'HA, Macca n :meprHH' 
peAeneHhi, noJTOMY 
[J,eHHH CBHAeTenhCTBY" 
, cneAOBaTenhHO, H 0 
:,nTyaUHH HMeeT MeCTO 
blCOKOrO KynoHOBCKOrO 
1~ro HAPa ffn/r 1 < 1) · 
HCKameHhl. 

anaCh HOHaMH 4Joc4Jopa. 
196Po liaphep AeneHHH 

Ja/!s7 · n cymecTaen
Hcnapenne neiiTponoa 
iuecc AenennH, n ceqe
raroT 27 M6ii; 3 M6H 

I 
I 
I 
\ 

·I 
1'-

. 3nepn!TnqecKaH 3aBHCHMOCTh ceqeHHH peaKUHH 
186 

W ( 
31 

P; 4n, 
Sn) 213 •21 2 ·Ac, noKa3ana na puc. 2, liaphep AenennH /7,8- 6,9 MJa/ 

HAep · Ac cpaaHHM c JueprHHMH cBH3H neiiTponoa, n a JTHX HApax 
KOHKypeHUHH AeneHH.!I npHBOAHT K cyUJ;eCTBeHHOMY yMeHhllleHHIO ceqeHHH 

peaKUHH c ncnapenneM neiiTponoa. 
Ha ·puc. 3 H. 4 noKa3aHhi 3aancnMOCTH ceqennii o6pa3oaaHHJI 

HAeP 215 Th n ·• 216Pa , o6naAaroru;nx eru;e 6onee HH3KHMH 6aphepaMH 
AeneHHH - 6, 3 H 5' 5 M'JB coon3eTCTBeHHO; CeqeHHH ~eaKUHH c ncnape-

· nneM n~iiTponoa cTanoaHTCH aechMa ManhlMH n AnH peaKUHH 190 Os (P; 

·Sn) 216 Pa cocTaanHIOT -3,5.1o-3
0 cM2. 

TaKHM o6pa3oM, a nccneAyeMoM naMH Anana3one peaKunii 
c pocToM AenHMOCTH ceqenHH peaKunii. c ncnapenueM neiiTponoa yMenh-· 

maiOTCH B 10 4 pa3. . 
ITonyqennhie pe3ynhTaThi AaiOT ao3MomnocTh BhiHBHTh neKoTophie 

3aKOJIOMepHOCTH pacnaAa COCTaBHhlX .H'Aep, uanpHMep, 3aBHCHMOCTh 
OTHOllleHHH aepO,HTHOCTH HCnapeHHH HeHTpOHOB K BepO.HTHOCTH AeneHIIH 

OT Z 2 /A, . 
Anann3 JKcnepuMenTanhnoro MaTepuana ocnoaan na TOM, 4TO 

aepo.HTHOCTh npouecca, npHBOAHru;ero .K o6pa3oaannro neKoToporo 
HApa-npoA~KTa H3 cocTaanoro HAPa nyTeM ncnapennH X -neiiTponoa, 
MO)KeT 6hiTh onpeAenena· H3 cneAYIOUJ;ero COOTHOllleHHH : /

4
•
6

•
7

•
8

/ · 

a xn 

I'n x 
=c a c (E) P xn (E) ( ) 

rn +rt 

rAe a xn ceqenue peaKUHH (HI,xn) ; a c- ceqenne o6pa3oaaiiHH 
cocTaBHO~O HApa_; Pxn (E) - aepoHTHOCTh _ncnapeHJl,.!l. T04HO x-neiiTpo
HOB, nponopMHpoaannaH cneAYIOUI;HM o6pa30M x~Pxn (E)=1· j T'n " 
3HepreTH4eCKa.H lllHpHHa, COOTBeTCTBYIOUJ;aH ncnapeHHIO neiiTpOHa; 

rf- AennTenhHa.H lllHpHna. . ... . 
,[(nH ouenKH aennqHHhi ceqennii o6pa3oaanHH co9Taanoro H.v;pa . 

ncnonh3oaannch pacqeTHhie AaHHhie B. B .lia6nKoaa 1
9
1. CooTnome~me · 

r /r 

,t., rn rn 
n f paCC4HThiBanoCh no 'l'OpMyne: rn/rf =( · )/ (1- ), rn+rt . r n+rt 

Ha puc. 5 noKa3ana 3aancHMOCTh oTHomenHH aepoHTHOCTH 
ncnapennH neiiTpona K aepo.HTHOCTH AenennH oT napaMeTpa AennMOCTH 
Z 1 A. Ha · noM i:mcynKe KpoMe namnx ;iaHHhiX. npeAcTaaninhi Tai<me 
pe3ynhTaThl pa6oT A.rnopco, r.Cn6opra,H B.B .B'onKoaa1

10
•
11

·1
2

/ . 
Bee aenH4HHhl rn /rt paccqnTaHhl AnH peaKUHH THna (HI,Sn) , 'l'fO 
n03BOnHeT HCKni04HTh 3aBHCHMOCTh f'n/rt . OT _JHeprHH B036ymAeHHH. 
H3 pncynKa BHAHO, q'fo nnnnn, coeAHHHIOUJ;He 3Ha4eHHH I'n!rt MH 

5 



pa3HhiX 1130Tonon, no o6pa3onannhiX B peaK~HHX c 1ionaM11 o.nnoii 11 Toii 
.. JKC MaCChi, HMeiOT BH.IJ: llpHMhiX naKnonnhiX nHniiH. )J;nH 3a,nannoro. 
z 

2
J A 3Hat{CHIIH I'll I rf YMeHhlllaiOTCH c Y!JenuqenueM MaCChi 6oM6ap

,nupywmeii "'aCTH~hl, "'TO llO.IJ:TBepJK,naeT TeopeTH"'.CCKHe npe,ncKa3anHH 
0 cymeCTBeHHOM DnHHnHH yrnonoro MOMenTa na BenH"!Hny r t1 /f'f .. 
qeM TRJKenee 6oM6ap,nupywmaH "'acTu~a. TeM 6onhll1Hii )Tnonoii MoMenT 
DHO.CIITCH B CHCTCMY II TeM 1\1eHhllle BenU"!HHa f'n/T'f , a, cne,noBaTenh
HO, II CC"'CHHe o6pa30BaniiH H,npa C ,nannhiM napaMeTpOM ,n'enHMOCTH 
Z 2 /A 

B 3aKniO"'CHHe aBTOp BhipaJKaeT CBOIO HCKpeHHIOIO 6naro,napHOCTh 
aKa,nCMIIKY r.H.<J>nepony 3a llOCTOHnHyiO no,n,nepJKKy II HnTepec Kpa6o
TC. An Top 6naro.napiiT B. A . .D;pyuua 3a pyKono.ncTno n none3nhie 
3aMe'JaHII11, a TaKJKe B.ll. Kpalllon~<una 3a noMomh n npone.nenu11 onhiTon. 
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C C IionaMH O,JJ;HOH H TOll 
nnnnH:. ,IJ;nH 3a,nauuoro 
qeuneM Maccw6oM6ap
rntieCKHe npe,n:cKa3aHHH 
na aenR4HHY r n I[' f • 

OflhUlHH yrnoBOH MOMCHT 
tn(I't , a, cne~oBaTCflh" 
xapaMCT]JOM ,nenHMOCTH 

:peHHIOIO 6naro,napHOCTh 
p)KKY n miTepec K pa6o
Koao,ncTBO n .none 3Hhie 
Uh B npOBC)J;CHHH OllhiTOB. 
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. '' 

'.H.TapaHmuH; k.B .. cPuAun-

oameJibCI<UU omoeA 
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I 

~xn------~----~---T----~~ 
(CH1) 

f0-l6 
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