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SUMMARY 

Cross sections of some interaction reactions of 
accelerated Xe ions with nuclei were measured. Cross 
sections of the exchange reactions were noticed to be 
growing in transitions from light bombarding particles 
( 

22 Ne, 40 Ar ) to 136 Xe ·· ions. The products of the compo
und nucleus reactions were identified in bombarding the 
targets of Mg . and Zn ; the cross sections of the 
reactions were determined to be: 24 Mg ( 136 Xe, 5n ) 155 Dy 
- 340 :mb; 70 Zn ( 136Xe;4,5 n) 202 • 201 Po - 31 and 52 mb, res
pectively. 

The search was performed for the spontaneously fis
sioning emitters in the interaction ~roducts of U and Xe 
nuclei. The boundary of a s; 10-31 cm was obtained for 
the production cross section of long-lived spontaneously 
fissioning emitters with the half-life of about 100 days. 
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HccnenoB8HHe si:nepHbIX peaKUHii C y11aCTHeM O'leHb TSI>KenbIX ycKopeHH 

HOHOB SIBnsi:eTCSI 5nn>Kaiirneii rrepcrreKTHBOH p83BHTHSI ¢H3HKH B38HMoneiicTBHl 

cno>KHblX si:nep, a T8K>Ke a¢cj!eKTHBHblX MeTonoB rrony'leHHSI HOBblX aneMeHTOI 

H H30TOITOB. Ecnn nBa rona Haaan caMoii TSl.>!Wnoii ycKopelmoii 'l8CTHUeii 

SIBnsi:nHCb HOHbl aproHa ( Z = 18), TO B HaCTOSI!Ilee BpeMSI B Ily5He rrpoBene-
. /1/ 

Hbl OilbJTbl C HOH8MH UHHK8 ( z =30) • B Opca (cfipaHUHSI) BenyTCSI 3KCITE 

/2/ 
pHMeHTbl Ha rry11Ke KpHilTOHa ( z =36) --,-'B EepKnH ( ClIJA) HaxonHTCSI B 

HananKe nnHeJ'iHbiii ycKopnTenb TSI>KenbIX HOHOB Super HILAC , B IlapMrnTaJ 

Te ( cfiPr) CTpOHTCSI HOBblH nHHeiiHb!H ycKopHTenb, rrpenHa3H8'leHHblH nnsi: no 

ny11eHHSI rry'lKOB ycKopeHHblX HOHOB BCex aneMeHTOB Ta5nHUbl MeHneneeBa. 

B rrocnenHee BpeMsi: B Ily5He Ha TaHneM-UHKnOTpOHe ynanocb YCKOpHTb HOH 

KCeHOH8 ( z =54) no 3HepI'HH 7 MaBIHyKnoH. TTpoeKT coenHHeHHSI nBYX-UH} 

.TpOHOB fla5opaTopHH. si:nepHblX peaKU~ii Y-300 n Y-200 B ennHyIO CHCTeMy;: 

6h1n ocymecTBneH B 1971 rony, H B ceHTsi:5pe 1971 rona rrony11eHb1 rry11Kn I 

nH'lHb!X H30TOITOB KCeHoHa C 3Heprneii no 7 M 3B/ HyKnOH H HHTeHCHBHOCTbJO 

9 /4/ /5/ 
no 3.10 11acTnu/ceK • B pa5oTe coq5manocb o Ha5nIOneHHH rr~pBoii 

' 132 
si:nepHOH peaKUHH C ycKopeHHb!MH HOHaMH Xe 

Eonbrnoii HHTepec K H3y'leHHIO si:nepHbIX peaKunii, Bbl3b1B8eMblX O'leHb 

TSI>KenbIMH HOH8MH C z ·> 30, o5'hSICHSieTCSI, B rrepByIO O'lepenb, o5cy>Knae-
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HccneaoBaHHe SIJl8pHbJX peaKUHH C yqacTH8M oqeHb TSDK8nhIX ycKopeHHbIX 

H0H0B HBnsieTCH 6nnmafimefi nepcneKTHBOH pa3BHTHH ~H3HKH B38HM0/l8HCTBHH 

cnomHb!X siaep, _a TaKme a~<fieKTHBHbJX MeT0Jl0B nonyqeHHH H0BbIX aneMeHT0B 

H H30T0il0B. Ecnn JlBa roaa Ha3all caMDH TH.>Kenofi YCK0pennofi qacTHUefi 

srnnsinHcb HDHhI aprona ( Z = 18), TD B nacTosimee BpeMH ·s ily6ne nposeae-
. /1/ 

lib! 0ilbJTbl C HoHaMH UHHKa ( z =30) • B Opes (<Ppanunsi) BeayTCH 9Kcne-

/2/ 
pHM8HTbl Ha nyqKe KpHilTDHa ( z =36) • B EepKnH ( CllrA) HaX0/lHTCH B 

HanaaKe nnnettHhifi ycKopnTenb TsimenhIX HDHDB Super HILAC , B ilapMmTaa

Te ( <t>Pr) CTp0HTCH H0Bb!H nHH8HHblH ycKopnTenb, npeanaaHaqeHHblH ansi no

nyqeHHH nyqK0B ycKopeHHbJX H0H0B scex aneMeHT0B Ta6nHUbl Menaeneesa. 

B nocneaHee Bp8MH B ily6He Ha TaH/l8M-UHKnDTpone yaanocb YCK0pHTb H0Hbl 

KC8H0Ha ( z =54) JlD_9HeprHH 7 Mas/HyKnon. ITpoeKT C08JlHH8HHH llBYX UHKno-
. /3/ 

Tp0H0B 1Ia6opaTopnn H/l8pHblX peaKUHH Y-300 H Y-200 B 8/lHHYJO CHCT~My 

6hm ocyruecTsneH B 1971 roay, u B ceHTsi6pe l 971 roaa nonyqeHbI nyqKu paa

nuqHbIX H3DT0il0B KC8H0Ha C 9Heprneii JlD 7 Mas/nyKnoH H HHT8HClfBH0CTbJO 

9 /4/ /5/ 
ao 3.10 qacTnu/ceK • B pa6oTe coq6ruanocb o Ha6nroaeHnn nepsofi 

-. 132 
Hll8PHDI'i peaKUHH C ycKopeHHbIMH H0HaMH Xe 

EonhlliOH HHTepec K HayqeHHJO HJl8pHbIX peaKuHfi, Bhl3b!Ba8MbIX oqenb 

TsimenbIMH H0HaMH C z ·> 30, o6'hSICHSI8TCH, B nepByJO oqepeJlb, o6cymaae-
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MOH B nnTepaType B03M0)KH0CTblO CHHTeaa CBepxTmKenblX aneMeHT0B B 9THX 

/6/ 
peaKUHSIX. B '18CTH0CTH, B 1964 rony B pa6oTe BIIepBb!e 6bma Bb!CKa3a-

H8 nnesi 06 HCII0nb30BaHIIH peaKUHH neneHHSI I'HI'aHTCKHX C0CTaBHblX sinep, 

06paay10IIIHXCSI rrpH Baa11Moneil:CTBIIH nByx TSl)K8nblX sinep, B Ka'leCTBe crroco6a 

CHHT838 H0Bb!X TpaHcypaH0Bb!X aneM8HT0B. 

llaHHblH MeTon II03B0nSieT paCC'IIITblB8Tb Ha rronyqeune TSI)KenblX sinep, 

o6orameHHblX H8HTP0H8MH, H SIBnSieTCSI, no HaweMy MH8HHIO, Han6onee aqi

q>eKTHBHbIM crroco6oM CHHTeaa H30T0II0B, 6nH3KHX K Mar1I'l8CKIIM SinpaM 

294110 H 298114 • PeaKUHII C IIOHaMH KC8HOHa TaK)K8 MoryT SIBIITbCSI IICT0'I

HIIK0M rrony'leHHSI H30T0II0B II3B8CTHblX aneMeHTOB, naneKIIX OT nlIHllll f3 -CTa-

61InbHOCTH, KaK B CTopouy Heil:Tp0HH0I'O neq>IIUHTa, TaK II• oco6euuo,· Heil:Tpou

HOI'0 o6orarueHHSlo KpoMe Toro, IlplI II3Y'l8HHll peaKUIIH B38l!Moneil:CTBHSI TSI

)K8nbIX sinep MO:lKHO uanesiTbCSI irn o6Hapy)K8HHe H0BblX llHTepeCHblX ipll3ll'le

CKHX SIBneHHil:, T8KHX, H8Ilpl!Mep, KaK rrpencK838HH8SI TeopeTII'l8CKll nnHaMII

'18CK8SI neq>opMaUHSI sinep KynoH0BCKHM rroneM; KynoH0BCK0e neneHne; aq>q>eKT 

KpHTH'l8CK0I'O yrnoB0I'O M0M8HT8 B ponn orrpenen,SI!Olll8I'O ·qJaKT,opa MexaHH3Ma 

sinepHoil: peaKunn; aq>q>eKTb1, cBsiaaHHbie c yBenn<IeH1IeM rropora peaKUIIII cn1I

SIHHSI C p0CTOM M8CCbl C0CT8BH0I'O sinpa BIIn0Tb no 3H8'18HHH, rrpeBb!Wa10111nx 

KynoHOBCKHH 6apbep, n MH0I'0e npyroe. Bee rrepe'11ICn8HHbl8 aq>q>eKTbl non)l{Hbl 

OK83b!BaTb cymecTB8HH08. BnHSIHIIe Ha BenlI'IIIHbl ceqeHIIil: peaKUHH pa3nlI'IHOI'O 

: THIIa IlpH B381IMoneil:cTBHH TH)K8nbIX .11nep. B '18CTH0CTII, 0TH0W8HII8 rronH0I'0 

C8'18HIISI peaKUHH rrepena'IH HyKn0H0B H C8'18HHSI peaKUHII 'cocTaBHOI'O sinpa 

orrpenensieTCH B 3H8'1H,TenhHOil: CTerreHII BenlI'IHHOII Kp1ITH'18CKOI'O yrn0BOI'O 

M0MeHTa. 

B naHHOH pa6oTe II3MepeHbl C8'18HIISI H8K0T0pblX .11nepHbIX peaKUHH paa

nll'IHOI'0 THIIa, Bbl3b!B88Mb!X ycKopeHHb!MII H0HaMH KCeHoHa, C uenh!O rronyqe

HIISI Ha rrepB0M 9Tarre K8'18CTB8HH0H IIHq>OpM8UHII O M8X8HII3M8 B38l!Moneil:CTBIISI 

TSI)Kenb!X sinep, a Tal{)K8 cnenaHa IIOilb!TKa Ha6n10neH1ISI CII0HT8HH0-nenSIIIIIIXCSI 

nanyqaTeneil: B rrponyKTax BaanMoneil:CTBIISI sinep ypaHa II KCeH0Ha. 

4 

PeaKUIISI o6pa30B8HIISI C0CTaBHoro sippa 

TTpn cmrnmm sinpa KC8HOHa C 9Heprneil:, paBHOH KynoH0BCK0MY 6apbepy, 

11 smpa Mnweuu auepr1rn Boa6y)KneHHSI cocTaBHoro sinpa cymecTBeHH0 aaB11-

c11T OT z Mlllli8HII II CO0TB8TCTB8HH0 OT z C0CT9BHoro sinpa ( z C). 3HepI'HH 

B036y)l(!l8HIISI pe3KO yMeHbWaeTcH II IIp1I6n1I)KaeTCSI K Hyn10 n n.11 COCTaBHblX 

sinep C z > 100. Cornacuo HaWHM OU8HKaM, aq>qieKTbl Kp1ITII'18CKOI'O yr-
c 

noBoro :-.10r-1eHTa CTaHOBSITCSI TaK)K8 0'18Hb CIInhHblMII B 9TOH o6nacTII Z , 
C 

TToaTOMY nnH Bb!SICH8HIISI oco6eHHOCTeil: peaKUIIII COCTaBHOro sinpa C IIOHaMH 

KC8HOHa B ycnoBIISIX 6nlI30CTII rropora Cnl!SIHIISI K KynoHOBCK0MY 6apbepy 

II cy111eCTB8HHOro ne1'l:CTBllH ueHTpo6e)KHblX a¢<peKTOB Heo6xonlIMO nay'qaTb 

. o6pa3oBanne COCT,3BHblX Sinep C z ·> 100. OnuaKo CTOnb TH)K8nble sinpa 
C 

06nana10T Bb!COKOH nenlIMOCThlO, 'ITO CHII)KaeT ceqeHIISI o6pa30BaHHSI H30TO-

ITOB-rrponyKTOB peaKUHH THIIa (Xe, xn) • KpoMe Toro, H30T0ilbl Tpaucq>epMHeBblX 

--~--. 
aneMeHTOB IIM8IOT KOpOTKHe BpeMeHa )KH3HII, II09TOMY Tpe6yeTCSI 9KCIIpeccHaH 

Bb!C0KO'IYBCTBHTenhHaSI MeTonHKa, K0T0py!O B8ChMa 3aTpynHIITenbH0 HCIIOnb30-

BaTb IIplI pa6oTe Ha BHyTpeHHeM IIy'IKe, HM8Blll8MCSI B uaweM pacrropSI)K8HHII. 

B CBSI31I C II3nO)K8HHblM 6b!nlI II3y'l8Hbl peaKUIIII o6pa30BaHUSI 6onee nerKIIX 

cocTaBHhlX sinep: 24 Mg ( 136Xe, .3,5 n) 157Dy; 15 -'Dy II 70Zn( 136 Xe;4,5n) 202 .2°1Po, 

B 9KCIIepHM8HTax IICII0nh30Banacb MeTO/llIKa 06ny'leH1ISI ToncToii MIIW8HII, 

Ha BHyTpeuHeM rry'IKe UHKnoTpoua c nanbueiiweu per1IcTpauneil: rronHou y 

aKTIIBHOCTII, HaKorrneHHOH B MIIWeHII, TTplI IIHT8HCIIBHOCTII rry'!Ka Tg)KenbIX 

IIOHOB 10
9 

1/ CeK MeTonnKa Ge( Li) - neTeKTOpa IIMeeT rropor 'IYBCTBUTenb-

-28 2 
HOCTH Ha ypOBHe 10 CM nnsi TOnCTOH MIIW8HII. ITocKonbKy CTaBHnacb 

aanaqa rrony'IIITb B Ka)KnOM OIIb1Te IIH!pOpMaUIIIO O B03MO)KH0 6onhweM qncne 

pa3IIII'IHblX peaKUIIH, IIMei~mux WIIpOKIIH crreKTp C8'18HIIH, TO IICIIOnb30BaHIIe 

ToncToil: MIIW8HII 6bmo Heo6xonnMo. OnHaKO IIplIMeHeHlle TOIICTOH MIIW8HH 

6eaycnoBHO, 3aTpy/lHSIIIO rrpouenypy II3BII8l.[8HHSI B8IIll'IIIHb! C8'18HIISI peaKUHH, 

5 



Heo5xonnMo 6b1no nenaTb npennono)KeHHH o Bnne ¢yHKUHfi Bo35y~eHHH 

peaKuHii. 

PeaKUHH B3aHMoneiicTBHH HOHOB KCeHoHa C HnpaMH nerqe aproHa, B 

TOM qncne H C MarHHeM, He HBnmoTCH KaqecTBeHHO HOBb!MH B ¢H3HqeCKOM 

OTHOIIIeHHH, TaK KaK OHH nonHOCTblO nono5Hbl HHBepCHblM peaKUHHM B3aHMO

neiiCTBHH ycKopeHHh!X nerKHX Hnep C MHIII9Hbl0_-KC9HOHOM HnH npyrHM sne

MeHTOM cepenHHhI nepnonnqecKoii cHcTeMhI MeHneneeBa. TaKHe peaKUHH 

B9CbMa xopOIIIO H3yqeHhl1 H STO no3Bonnno HaM Hcnonb30BaTb peaKUHIO 

24 Mg ( 136 
Xe; 3, 5 n ) nnH onpeneneHHH aHeprHH nyqKa KCeHoHa. Ha pnc.1 

/7/ 
noKa3aHhI, paccqHTaHHbI9 HaMH no n)KeKCOHy ¢yHKUHH B035y)KneHHH yKa-

3aHHhIX peaKUHii C Hcnonb30.BaHH0M ceqeHHH o5pa30BaHHH cocTaBHOro Hnpa, 

Bb1qncneHHoro no KnaccnqecKoii ¢opMyne npn 3HaqeHHH napaMeTpa r 0 

1,45 ¢epMH H C yqeTOM BnHHHHH KpHTHqecKoro yrnoBoro MOM0HTa, KOTOpbiii, 

cornaCHO HalIIeii oueHKe nnH s_Toii peaKUHH ,paBell .451i • 11HTerpnpyH ¢YHKUHH 

B035y)KA0HHH OT E ma'1lo 5apbepa, MO)KHO 5bmO paccqnTaTh BbIXO_nhI H OTHOIIIe

lIHH Bb!XOnOB nnH pa3nHqHhIX H30TOnOB B 3aBHCHMOCTH OT E max ~ l13MepeHH0 

cneKTpoB y -aKTHBlIOCTH TOnCTOii MHIII9HH H3 MarHHH nocne o5nyqeHHH Ha 

BHyTpeHHeM nyqKe UHKnOTpoHa no3BOnHno onpenenHTh C Bb!COKOii ToqHOCTblO 

OTHOIIIeHHe Bb!XOnOB H30TOnOB 157 Dy H 155Dy B 3aBHCHMOCTH OT pannyca 

UHKnoTpoHa, Ha KOTOpoM noMemanach MHIII_0Hh. CpaBH_HBaH SKcnepHMeHTanb-

157D 155 .. 
HYIO BennqHHy OTHOIII0HHH _Bb!XOnoB · _ Y H Dye pacqeTHb!MH 3HaqeHHHMH, 

136x +21 
MO)KHO 5bmO onpenenHTh SHeprHIO rryqKa HOHOB e - I KOTOpaH lla 

pannyce UHKnoTpoHa 85 CM OKa3anach paBHOii ( 670:!:.,30) M SB •. 3KcnepHMeH

TanhHO onpenenellllbl0 a5conJOTllb10 BbIXOnhI H30TOnOB 
157 

Dy H 
155 

Dy no-

3BOnHnH HaiiTH MaKCHManhHbJe ceqeHHH o5pa30BaHHH H30TonoB, KOTOpbie npH

BeneHbl B Ta5nnue 1. ·nmr 157
Dy cymecTBelIHYJO ponh nrpa!OT peaKunn ncna

peHHH 4 H 5 HeiiTpOHOB Ha. H30Tonax 
25 Mg H 

26 Mg • HM9Bll!HXCH B MHIII0HH 

ecTeCTB0HHOro H30TOnHoro·· cocTaBa. 800 o5CTOHT0nhCTBO yqHThIBanocb ·B 

pacqeTax. BennqHHbl ceqeHHH xopOIIIO cornacyJOTCH c a6conJOTHbIMH pacqeTHb!MH 

3HaqeHHHMH. 

6 

AHanOI'H'IHbIM o5pa30M 5hmH rrpoBeneHbl SKCnepHM0HTb! nnH peaKUHii 

68
•

70 
Zn(

136 
Xe; .4,Sn J 202

•
201

• 
199 Po • ToncTaH MHIII0Hb H3 UHHKa, 060-

rameHHoro H30TonoM 70
Zn , o5nyqanacb B TeqeHne 5 qacoB Ha pannyce 

85 CM UHKnoTpOHa Y-200 nyqKOM HOHOB 136 Xe+27 • l130TOnHb!H COCTaB 

MHIIIeHH 5bm cnenyJOmnii: 1ozn - 44,9%; 68Zn - 20,6%; 67 Zn - 3,9%; 

66 Zn- 15,8%; 64 
Zn - 14, 7. B cneKTpe y -aKTHBHOCTH o5nyqeHHOii MHIIIe-

HH no sHeprHH H nepnony nonypacnana 5bmH nneHTH<vmmpoBaH1,1 y -nHHHH: 

2028 - 201Pb 
422 H 961 KSB nnH · .l ; 330, 907 KSB nng· ; 367, 353, 722 KSB 

199pb 202,201,199p 
nnH • XapaKT0pHCTHKH pacnana H30TOnOB O H HX AO'lep-

/8,9/ 2028 -
HHX npDAYKTOB 5bmH B3HTbi H3 pa5oT • 113DTOn . . l 5bm HaKonneH 

B MHIII0HH B pe3ynhTaTe pacnana 
202

Po I o5pa3DBaHHDro B peaKUHH 

70
Zn ( 

136
Xe, .4n) • BKnanoM peaKUHH (

136
Xe,p3n) MD)KHD 6hmo npeHe5pe'lh, 

TaK KaK nnH TH)KenbIX COCTaBHhIX Hnep BepoHTHOCTb HcnapeHHH npoTOHDB H 

a -qacTHU Mlloro MeHblII01 '!eM HeiiTpDHDB ( I;,•>> rp , ra ) • PeaKUHH Ha 

5onee nerKHX H30Tonax UHHKa He MornH npHB0CTH K o5pa30B8HHIO 202Po 

2028 - 201 201 
H . . l • 1130Ton Pb HBnHnCH BHy'laTbIM nponyKTOM pacrrana Po 

nony'leHHOro B peaKUHH 70 Zn ( 136
Xe, Sn ) , BKnan peaKUHH HcnapeHHH Tpex 

HeiiTpOHOB Ha H30Tone 
68 

Zn BepOHTHO, 5bm oqeHb Man, TaK KaK, cornaCHD 

pacqeTy, ¢yHKUHH B035y)K~0HHH STOH peaKuHH pacnonO)K0Ha B o5nacTH SHep

rHii HH)Ke KynoHOBCKoro 5apbepa. B TO )1{9 Bp0MH 19 9l'b rnaBHbIM o5pa30M 

68z o5pa30BbIBancH lIM0HHO B peaKuHH C yqacTneM n I npHBonnmueii K 

199 199p 199B. 19 9?-.b 
Po , K0Toph1ii pacnanaeTCH no ueno•1Ke: o ➔ · .1 ➔ r • PeaKUHH 

70 
Zn (

136
Xe, 7n ) HMeeT HH3KYIO BepOHTHOCTh npH sHeprHH HOHDB 670 MsB. 

KpoMe Toro, AaHH8H peaKUHH 3aMeTHO nonaBneHa KDHKypeHuneii co CTOpDHbl 

202B• 201pb 199pb neneHHH. TnKIIM o5pa3DM, Bb!XOn H3DTOnOB . . l • • C y'le-

TOM CODTBCTCTBYIOIIIHX ¢aKTOpOB MO)KHO 5bmO nerKo npeo5pa30BaTb B Bb!XOn 

u 68,10 z (136x 45 J 199-202P 
peaKUHH n e;. , n o. 
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11a 8KCnepHM9HTanhHoro BbIXOll8 peaKUHii Ha ToncToii MHIJJeHJi, npellITO

naraSI BHll cpyHKUHii B036 Y)l{/l9HHSI, Mb! nony•mnn ceqeHJrn peaKUHii B MaKCH

MyMe cpyHKUHii BOa6y)l{/l9HHSI. CtJHTanoch, lJTO cpyHKUHH Boa6y)l{/l9HHSI peaKUHii 

HMeIOT cpopMy, 6nH3KYIO K cpyHKUHH raycca C ll!HpHHOii Ha nonoBHHe BbICOTbl 

15 M 8B B IJJKane 8HeprHii B036Y*ll9HHSI COCTaBHOro SI/lpa. ITpe1lnOnaranOCh 

TaK)l{e, lJTO aHeprHSI 60M6ap1lHpy101JJHX tJaCTllU - 670 M 8B aaMeTHO npeBbilliaeT 

8HeprHH1 COOTB9TCTBYIOIJJlI9. M8KCIIMyMaM ¢yHKUIIii B036y)l{JleHHSI1 TaK lJTO ITplI 

ncnonhSOBaHHII TOnCTOii MIIIJJ9HH cpyHKUIIII Boa6y)l{/l9HIIH IIHTerpHpyroTCH non

HOCThlO.-· B 8TIIX llOnymeHIISIX 6bmll nonytJeHbl cne1lyrom1Ie SHatJeHIISI MaKCII

ManhHhIX cetJeHIIii peaKuIIii: 

amu(4n) ;,.31 M6apH nnH 
70 Zn( 136 Xe, .4n) 202Po; 

max(.,r:, ) 70 136 201 11 a .;in = 52 M6apH mrn Zn ( Xe,Sn) Po 

amax(Sn)= 56 M6apH nnH 68Zn ( 136Xe,Sn) 199Po • 

/ 10/ u B paooTe 6bmll naMepeHbl cpyHKUlIII B036y)l{/l9HlIH peaKUIIII 

164 40 · , u 204.-.. Dy ( Ar, xn ) • CocTaBHOe SI/lpO B 8TOII peaKUIIII - J:'O t TOnh-

KO Ha llBa HeiiTpoHa OTnII'l8IOTCSI OT COCTaBHOro SI/lpa·nnH naytJeHHOii HaMII 

peaKiiIIII 70Zn( 13 'Xe, xn) • floaToMy npencTaBnHeT IIHTep~c cpaBHl!Th nony

tJeHHhie BenHtJJ.fHbl cetJe~11ii. B MaKCIIMyMe cpyHKUIIH B036y)K/l9HIISI peaKUIIII 

u /10/ 
ncrrapeHHSI 4 II 5 H91ITP.OHOB, cornaCHO pa6oTe • IIM910T cetJeHIISI 20 II 

70 MoapH COOTBeTCTBeHHO.- 3TH 3H8'19HIISI Mano OTnHtJaroTCSI OT nonytJeHHhIX 

H8MH naHHbIX. 0Tcrona MO:IKHO cnenaTh BblBOll, lJTO acpcpeKTbl KpHTIIlJ9CKoro 

·1oz 136x 
yrnoBoro MOM9HTa B CHCTeMe n + e He npHBOllSIT K cymecTB9HHOMy 

yMeHhlli9HlllO cetJeHIISI o6paaoBaHIIH COCTaBHoro Sinpa no cpaBH9HHIO C 6onee 

OOhllJHOii peaKuHeii 
164Dy + 40Ar • 3nech cnenye'I' aaMeTHTh1 lJTO_ TOlJHOCTh 

a6conroTHhIX 3H8'19HIIii cetJeHnii, n~nytJeHHhlX H8MH, H9Bb!COKa. nonycTIIMbl 

OTKnOH9HIIH B npenenax cpaKTopa-2, CBH3aHHb19 C norpelllHOCTSIMII IISMepeHIISI 

8 

I 

ITOTOKa '18CTHU, C npouellypoii IISBnetJeHIIH ceqeanii 113 BenIItJIIHbl BhIXOlla 

peaKnnrr Ha TOnCTOfr MHlll9HII II C B03MO)l(Hb!MII H9TO'IJHOCTHMII ll8HHbIX H opT-

/ 11/ 
Knmpcpe O CODTHOlll9Hllll npo6er-aaeprIIH llnH IIOHOB KC9HOHa. 0THOCIITenh-

HaH rrorpem11ocTh onpellenemrn cetJeHIIfi paanIItJHhIX peaKuIIfi He npeBbilllana 

15%. 

M 0/l<HO CllenaTb ITOilb!TKY rrpeo6pa30BaTh rronytJeHHbie 3HatJeHIIH amax( xn) 

B C9'l9HIIH o6pa30BaHlfH COCTaBHoro Hllpa. 11aBeCTHO, 'ITO C9'19Hlfe peaKUIIII 

11c11apemrn x neiiTpoHOB a ( xn) nnH nenHmerocH Hllpa onpenenHeTcH cpopMy

noii: 

amax(xn) ac pmax(x) " rn 
TI (---), ' 
i=1 rn + r f 

rne p max (x) - MaKClfManbHaH BepoHTHOCTh lfCIIapeHlfH X HeiiTpOHOB
1 

K0-

/7 / 
Topyro MO)l{HO paCClJIITaTh cornacHO • IToaTOMy 113 8KCnepnMeHTanhHhIX 

3HatJeHJIH amax (x n) 1 IIplIB,'19KaH ll8HHbl9 OTHOCIITenhHO rn / r f , MO)l{HO 

orrpellenHTh a c B ocymecTB119HHH ll8HHOro pactJeTa BCTpetJaroTCSI Tpyn-

HOCTH 1 CBH3aHHhI9 C H91lOCTaTOlJHOH orrpeneneHHOCThlO B9nillJHH rn /r f• neiicT

/ 12/ 
BIITenbHO, B pa6oTe CHKKenaHllOM y6ennTenhHO noKaaaao, lJTO BITIIOTh 

( 
18:Z... 16 

llO COCT8BHblX Hllep C Z C =82 peaKUHH W + 0 ) napaMeTp rn / r f 

pe3KO aaBHCHT OT a1-ieprHH Boa6y)l{ll9HHSI H nemrMOCTh COCTaBHoro H/lpa He-

o6xonHMO ytJHTbIBaTb TOnhKO llnH rrepBoii CTyneHH 11crrapHTenhHOro K8CKana. 

/10/ B TO )1{9 BpeMH B pa6oTe nnH COCTaBHoro H.Qpa C z =84 ( peaKUlIH 
C 

164 40 r I r 
Dy+ Ar ) yJKe npenrronaraeTCH OTCyTCTBIIe aaBIICIIMOCTII . n . f OT aaep-

x r. 
r1111 Boa6y)K/l9HIIH, ll rrp0113B91l9HIIe TI ( n ) l . 3aMeHSieTCH CTerreHhlO 

l=l rn + rf. 
rn X 

-) 
rn+rt . 

( Bee JKe, ecn11 11cnonh30BaTh cpena11e aHatJeHIIH rrapaMeTpa 

(_G_) 
i: +r1 

/10/ 
113 pa6oTbl I TO 8KCrrepIIM9HT8nhHbi9 3HalJ9HIIH a max (xn) rrp11-

BOgHT K BenHtJIIHaM a 
C 

• KOTOpbie B rrpenenax q>aKTopa 2 rrp11 COOTBeTCT-

BYIOIJJIIX aHeprIISIX cornacyroTCH C rronHbIM cetJeHHeM peaKu1111, BbllJHCnenHbIM 
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2 
no Knaccn<IecKoft cpopMyne u R = TT ( R 1 + R 2 ) (1 --B/E ), I'Jle R 1 H R 2 

pallHYCbl S1Jl9P npn ro =1,4 cpepMH. -B - KynoHOBCKHH 6apbep, E - SHep

I'HSl '18CTHUbl B CHCTeMe ueHTpa HHepmrn. 

PeaKUHH nepena'IH · 

B cneKTpax raMMa-aKTHBHOCTH MHWeHeii, o6nytJeHHbIX ny'IKOM KC9HO

aa, npncyTCTBOBanH HHT9HCHBHbJe nHHHH npOJlYKTOB o6MeHHblX peaKunft. .llnsi 

H3Bne'leHHS1 ce'leHHH o6pasoBaHHS1 STHX H30TOnOB H3 SKCnepHMeHTanbHO H3-

MepeHHOI'O BblXOJla Jlenanocb npeJlnOnO)K9HHe, 'ITO 3aBHCHMOCTH ce<ieHHH Bcex 

peaKUHH nepeJla'IH OT aaeprnn 60M6apJlHpy10mnx 'laCTHil HM910T nOJl06HblH BHJl~ 

const ( · 1 - -B / E) • .llaaaoe npeJlnono)KeHHe S1BnS1eTCS1 JlOCTaTO'IHO. npaBJlO-' 

nOJl06HbIM, nocKonbKY aaeprHSl HOHOB KCeHoHa H93HatJIITenbHO npeBbIWana 

KynOHOBCKIIH 6apbep npaKTH'l9CKH JlnSl Bcex Mnweaeft, a B6nH3H 6apbepa 

Bee o6MeHHbJe peaKUHH HMeIOT 6bICTpO pacTymne cpyHKUHH B036y)Kll8HHS1• 

B Ta6nnue 1 npHB9Jl9Hbl CetJeHHSl o6p830BaHHS1 · pS1Jla · paJlHOaKTHBHblX IlpOJlyK;.. 

TOB npn BSaHMOJleHCTBHH ycKopeHHbIX HOHOB
136xe +27 

H 
136

xe+
30 

c·pasnn'I-

HbIMH S1JlpaMH MHW9HH, A6ci>n10THbJe 3H8'19HHS1 ce'leHHH onpeJleneHbl B npeJle

nax cpaKTOpa 2; Hennoxasi CTaTUCTHtJ9CKaS1 TO'IHOCTb pesynbTaTOB (oKono 

10-15%) nosBonsieT cpaBHHBaTb cetJeHHSl pa3nH'IHblX pe8KUHH. Ha pnc. 2 no

Ka3aHbl Ce'leHHSl o6pa30BaHHS1 H30TOnOB CBUHUa H HOila npn o6ny'leHHH BHCMy-
0

• 

Ta HOHaMH 136 Xe +3 o •. TTyHKTHpHbIMH KpHBbIMH aa ·.'pnc •. 2 IlOK838Hbl Ce'leHHSl 

' ., 
' i 

·I 
·i 
) 

\( 
I~ 
-1 

209'B• 22 
o6pasoBaHHS1 H30TOnOB CBHHU8 npn o6ny'leHHH ... , HOHBMH Ne- H npo- ' 

X HeiiTpOHOB npn B38HMOJl9HCT- ··1 llYKTOB peaKUHH nepeJlB'IH OJlHOI'O npoTOHa H ,. 
1 
I B3aHMO-, 

133 22 I 13 14/ 
BHH S1Jl9P Cs C noHaMH Ne 

1 
• KpHBbie HOpMHpOBaHbl K SKCnepn-

MeHTanbHbIM' Jl8HHbIM,. nony'leHHbIM Ha ny'IKe KCeHOHa, no C9'19HHS1M H30TO-

noB 203Pb H 13%] • BnllHOi 'ITO c po~TOM 'IHcna nepeJlaBaeMbIX HyKlIOHOB 

Ce'leHHe yMeHbwaeTCSl ae TaK CHnbHO B peaKUHH C _KC9HOHOM, KaK npn 

Jl9HCTBHII HOHOB 22 'Ne C S1Jlpa~m. 

10 

CpaBaeane a6con10THoft Benn'IHHbI cetJeHnft, nepetJncneHHbIX B Ta6nn

ue 1, C cetJeHHSlMH .aaanOI'H'IHbIX peaKUHH npn B38HMOJl9HCTBHH TSl)KenbIX 

S1Jl9P C 6onee nerKHMH 60M6apJlnpy10mHMH '18CTHUaMH ( TaKHMH, KaK 22 'Ne ) I 

noKa3bIBaeT, 'ITO BepoSlTHOCTb peaKUHH nepeJlatJH HyKnOHOB npn nepexoJle 

K HOHaM KCeHOHa yBenH'IHBaeTCSl B 10-15 pas npn TOH )Ke SHeprHH 'laCTlfll 

B eJlHHHUax MaBIHyKnoa, 38 Bbi'19TOM 6apbepa B CHCTeMe ueHTpa 1rnep111rn. 

AaanOI'H'IHb!H BbIBOJl cneJlyeT H3 BenH'IHHbl cetJeHHH peaKUHH nepeJlatJH Tpex 

npOTOHOB H 9, 10 H 11 aeftTpOHOB npn B38HMOJl9HCTBHH SlJlep Kceaoaa H ypa-

aa, npHBOJlSlIDHX K o6pa30BaHHIO H30TonoB 
224

• 
225

• 
226 ·Ac (CM •. Ta6n. 1) • 

Ha' pHC; 3 IIOKasaH anbcpa-cneKTp cppaKUHH aKTHHHJlOB, BbIJleneHHbIX H3 ypa

HOBOH MHwean, o6nytJeHHoft noHaMH 
136 Xe • EonbWHHCTBO a -nirnnft cooT-

. 224,22s,226 A 
BeTCTByeT npoJlyKTaM· pacnaJla H30TonoB C • C~tJ9HHS1 o6paso-

BaHHS1 STHX H30TOnOB npHMepHO B 40 pas npeBbIWaIOT Ce'leHHSl, HMeBWHe 

- /15/ 
MecTo npn o6ny'leHHH ypaaa noaaMK aeoaa 

YBenH'l9HHe BepOSlTHOCTH npS1MbIX peaKUHH npn nepexoJle K HOHBM · KCe

HOH8 HBXOJl_HT 9CTeC.TB9HHOe o6'bS1CH9HH9 B pOCTe yI'nOBOI'O MOM9HTa H ueHTpO 

6e)KffbIX cnn npn TOM· )Ke saa'leHH,H npnuenbHOI'o napaMeTpa c yBenntJeHneM 

MBCCbl cTanKHB8lOIDHXCS1 SlJlep. KpoMe Toro, Henb3S1 HCKnIO'IIITb B03MO)KHQe 

yBenn'leHHe ponn MexaHH3Ma•KynoHOBCKOI'O pasBana CTnnKHB8IOIUHXCS1 Slllep. 

Q6ny'leHHe ypaaa KC9HOHOM 

6bmO npOB9Jl9HO o6ny'leHne TOnCTOH MeTanmt'leCKOil: MHW9HH H3 ypaHa 

B Te'leHHe 15 '18COB HHTerpanbHbIM nOTOKOM 5.10
12 

HOHOB 
136Xe +3 o H cae

naHO XHMH'leCKoe BbIJleneane cpp_aKUHH aKTHHHJlOB H cppaKuHH TSl)KenbIX MeTan-
. - --

noB (·Au, 'Hg, 'Tl, Pb , ·Bi) • TTpn nsMepeann anbcpa-cneKTpa cppaKunn TSl)KenbIX 

MeTannoB aa JlBoe cyToK 6bmo aaperncTpnpoBaao TonbKO '1eTb1pe oTc'leTa 

B o6nacTH aaeprHil: OT 5,5 JlO 10 MaB. HH3KHil: ypOOOHb aKTHBHOCTH He no-

3BOnHn BblSlBHTb a -rpynnbI B STOM cneKTpe H npOH3BeCTH HJleHTHq>HKBUHIO 
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H.Upa-nsny'laTensi. CneKTp anbcpa-aKTHBHOCTH aKTHHH.UOB, ITOK838Hl!bll1 Ha 

pnc. 3, o6cy*.uancH Bh1111e • 

B cneKT:;>ax y -aKTHBHOCTH 06nyqe11Hoii MHllleHH 6bmll 0611apy;)l(el!bl 'pa-

" 239 239 
.unoaKTHBl!b!e 

135Xe , 140 La 

H30TOilbl - npo.uyKThl peaKUHH nepe.uaqn HyKnouoB: Np I U 1 

• Ce'leHHH o6pa3oBaHHH 8THX H30TOITOB npHBO.UHTCSI B Ta6nu-

ue 1. 

IlpenapaThI, BhI.UeneHHbie XHMH'leCKH, HaHOCIImICb ua cpoccjiaTHOe CTeKno. 

Ilony'lel!Hhlll HCTO'IHHK Haxo.unncsi B KOHTaKTe C . .upyro" rrnaCTIIHOii 113 cj1oc

cpaTHOrO cTeKna B Te'leHne .unnTem,uoro BpeMeHn. lJepes onpeaenennLie npo

Me*yTKH BpeMeHH CTeKmlHHbie nnaCTHl!b! CHHManncb, npoTpaBmmanUCb II 

npocMaTpHBanncb C uenbID o6HapyMeHIISI TpeKOB OCKOnKOB CITOHTaHHOro .ue

neHHH. 

B Te'leHHe CTa cyTOK II3MepeHHii 6bmH saper1ICTp1IpOB8Hhl OT.UenbHble 

co6bJTHH .unH o6enx XHMH'IeCKHX cppaKunii. O.uHaKO Ha6nro.ueHHblll acpcjieKT 6bm 

H8CTOITbKO Man, ~TO He npe.ucTaBnHITOCb B03MO)KHb!M npoBeCTH KOHTponbHhle 

Oilb!Tbl H n.ueHTHcpnunpoBaTb CITOHT8HHO .uenHIIIIIeCH H.Upa. M OMHO .uaTb TOnb-

KO BepXHIDID rpaHHUY ceqeHHH o6paaoBaHHSI cnoHTaHHO .uenHmeroCH H30Tona 

B peaKunn 238U + 136 Xe , .unH nsnyqaTenH c nepno.uoM nonypacna.ua 100 .uHeii 

-31 2 
ceqeHHe a< 10 CM. 3TO 3Ha'IeHne He npoTHBope'IIIT oueHKe ceqeHHH 

o6pasoBaHHH CITOHT8HHO .uensimHXCH H30TOITOB KanncpopHIIH, cpepMIIH II CBepx-

TH;)l(enbIX aneMeHTOB 
298114 294110 

B peaKUHH .ueneHHH ypaHa HOH8MH 

/16/ . . 
KCeHOHa I c.uenaHHOII Ha OCH0Be 8KCTpanonSIUHII. 

B .uanhneii111eM npe.unonaraeTCH npoBe.uenne 6onee no.upo6noro nccne-

23s 136x 
.UOBaHHH peaKUHH U + e npn cymecTBeHHOM yBennqeHIIH HHTerpanbHDro 

Il0T0Ka HOHOB Kcenona. 

B saKnroqenne neo6xo.UIIMO c.uenaTb o.uno saMeqan1Ie, KacaromeecH 

Bonpoca CIIHTesa CBepXTHMenbIX aneMeHTOB. B peaKUIIII .ueneHIIH H.{lep no.u 

.ueiiCTBHeM 0'19Hb TH:11(9nbIX .IIOHOB M0:11(9T 6b!Tb o6pasoBaH uenblll Ha6op neiiT

pOHHO o6orameHHb!X II30T0ITOB CBepXTH:11(9nbIX aneMeHTOB B6nlI31I ueHTpa 

12 

o6naCTII cTa61InbHOCTII z = 114, 'N = 184. IleplIO.{lbl nonypacna.ua 8TIIX H30TO

nciB .uon;)l(Hbl MeHHTbCH B . IIIHp0KOM IIHTepBane BpeMeH, TaK 'ITO_ B03MO;)l(H0 

op1IeHTIIp0B8TbCSI Ha CHHT93 KaK KOp0TKO;)l(HBYlllHX H30TOIT0B C T 1/, < 1 ceK, 

TaK II HyKnlI.U0B, ;)l(IIBYIIIIIX .UHII n .uecHTKH .UHeii. IlonyqeHIIe eme 6onee .uonro

;)l(HBylllHX II30TOIT0B Tpe6yeT O'l9Hb .UnlITenbHbIX o6ny'leHIIll II He srnnsieTCSI 

acpcpeKTHBHbIM. Ilo Ha';lleMy MHeHnro, nep1Io.u nonypacna.ua nsoTona .uon*eH 

IIM9Tb onpe.ueneHHYID Koppensiunro C BepoSITHOCTbID o6pa30B8HIIH .uaHHoro 

II30T0ITa. ileiicTBHTenbHO, 6onee BblCOKOe BpeMSI ;)l(II3HH HyKnlI.{la 03H8'189T, 

'ITO ero 6apbep .ueneHHH Bhillle, a napaMeTp .uenlIM0CTH - r f I ·r,, HII;)l(e, 

qeM .unH KOpOTKO;)l(HBylllero. Ilo.uo6HaH K0ppenSIUHSI Ha6nro.uanacb B CIICTeMa

THKe 8KCnep1IM9HTanbHblX ceqeHIIll o6pa30B8HHH pacna.ua II30T0IT0B. · 102 ane-

/ 17 / " MeHTa • B 8T0II pa6oTe· noKa3aHo, 'ITO H30T0_n 
254

102 C 38MKHyToii 

HeiiTpOHHOfi no.uo6ono'IKOH 'N. = 152 IIMeeT Han6onblllee BpeMH :11(1!3HH H H81I-

6onbUiee ce'leHne o6pasoBaHHH. 

EcnlI .unsi cBepxTH*enhlX aneMeHT0B xapaKTep KoppenHUIIII napaMeTpa 

.{lenlIM0CTH r, / rn C 6apbep0M .ueneHHSI 0CT89TCSI TaKIIM :11(9 1 K8K H }lml 

H3BeCTHblX TH;)l(enbIX H.Uep, TO 0.UH03H8'IH0 cne.uyeT BbIB0.ll O npe.uno'ITHTenb

H0CTH npoBe.UeHHH 8KCnepn:MeHT0B no CHHTesy cpaBHHTenbH0 .uonrO;)l(HBYllllIX 

H30TOITOB B peaKunn 2 381) + 136
Xe • 

ABT0pbl ·6naro.uapHbl B.C. Ancpeeay, E.A. 3arepy, B.H. MenbHHKOBY, 

C.H. Ko3noBy, P.U. OraHeCHHY n Ha'IanbHHKaM cMeH UIIKnoTpOHOB Y-300 

II Y-200, o6ecne'IHBIIIHM nonyqeHII·e ycTOll'IHBblX ny'IK0B II0H0B KCeHoHa, 

a TSK:11(9 E.A. fB03.{leBy 38 Bb!Il0nHeHIIe XIIMH'l9CK0H o6pa6oTKH MHlll9HH, 

B.A. IUeroneBy 38 Il0M0lllb B H3MepeHHHX, 10.u. OraHeCHHY, A.r. neMIIHY H 

E.l-1. IlyCTbinbHHKY 38. none3Hbl9 o6cy:11(.{l9HHH pe3ynbT8TOB. 
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HuweH6 

z4Mg 

10 Zn 
' 

isq Tb .. 

. 

6o~p- nPOdYtcm ~--~-·-·-
'IOCmuUJJ Peat:.4uu 

13s Xe 
+?7 

zttNa 
fJ.s-Xe 

··1ss 
Dy 

01
01 

;;;xe 69111zn 

. 11111 Zn 

12 zn 

67 Ga 

73GB 

75GB •. 

77GB ' 

131 I 

132 I 
13111 

f35Xe 
ts9 Po 

:201 Po 

202 Po 

1asx +?7 e ... _1321 

• •• ,·. J f33 I 

BIi' us, 
mxe 

CeveHUe, £5oN5op- n/JOO!::JKm Cel/eHl.Je 
HiJUJeHG ouP!JIDU/QSJ N5op1-1. peat:4uu N5Qf)H. I./OC1LJ4a 

18 1e1 Ta 1asx8 +?7 
osxe 160 

.. 
,u:i Bi 13sx8 

f30 I 20 110 r3R 

340 -ot I 23 

48 · 1321 27 

12 1331 25 

19 ,:s,, I 20 

· 14 13s Xe 250 
2 19a Tl 5 

5 ; ZDOTI 16. 

8 
/ 

.• ZOOpb 9. . : 

1 204 Pb 15 

11 202,,,Pb 17 

12 : :
203 Pb ! 32 

;19 • 20lt"'Pb . 37 

120 Zall u · ,ati X 
HD B ~'Xe 190 

: 56 ' ,~
0 La & 

52 mu 120 

31 m Np 200 

4 u1t Ac 0,05 

·9 us Ac "- 0,05 

16 w; Ac 0,04 

12 

140 
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Pnc. 1. Pac"tJ:eTHbie <f>yHKUHH B036y)K/l9HHSI peaKUHfi 

8HeprHSI qacTHUhl B CHCTeMe ueHTpa HHepunn. 
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AnbcjJa-crreKTp cjJpaKUHH aKTHHHll0B, Bb!lleneHHOM H3 ypaH0B0M MmueHH 
rrocne o5nyqeHH51 H0HaMH 136Xe+ 3 o HHTerpaJibHblM II0T0K0M 5.1012 qacTnu. 

BpeM51 HaKorrneHH51 1rncjJopMau~n 40 qac. 
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P7-6262 

HeKoTOpb!e 3KcnepnMeHThl no nayqeHH!O B38HMOJlel!CTBHlI ycKopeHHhIX 
HOHOB KCeHoHa C lIJlpaMn 

MaMepeHbi ceqeHHlI HeKOTOpbIX peaKunl! B38HMOJlel!cTBHlI ycKopeHHhlX -no~ 
HOB KCeHOHa C pa3JIH'1Hhl!\.lll lIJlpaMn. 3a(jmKcnpoBaH POCT ceqeHnl! 06MeHHhIX 
peaKunl! npn nepexoae OT nerKnx 6aM6apanpyroumx qacTnu ( 22Ne, 40Ar) K noHaM 

136 
Xe • ITpn 06nyqe1mn MHIIJeHel! na MaranSI n unHKa naeHTncpnunpoBaHhI npoayk• 

Thi peaKunl! o6paaoBaHnSI cocTaBHoro lIJlpa, onpeaeneHhI ceqeanSI peaKunl!: 
24 136 155 340 . 70 136 • 202,201 

Mg( Xe,Sn) Dy - M6apH; Zn( Xe;4,Sn) Po -31 
n 52 M6apH COOTBeTCTBeHHo. 

ITpoBe)leHbl f!OHCKH CflOHT8HHO JleJISIIUHXClI nany'laTenel! B flPOllYKT8X B38 

HMO)lel!CTBHlI lIJlep XPBHa.n KCeHOHa, ITony'leHa rpaHnua ceqeHnSI o6paaOB8HHlI 

a :', 10 -
31 

cM" JlJilI JlOJirOlKHBymnx CllOHTBHHO JlemIIUHXClI nanyqaTenel! 
.,c aepnoaoM aonypacnaaa ~ 100 JlHel!, 
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