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P7-4637 

H3yqeHne peaKUHM.MHoroHyKnOHHhiX nepenaq.non neficTaneM 
TlllKenhix noHOB a cpenHeii: o6nacTn Mace IInep 

. Hccnenoaanocb o6pa3oaaHne H30)9fOB cypbMhii nona1 ue3Hlll 6apnst1 ue-
pil:"H;·:nonyqaJOIUHXCll H3 SIAep MHWeHn Cs 1 

127
I 1 

139 La 1 · 
141 Pr a pe3ynb:-

Taie peaKUHM MHOI'OHyKnOHHhiX nepenaq, 
noKa3aHo1 qTo pacnpeneneHne ceqeHnfi nepenaqn nnn oTphiBa pa3nnqHoro 

1 -(Ap-A,.,) 
qncna HSHTpOHOB OnHCbiBaeTCll ljlyHKUHSM raycca THna: W(Ap-An)•~exp---..:r--1 

(2rox) 2 a;, 
nonyqeHHhle AaHHhie 06CylKAa!OTCll C TQqKH 3peHHll B03MOlKHOCTH peaKUHM 

MHOI'OHyKnOHHhiX nepenaq Anll CHHTe3a ll30TOITOB;_ nelKaWilX BAann· .OT o6naCTH 
CTa6HnbHOCTH, 

flpenpHHT 06beromeHHOrO HIICTHTYTa ~epHhiX HCC.IIe~OBaHMii. 

,l\y6Hal 1969 

Ogariesyan Yu.Ts,1 Penionshkevich Yu.E,1 So Ki Hvan P?-46~7., 
Shamsutdinov A.0. 1 Malts eva N. 5, 1 Chuburkova I. I. 

'Investigation of the Reactions with Multinucleon Tra1;1sfe •. 
by Heavy Ions in the Center Region of Nucleus Mass 

· . .. 133 I" 
Production of S! 1 I 1 Cs 1Ba 1 Ce isotopes from the Cs 1 •. I 1 139 

La 1 

141 
Pr target nuclei as a result of multinucleon transfer reac-

tions has been investigated, The distribution of the transfer cross 
sections or separation of various number of neutrons is described by· 
the Gauss function of the foll<[wing type: )2 

W(A --A ) ~ exp- (AP-An_ 
P n (27Ta0:)% 2a; 

The obtained data are discussed from the point of view of possibility 
of multinucleon transfer reactions for the synthesis of isotopes loca
ted far from the stability region. 

Preprint. Joint lnstitnte for Nnclear Research. 
Dnbna, 1969 



0llHHM H3 OCHOBHbiX npouecCOB, npOHCXOllSIIUHX f!PH B38HM0ll9ii:CTBHH 

ycxopeHHbiX TSI)K9Jlb!X HOHOB llOCTaTO'IHO BbiCOKOil: aHepi'liH C Sillp8MH MHIUe

HH, .SIB_JISIJOTCSI npSIMbie pea:KuHH. ITomwe ce'leHHe peaKUHil: nollo5aoro THna 
. . . . . /14/ 

B9CbMa B9JlHKO H M0)1{9T COCTaBJISITb 20-30% HX I'90M9TpH'19CKOI'O C9'19HHSI , 

ITpH npSIMbiX npoueccax 13o3MO)KHbi pa3JIH'IHhie KaHaJibi SillepHbiX peaK

UHil:, Ka)Kllblil: H3 KOTOpbiX 38BHCHT OT MHOI'IiX yCJIOBHft (aHepi'Hii 3apSilla II 

MaCChi qaCTil:Ubl 1i stll}:ia MHln9HH,. CTpyKTypHbiX CBOii:CTB Slll9P H T.ll.) • H ali-:. 

6onbmee ce'leHHe HMeJOT peaKUiiH nepella'IH OllH~ro HyKnoaa. KaK noKa3aHo 

/15/ • 
B pa5c;>Te , peaKUHH OllHOHYKJlOHHblX nepella'l MOI'YT OCyiUeCTBJlSITbCSI 

npH npHuenbHbiX napaMeTpax, 5onbWHX pallHyca smpa. B aTOM cnyqae nepe

XOll HyKJIOHa ~3 Slllpa B SillPO OCyiUeCTBJlS19TCSI nyTeM TYHH9JlbHO~O ~~~KTa, 
- noaTOMY peaKUHH llOll05HOI'O THna MOI'YT npoTeKaTb li B cnyqae B38HMOlleil:

• CTBiiSI Slll9P.'C aHepraeil: HH)K9 KyJIOHOBCKOI'O 6apbepa, 

ITo Mepe yaenH'I9HiiSI aHepi'Iili HOHa Hall KYJIOHOBCKHM 5apbepOM KapTii

Ha peaKunil: nepella'l CTaHOBiiTCSI 5onee MHoroo5pa3Hoil:. B aToM cnyqae B03-

MO)K9H nepeXOll H3 Mpa B SillPO uenoro KOMnneKca HYKJIOHOB. B nepBbiX • 
- 5 . 111 5 . . . 

HCCJ19llOBaHHSIX peaKUHH llOllO HOI'O Tll:Tia binO TIOKa3aH0 0 , 'ITO HX M9Xa-

HH3M CyiUeCTB9HHO OTJlH'IaeTCSI OT peaKUHil: OllHOHyKJIOHHblX f!9pellati:, B CBSI-

/1/ ' 
3H c aTHM B pa5oTe P. Bonb~paHroM a P. Kay~MaHOM 5hm npellJIO)KeH 

3 
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,.· .. , 

MeXaHH3M npoTeKaHHSI 9THX peaKUHH, KOTOpb!H npennonaraeT nepeKpb!THe 

noaepXHOCTeH nayx B38HMOneitCTBYIOIIUIX. srnep (napaMeTp CT0/1KHOBSHHSI1 

CpaBHHMb!H H/lll MeHbiiiHH panuyca Sinpa), 

l13y'leHHe OCHOBHb!X XapaKTepHCTHK peaKUHH MHOI'OHYK110HHb!X nepe

na'l non neHCTBHSM TSI)KSJlb!X HOHOB (H3MepeHHe 9Hepi'8TH'IeCKHX cneKTpOB 

nponyKTOB peaKUHH, HX YI'110Bb!X pacnpeneneHHH, 38BHCHMOCTH Ce'leHHSI HX 

o6paaoaaHHSI · oT 'IHCna nepenaaaeMbiX iiyKnouoa) ohmo npoaeneuo B pa5o- i · 
/4-9/ 

Tax 

. Ha peaynhTaToB 9THX paooT cnenyeT, 'ITO cyMMapuoe ce'leHHe acex 

npSIMb!X peaKUHH non AeHCTBHeM TSI)KeJlb!X HOHOB AOCTHI'aeT 3H8'1HTe/lbHOfi 

'18CTH nO/lHOI'O Ce'leHHSI B38HMoneitCTBHSI H paCTeT C 9HeprHeit HOHa H ·ero 

Maccoit. ITpH 9Hepi'HSIX s..:to Maa/HyK~OH Be/lH'IHHa Ce'ISHHSI COCTaBnSieT 

HeCKO/lbKO MH1111Hi5apH, TioKa3aHO TaK)Ke, 'ITO HapSI.llY C OAHOHYK110HHbiM o5-

MeHOM C noCTaTO'IHO 00/lbiiiOfi BepOSITHOCTblO HnyT peaKUHH nep~na'IH oonb

II!OI'O 'IHCna HyKnonoa. TaK, ecnu cetteHHe peaKUHU 
181 Ta ( 20

· Ne , -2p , 

.::..2n ) ·cocTaBiiSieT 10-
27 c~?, TO yaenutteHHe 'IHcna · nepenaaaeMbiX neil.-.. 

TpOHOB AO f3. npHBOAHT K yMeHbiiiSHHIO cetteHHSI /lHII!b Ha naa nopSIAKa,, 

3TOT ¢aKT npe,llCT8B11SieT 3H8'1HTe/lbHhlH HHTepec C TO'IKH 3peHH~ nony

'IS.HHSI H3oTonoa, ne*aii!HX ananH oT o6nacTH cTaounbuocTH. TQ.K, nepabie 

H311y'laTe/1H aana3Ab!B8lOII!IiX npOTOHOB Obl/11i OTKpb!Tbl B .LlyoHe B peaKUHH 

cpbiaa Tpex npoToHoa. B peaKun.Hx nepena'IH ohmH CHHTe::mpoaaHbi · TaK*e 
8 /10/ . . 

TSI)KeJlbie H30Tonbi He • B HacTosr~ee apeMSI ua6monaeTcSI oop·aao-
18 

B8Hii8 'naOTOUOB C a peaynhTaTe nonxaaTa SIJlpOM 'laCTH

/11/ 
Ubi 3H8'11iT811bHOI'O 'lliC/la HYK/lOHOB H3 srnpa MHIII8HH 

LfTo KacaeTCSI aoaMO*HOCTH cnHTeaa c!inbHo neitTpouone¢HUHTHbiX li11H 

,HeHTpOHOII30b!TO"iHb!X II30TOnOB .B Cpe,llHeit' H T~)KSJlOH oonac;:TSIX SIAep B no-
. . 
.llOOIIOI'O THI:Ia peaKU.HSIX1 TO UOKa 'H3 Cyii!eCTBYIOIIIIJX 9KCnepHMe!IT8/lbHbiX 

naHHbiX Tpynuo cnenaTb ·onpeneneHHbie BbiBOAbi, 

4 



IIOJ:ta, 

127 I 

B HacTos:meii pa6oTe 11ccnenoBanocb o6pa30BaHIIe 1130TonoB cypbMbt, 

ue311SI, 6ap11s:, uep11s:, nonyttaJOUliiXCSI 113 s:nep MnmeHII ( 
133

Cs 

, 139 La 141 Pr B pe3ynbTaTe cpbiBa, noxBaTa ·11n11 o6MeHa 

9TIIMII SIJ:lp8MII pa3JlH'iHblM 'liiCJlOM HyKJlOHOB, 

8bi60p JlJlSI IICCJleJ:tOB8HIISI 1130TOIIOB 9TIIX aneMeHTOB o6'bSICHSIJ1CSI1 BO

rtepBbiX1 M8JlOii BeJlll'liiHOii KyJIOHOBCKOPO 6apbep~ peaKUIIii, HJ:lYUliiX C 9TII

MH s:npaMII. ("" 2,5 MaBIHyKnoli), ttTo no3Bons:no 113yttaTb aHepPeTII~eCKIIe 

38BIICIIMOCTII BbiXOJlOB ItpOJlYKTOB peaKUIIii B UlllpOKOM JlllanaaoHe 9HepPIIII 

= 5,5 MaBIHyKnoH), BO-BTOpbiX, yno6cTBOM llneliTmjmKa-
E 1 -Eb 

. A, 
UIIH 1130TOJ10B, KOTOpble IIMeiOT XOpOUlO 113BeCTHbie CBOiiCTBa p8J:lii08KTIIBHO

PO pacnana; B.;.TpeTbiiX, B03M0)1{HOCTbiO BblCOKOii O'liiCTKII 9TIIi 9JleMeHTOI3, 

OnbiTbi npoBOiliiJIIICb Ha nyttKe 310-caHTIIMeTpOBOPO UIIKnoTpoHa TSI

*enbiX IIOHOB Jla6opaTop1111 s:nepHbiX peaKUIIii Ol1.Hl1. 

3KCitep11MeHT8JlbH8H MeTOJliiK8 .. 
Ha MaccnBHyro rtollnO.*KY, 113POTOBneHHyro 113 anJOMIIHIISI c COileP*BHII;:' 

. -6 c 

eM onaCHblX npiiMeceii llPYPIIX aneMeHTOB ( 5,. 10 ) II OXJ18)KJl8eMyiO BOJlOii, 
. . 2 . • 

H8HOCIIJ10Cb BeUleCTBO MIIUleHII TOJlllliiHOii."' 2 MP/CM • nns: 113POTOBJieHIISI 
.. 8 

MIIUleHeii IICJ10Jlb30B8Jl11Cb XHMH'leCKH 'lHCTbie ( O'lHCTKB."' 10- OT COCellHHX 

aneMellTOB) H30TOitbl 
127 I ' 133 Cs ' 139 La H 

141Pr B Bn:ne· COellHHe-

Hllii KI La
2 

0 
3 

H PrO • MHmeHb noMemanacb BHYTPH KaMe-

. 12 C , 22 Ne. · .,. 
pbl UHKJlOTpOHa H ItOJ:tBeppanaCb o6nytteHHIO H0ll8MH n 

40 Ar 

HHTeHCHBiiOCTbiO 80, 30 H 8 MKa. COOTBeTCTBeHHO, ToK nyttKa H3MepSIJICSI 

c rroMOUlbJO KonneKTopa, pacnono*eHHOPO BHyTpn: nonno*KH HerrocpencTBeH

HO 38 pa60'IHM CJIOeM MH~eHIIe nnn H3MepellHSI 9HepPHH 6oM6apllHPYIOUliiX 

n:oHOB MHlllellb rroMemanacb · Ha pa3Hbie pann:ycbi ycKopeHn:n. 

5 



.ilocne p6ny'leHH51 MHW9Hb H '18CTb 8niOMHHH9BOit nonnmKKH ( TOnWHHOil: 

"'15 MHKpOH) paCTBOp51nHCb B KOHU9HTpHpOB8HHOH aSOTHOii imcnoTe H pa

/13/ 
llHOXHMH'IeCKHMH MeTOilaMH BhiilenSinHcb 4JpaKUHH Cs B a , I 

Ce H Sb. 

faMMa-pallHOaKTHBHOCTb nony'leHHbiX o6pa3UOB . H3Mep51naCb C nOMOWbiO 

nsyx Ge(Li)~ ~cneKTpoMeTpos a co'leTaHHH c 4096-KaHanbHhlMH aMnnHTYil-

112/ 
HhiMH aHannsaTopaMH • 3Hepi'eTH'IecKoe paspeweHHe 4JoTonnKa nnSI ~ -

nyqeit B aHepi'eTH'IOCKOM H.IITepsane OT 60 .llO 2000 KSB 6binO npHM9p.IIO 

OllHH8KOBbiM H COCTaBnSinO 4 KSB, B K8'19CTBe. npHMepa Hlt pHC, 1 nOK838.1I 
-~:,:j·· ,,"· . . 133 22 

cne.KTP nsoTonos nona, o6pasyromnxc51 B peaKUHH Cs( Ne,-2p, ±xri), 

H3MepeH.II~IH c noM~IllbiO Ge( Li). ~ -cneKTpOMeTpa. 

HneHTH4>HKaUH51 IISOTonos npoiiSBOilHnacb no aHepi'IISIM I'aMMa-nyqeit, 

IIX II.IITe.IICHB.IIOCTSIM II nepiiOil8M nonypacnan.a, 

BhrXOilhi no'ITH acex nony'laeMhiX nsoTonos 6brnii HeSaBHCIIMhiim, T.K. 

II306apbi 1 H3 KOTOpbiX OHII MOI'nH 06pa30BblB8TbC511 K8K np8BIIn0 1 IIMenH 

ce'le.IIIIe a 150~200 pas MeHbWe ce'le.IIH51 o6pasosaHII51 paccMaTpiiBaeMoi'o 

nsoTona. 

Heo6xonnMo saMeTIITb, 'ITO apeMSI XIIMII'IeCKOI'O BhrlleneHIISI OllHOH -::·· ,. 

4JpaKUIIH COCTaBn51nO "' 30-40 MIIHYT II ysemr'IIIBanOCb nponopUIIOHanbHO 'IIIC

ny aneMeHTOB 1 Bbi/len51eMbiX H3. MIIW9HII, l13 o6ny'leHHOI'O o6pa3ua Bblll9n51-

nHCb palliiOXIIMII'IeCKHM MeTOilOM 5 aneMeHTOB, Pacnpenenenue Bhrxonos 

IISOTonos Ka>KilOI'o arieMeHTa onpenenSinoch HenocpencTaen~ro ·Its onhiTa. OT

HOCHTenbHhre pacnpeneneHH51 pa3nii'IHhiX .aneMeHTOB (cyMMa H30TOnOB ll8H

HOI'O aneMeHTa) HaXOiliiniiCb H3 pall1IOXHMII'19CKIIX BbiXOilOB C TO'IHOCTbiO 

"'10-15%. A6conroTHa51 senii'IIIHa ce'leHIIH o6ptsosaHIISI pasna'IHbrX IISOTo

nos a peaKUHSIX nepella'III onpenenSinacb OT.IIOCIITenbHO ceqeHIISI o6pasoaaHII51 

238 u 22 N ) 200/ HOil8 B peaKUHH lleneHIISI e. 1 f II COCTaBn51na"' to, • 

6 
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U30Ton 
1120 

1121 

.1123 

1124 

1125 

1121 

1130 

1131 

1132 

1134 

1135 

c.t25 

cs127 

c 0t29 

c.tn 

c1t34 

c.tJS"'. 

cs135 

.aat27 

sJ28 

aat21 

8 J31 

eJ33 

aat3~ 

sJ35m 

sJ39 

aat4D 

c~132 
eot33 

c1134 

·c1tJS 

c.137 

c.13~ 

c.J39 
CeV.1 

CIV.l 

Sb115 

Sbm~m 

Sb117 

Sbuam 

Sb120 

Sb124 

Sbt27 

Sb128 

Ta5naua 1 

CeqeHHH o5pa3oBaHHH H30Tonoa a peaKUHHX MHoroHyKnOHHhlX 
nepe11aq 

nEPMOA MPrKI cP\.r'? Nt2~ c?.,_ 1.413\.,I?Nt~~xnl Pr141(NJ21yptxn I 1127(Ne22typtx:~"' 
fAf!~ ~~inoi II!~" CtlftHU Ct"-.IHUt ttUIHUf ,.er::~:UI. CI~!'Jf• 

, ....... .,. "'"" c•w~ mun c ...... Hwe ... l'llllfLUI.U f"'ll ("'II /Mil , .. , ,.,llflllll , ... ,..,.ltl4flli '"'IJ 

1.4 550 "'2p ·ttn 0,300 0,0025 - .l,pJSn 0,095 ·6p-15n 0,0025 Op·7n -
2,12 212 -2p •tOn 0,530 0,009 - .l,p.141'1 0,260 ·61>·t4n 0,010 Qp .. 6n 0,021 

13,0 159 -2p ·Bn 0,910 0,100 - -4p-t2n 0,620 -5p-12n 0,024 Op-4n 0,54 

91,0 505 -2p -7n 1.970 0,125. 0,0006 J.p ... nn 0,370 .. &p·11n 0,017 Op·3n 0,98 

312,0 315 -2p -5n 1,920 0,240 0,003 -4p-9n 0,160 •tip-9n 0,007 Op:tn 9,12 

0,42 441 - -2p -3n 1,510 0,11 - -4p -?n .0,023 -6p ~7n 0,0015 Op·1n 2,54 

12,5 743 -2p -In 0,470 0,115 0,003 -'P -sn 0,0027 -5p-5n - Op-Jn 0,011 

192,0 384 -2p On 0,290 0,062 0,005 -4p -4n 0,0017 ·6P·4n - Op-4n ·-
2,3 . 773: ·2p •tn 0,060 0,031 0,0009 -4p -Jn - ·6p-3n -
0,9 150 ·2P •ln 0,009 0,00~ - ..,(,p -tn' - -6p -In -
8,7 1140 ·2p~n - 0,0005 - -4p On - -6p.On -
0,75 112 Op-ln - •2p ·'n 0,07 

8,2 126 Op•8n - •2p ... 2n 1,3 

32,1 371 Op-4n 0,42 •2p on 1,7 

151,2 I& I Op•tn 10,5 +2p+ln 0,03 

1750 '798 0p+1n 2,40 •2p +Sn 0,007 

0,9 711 Op•2n 0,10 •2p +tin -
329,0 eta Op.Jn 0,04 +lp •7n -

6,2 406 •lp-7n' - -tp-ttn - ..lp •ln 0,002 

57,6 441 •lp.Sn .. 0,007 -1P-*)n 0,005 +lp •2n 0,05 

31,0 375 +lp -Sn - -tp-9n - •lp +In ,0,14 

288,0 496 •lp ·3n o,ao -tp-7n 0,24 +lp •In 0,77 

53070 356 •1p ··In 1,0 -tp-Sn 0,43 -·· •lp•ln -
38,9 276 •lp "''" 260 -tp-Sn 1,10 •3p•ln 0,12 

287 268 •tp •In 1 90 -tp -Jn 1,54 •lp•Sn 0,018 

1,31 ISS •lp •Sn 0 001 -tp +In 0,33 -
307,2 487 +lp •6n - -1p +21'1 0,011 

4,2 185 +3p-4n 0,044 0,0007 +Sp On 0,0002 

6,3 132 •3p·Jn 0,120 - •Sp ~In 0,0006 

72 601 •lp-2n - 0,014 +5p•2n 0,005 

17 268 +lp-tn 1,10 D,23 +Sp•Jn 0,021 

9,0 448 +lp+1n, 0,50 0,15 •Sp•Sn 0,014 

34,4 255 +lp+ln 0,290 0,209 •Sp•Sn -
3360 165 •lp+ln 0,072 0,20 •5P+7n -
780 145 +lp+Srl <0,0009 0,001 ~sp.9n 0,0001 

33 293 +3p+7n . - c0,003 •5p•1tn -
0,54 499 -4p-14n 0,0006 

1,0 100 -4p-13n 0,003 

2,6 159 ... l.p-12n 0,012 . 
5,1 254 -4p·11n 0,023 

139 59 -l.p-9n 0,062 

1440 603 -4p-Sn 0,024 

93 615 -4p-2n 0,003 

1,6 ltl -l.p-lrt 0,0003 

8 
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5(cH1 ) 

·~-n~------------------~~~~~----~~r-------------------~ 

~-~----------~--------------~--------~------~~ 

-s 0 5 

PHc.2. HaoTonHbie pacnpeneneH!ut, nony'ieHHbie a peEiKUHSIX MHOI"'OHyKnoHHbiX 
nepena'i ( THnbi peaKUHi!: yKaaaHbi aa KpHBbiX) npH o6ny'ieHHH 

127 
I, 

133 Cs H 139 La HOIIBMH 22 Ne' c ::mepl"'Heli 170 Mae; KpHBbie, . ' . . . 
npoaeAei!Hbie 'iepea aKcnepHMeHTanbl!bie TO'iKH, npeacTaansnoT pac-
npeaeneaHe raycca: . 

1 (Ap-An)2 
W(A -A )= exp- -----. 

P n (2tra!) Y, 2a: 
9 



3KcrrepHMeHTanbHhie peaynbTaTbi 

· B Ta6nHue 1 ll8Hhi ce"leHHSI H30TOIIOB, rrony"leHHbie B llaHnofi· pa6oTe 

llnSI pa3nH"lHblX peaKUHfi MHOI'OHyKnOHHblX rrepella"l, 

Ha. pHC• 2 rrpellCTaBneHhi ce"leHHSI o6pa3oeaHHH paa~H"lHbiX rrpollyKTOB 

peaKUHil:, COOTB9TCTBYIOIUHX Cpb'!By C Slllpa MHIU9HH ~nH 3aXBa Ty IIOCnellHHM 

. 6 127 I 
·· paan~"!HOI'O ;Hcna IlpOTOHOB H aeii:TpOHOB IlpH 0 ny"leHHH Hll9P 

133 ' Cs H ,139 La HOHaMH . 
22 

Ne c aaeprHefi 170 Mae. npH yaenH"leHHH 

'IHClra rrepellaHHbiX IIpOTOHOB KaK B OllHY, TaK. H B' llpyryro CTOpOHy Ce"le

HHe yMeHbiUaeTcsr, Bee · rrpellCTaaneHHbie H30TOIIHhie pacrrpelleneHHSI rrpOllYK

TOB peaKUHfi MHOI'OHyKnOHHbiX IIepella"l llOCTaTO"lHO XOpOIUO OIIHCbJBalOTCSI 

rayccoBCKHM pacrrpe)lenenHeM: 

·i 1 
}V(A -A )= -rr- exp 

P n (2rra2)72 
X 

------, 
2 a 2 

X 

I'lle A P - aaH6onee ·aepoSITHaSI ,!'facca H30Torra llnSI llaHHoro THrra peaKuufi; 
2 

An Macca H30Torra, rrony"laeMaH .. B peaKUHH llaHHOI'O Tuna; ax -napa-

M9Tp IUHpHHbl H30TOIIHOI'O pacrrpe)leneHHSI, 

l13 paCCMOTp9HiiSI llaHHbiX, rrpellCTaBneHHbiX Ha STOM pHCYHKe, BHllHO, 

'!TO MaKCHMYM C9"l9HHSI H30TOIIHbiX pacrrpelleneHHil: COOTB9TCTByEh Macce, 

pacrr9no)l{eHHOii a6nH~H nan6onee cTa6Hnbaoro Stllpa H llHCrrepcHsr rro Macce 
. 133 22 

neaenHKa, ,TaK, narrpHMep, llnSI peaKUHH Cs( Ne ,-··2p ±.xn) I , . KOTOpOii 

COOTB9TCTByeT HaH60nblllaSI lllHpHHa H30TOIIHOI'O pacrrpelleneHHH, MaKCHMYM 

. . :..28 2) 127 
ce"leHHSI (2,4 • 10 . CM cooTBeTCTByeT o6paaoaanHro c.Ta6Hnbnoro · I 

B TO apeMSI, KaK BbiXOll H30TOIIOB 
134 

I H 
120 

I '(:~7 neii:Tponoa) yMeUb-

127 1 Bo n UlaeTCSI ITO OTHOII19HHIO K Bb!XOllY B pa3, Oll06UaH CHTyaUHSI HMe-

eT M9CTO H llnSI llPYI'HX KananOB peaKUHHI rrpellCTaBneUHbiX Ua pHC, 2,. 

Ha pHc. 3 rrpencTaaneabi H30TOIIHbie pacrrpeneneHHSI Hona, o6paaoaan-
taa 22 · · · • 

noro B peaKUHH Cs ( Ne, -2p ± x n)... rrpH. pa3HhiX. aaeprHSIX 6oM6apllH~ 

10 
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pylOIUIIX IIOHOB. Ha: p11c. 4 noKa3aHa 3aBIICIIMOCTb napaMeTpa m11p11Hhl 1130-

TOnHoro pacnpe.neneHHSI oT aHepr1111 IIOHOB Han KynoHoBCKII"' 6apbepoM, oT

HeceHHoa K Macce IIOHOB .nnsr Tpex TIIITOB peaKUIIfi nepe.natt, 

H3. PIICYHKOB BIIAH01 'ITO C !,BenlltteHIIeM aHepi'IIII HaneTalOIU9I'O IIOHa 

lliiiPIIHa 1130TOllHOI'O pacnpe.neneHIISI yBenll'liiBaeTCSI1 II MaKCHMyM pacnpe.ne

neHIISI nepeMeruaeTcsr. B cTopoHy oonee nerKIIX 1130TonoB. O.nHaKo np11 3Ha

'liiTenbHOM 113MeHeHIIII SHepi'IIII IIOHOB (oT 115 ,[(0 170 ~SB) BenllttiiH8 2u! 

n'epe.nattH MeHSieTCSI OT 5 13 ,[(0 11 '1,. 

B Taon11ue 2 .naHhl 3HatteHIISI napaMeTpa m11p11Hhl 1130TOnHhiX pacnpe

.neneHIIa ( u; ) 11. 3HatteHIISI H:a11oonee. BeposrTHofi MaCChi ( 1\, ) .nnsr .naHHo

ro Tllll8 peaKUIIII C ¢11KCIIpOB~HHOa Benii'!IIHOH nepe.naBaeMhiX llpOTOHOB, 

Ha p11c. 5 npe.ncTaBneHhiH30TOITHhle pacnpe.neneHII.st 11o.na, nonyttaeMo-
133 12 22 40 . 

ro B peaKUIISIX Tllna Cs( HI,-2p±xn)Ic IIOHaMII C Ne 11 Ar. 

Ha p11c. 6 .naeTcsr 3aBIICIIMOCTb napaMeTpa m11p11Hhl 1130TOITHhiX pacnpe.nene

HIIa OT MaCChi HaneTaiOiuei'O. IIOH8 AnSI pa3nii'!Hh1X peaKU!IH, Bee II3MepeHIISI 

npoBeAeHhl AnSI OAIIH8KOBOH. CKOpOCTII 'l8CTIIU Ha KynOHOBCKOM oapbepe 

·c E
1 

-Eb = 3,5 ~~~95~
HyKnoH 

. 
238 u 

.nnsr 1130TOllOB IIOAa 1. nonytteHHaSI llpll oonytteHIIII 

3JiatteHIISIMII MaCChi A 1 II aHepi'!fll E 
1 1 'ITO II B peaKUIISIX MHOI'OHyKnOH-

HhiX nepe.natt. 

BhiBO,[(hl 

1. BolopaHHasr MeTOAIIKa c IICnonb30B8HIIeM Ge(Li) y - cneKTpOMeTpa 

SIBnsreTcsr BeCbMa y.nooHofi .nnsr a3ytteHIISI !I30TOITHhiX p~cnpe.neneHufi aneMeH

TOB cpe.nHefi oonaCTII sr.nep, 00p83YIDIUIIXCSI B peaKUIISIX MHOI'OHyK.ilOHHhiX ·ne:. . . . ' . 
pe.natt. t.JyBCTBIITe.nbHOCTb MeTOA8 ll03BOnsreT C AOCTaTO'lHOH TO'lHOCTblO 

IIA9HT~¢11UIIpOBaTb npo.nyKThl peaKUIIH C CetteH!IeM oopa30BaHII&I > 10-31 
CM

2 

11 nep11o.naM11 nonypa:cna.na or 20 MIIH .no 2-x neT. 

11 
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Taonaua 2 • 
. 3KcnepaMeHT8nbHble 3H8'leHHR napaMeTpOB WHpHHbl f{lx

2
) . 

H30TOnHbi.X pacnpeneneHHil II H8H60nee. eepORTHOil M8CCbl 

·'· 

' . 
, nonyqaeMbiX B pa3nH'IHbiX peaKUHRX MHOrOHyKnOH-

HbiX nepena'l . 

.E;. 
2. 

Peatl..(u9 {M36) 
/1p 2b)( 

Cs13 3(Ne2~- 4p!x~)Sb 170 12110 813 !017 

Cs133 ( Ne2~ • 3p!Xn)Ce 170 137.0 413! 017 

cs133(Ne221 Op!Xn)Cs 170· 132.0 3.0 ~ 0.4 

.150 13215 214!:03 
., 

115 133,0 118! 03 

c5133(Ne221 •1p~Xn)8a 170 1332 4~1 !·o~s 

150., 13l6 3.4 t 0.5. 

115 134.0 2,6 !:03 

Cs133(Ne221 -2p!Xnli rio 12710 113 ! OS 

.150 . 12712 8,3!0.6' 

115 127.4 5.3 !0,6 

Cs133(Arf.O. -2~Xn) I 290 125.8 12.0~0.9 

. cs133(c12 I -2p!Xn)I so 128.6 6,8!018 

· x12'7 (~2~ +Sp!Xnlce 170 1]5,0 2.25~0.1 

{t71 ( NEf2 •. Op!Xn)l 170 126,0 310 !0.~. ·I 
r127 ( Ne22. +2p-+xn)Cs . 170 128.6 4' ! 0.3 

{Zl ( N~22. +3p!Xn)Ba 170 13110 4,3 !0,5 

t.J~Ne22 1 -1p!Xn)Ba 170 13614 710!: 0,5 

Lcii39(Ar40. -4p!XnH . 290 12312 812! 0.7 
' 

Pr141 ( Ne22 I -6p !Xn)I 170 12312 610 !0,6 

Cs 133(Ar'-O ~ 3 p! Xnlce. · · 290 136.0 5,0!0,7 

12 
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PHc.3. l13oTonHbie pacnpeneneHIHI Rona, nony'laeMoro B peaKUHH 
13

a Cs( a
2 Ne ,- ··2p_;txn) nnsi pa3nH'IHbiX aaeprHii aeoaa: 1. E 1 =170Maf3, 

2. E 1 =· 150 Maa, 3. E 1 = 115 Maa. B aepxueM npaBOM yrny 
naHa 3aBHCHMOCTb napaMeTpa IIlHpHHbl _H30TOllHbiX pacnpeneneHHH OT 
aaeprHH HaneTaromero noaa Han KynoHOBCKHM 6apbepoM, npnxonn
·meiicn aa onna HyKnoa. 

13 
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PHc.4. 3aBHCHMOCTb WHpHHbl H30TOUHb!X pacnpeneneHHfi OT 3H9pi'HH HOHS 

H8!1 ·KynOHOBCKHM 6apbepOM 1 npHXO]:IS!IIl9fiCll HS O!IHH HyKnOHo nHHHH1 

npOB9!1ElHHbl9_ 'iepe3 3KCnepHM9HTanbHhl9 TO'iKH 1 COOTB9TCTBYIOT pe-

8KUHllM: 

~ 
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. ''133 22 
1. ;

33
Cs(

22
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2. Cs(_ Ne,+p,+xn) Ba; 
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Pac.4, 3aB11CIIMOCTb ll111p11Hbl 1130TOIIHbiX pacrrpelleneHI!fi OT .9Heprl!l! IIOHa 

Hall ·KynOHOBCKI1M 6apbepoM, rrpaXOilS!IlleitcSI Ha Olli!H HyKnoH. naHKII, 

IIpOBSilSHHblS. 'iepe3 9KCIIepi!MSHTanhHbie TO'iKII, COOTBSTCTBYIOT pe-

8KUIISIM: 
. • 133 22 
1. ;

33 
Cs( 

22
Ne,-2p±.xn) I, 

2. . Cs( Ne,+p, +Xn) Ba, 
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. 3. Cs( Ne,Op±xn)Cs. 
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2. P_acnpeJleneHH g· c 

~HKCHpOBaHHOM ~Hcne npc 

JleneHHeM, ~TO.CBHJleTenb 

I'OHyKnOHHOii nepeJla~H SIB 

3. CneJlyeT OTMGTHT 

Hoe MPY- MHllleHH B . peay1 

OT HaOnJO.QaeMOI'O B OribiT• 

npoTeKaTb B .QBa sTana:_· . 

.Qa~a onpeaeneHHoro ~• 

'npoTOHOB yp. DpH aTOM c 

9Heprmo B030Y)K.QeHH511 KC 

HHSI X 2 n HeiiTpOHOB, 8 

HOii MaCChi .Qn51 .QaHHOii pE 

(cMellleHHe B ot5naCTb PTI 

.QeneHHSI SHepi'HH B030Y)KJJ 

UHH ITO.QOOHOI'O THITa, Heot 

Me MHOI'OHyKnOIIHOI'O OOM• 

. 4. Dony~eHHble 3Ha~ 

nepe.Qa~ naxo)l51TC51 B cor. 

/4 56/. . 
Te ' ' • BMeCTe c Te~ 

yMeJibllleHHe ce~eJIHSI ( ;,. 1 

He ITOJlTBep)KJlaeTCSI B Hall 

Dony~elUibJe HaMH .Q< 

llblX. KaHanOB peaKUHH 1 T.E 

"--., nieHH K . ~aCTHUe H Haot5op 

nx no.Q~HHSieTcn, KaK t5binc 

(rayccoBcKoMy pacnpeJlen 

, HblM 3Ha~eHHeM X C OITJ 

. 5. Mu:repecHo paceM 

KH 3peiiH51 HX HCITOnb30B81 

HO)le~HUIIT!IbiX H30TOITOB, 



co 
c:i 
= 0.. 

.,· ... 

2. Pacnpenenea:uSI cettea:ufi peaxuufi MHOI"oa:yxnoHHhiX nepe.l:ttl'I npu 

<iJHKCHpOBaHHOM. 'JHC1Ie npOTOHOB XOpOWO OnHChiBaiOTCSI l"ayCCOBCKHM pacnpe-

Jle1IeHHeM, 'I!O CBH)leTe.1IbCTByeT, nO-BHJlHMOMy, 0 TOM, 'ITO. npOUe?C MHO

l"OHYK1IOHHOfi nepe)la'JH SIB1ISieTCSI CTaTHCTH'JeCKHMo 

3. CnenyeT OTMSTHTb, 'ITO 'JHC1IO HefiTpOHOB, nOTepSIHHOe H1IH nepe)laH

HOe SillPY MHWeHH B pesynbTaTe. npSIMOfi peaKUHH, · MO)I{eT OhiTb OT1IH'JHhiM 

OT Ha01IIO)laeMOI"O B OnhiTe, T.K. peaKUHSI MHOI"OHYK1IOHHOfi nepeJla'JH MO)I{eT 

npoTeKaTb B JlBa sTana:. Ha nepBOM npoucxonuT o6MeH, oTphm n:Jtn: nepe-

natta onpeneneHHOI"O ttn:cna HefiTpOHOB x 1 n C 3a)laHHhiM 'JHC1IOM 

npoToHOB yp. ITpn: sToM o6pasoBaBwn:ecSI SIJlpa npn:o6peTaiOT onpenenennyiO 

SHepl"HIO B030Y)KJleHn:SI, KOTOpOfi MO)I{eT OKa3aTbCSI JlOCTaTO'JHO Jl1ISI HCnape-

HOfi MaCChi Jl1ISI )laHHOfi peaKUHH OT SHepl"HH H MaCChi • nanaiolllHX HOHOB 

( CMemea:ue B o6nacTb oTpn:uaTenbHhiX 3Hattean:fi xn ) • Onnaxo Jl1ISI onpe

neneun:SI sa:epl"n:n: Bosoy*JleHn:SI, npn:oopeTaeMofi SillPOM n· pesynbTaTe .peax

un:n: nono6Hol"o Tuna, HeooXOJlHMhi onpeneneHHhie npennono*eHn:SI o Mexaa:n:s

Me MHOI"OHYK1IOHHOI"O OOMeHa • 

. 4. fi onytteHHhie 3Ha'JeHHSI nonHh.IX cetteHn:fi peal{UHH MHOI"OHYKlxOHHhiX: 
. .• 

nepeJla'J HaXO)lSITCSI B COI"1IaCUH C JlaHHhiMH, npeJlCTaB1IeHHhiMH B. paoo-

/4 56/ 
Te 

1 
' • BMeCTe C TeM B ST.HX paooTaX Ha01IIO)la1IOCb. CylUeCTBel!HOe 

yMeHbwea:ue cetteHHSI ( "100 pas) Jl1ISI npoueccoB Tuna (:!;YP· :;x.n) , 'ITO 

He ITOJlTBep)KJlaeTCSI B HaWUX OnhiTaX. 

flonytteHHhle HaMil JlaHHhie CBHJleTe1IbCTBYIOT 00 OTCyTCTBHH Bhl)leneH

HhiX. KaHa1IOB peaKUHli, T.e. BepoSITHOCTb nepeJla'IH HYK1IOHOB OT SI)lpa MH

uieHH K ttacTuue a HaooopoT, a ~aK)I{e onHoBpeMenHo B 'o6oux Hanpannean:

stx nO)l'JHHSieTCSI, KaK 6hi1IO noKa3aHO BhiWe, HeKOTOpofi o6wefi 3aBHCHMOCT,H 

(l"ayccoBCKoMy pacnpeneneHn:IO, xapaKTepn:syeMoMy nuwb 11an:6onee BepoSIT-

·llhiM snattea:ueM x · c onpeneneHHofi nacnepcn:efi a: ) . 
5. I1HTepeCHO paCCMOTpeTb peaKUHH MHOI"OHYK1IOHI!h1X nepeJla'J C TO'J

KH 3peHHSI HX HCn01Ib30BaHn:SI Jl1ISI nonytteHHSI HeHTpOHOH30hiTO'JHbiX H aefiTpO..; 

HOJletpn:UHTHbiX H30TOnOB. 

17 
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Pl!c,7. Ce'!eH!Ie o6paaoaaH!ISI l!3oTorroa liOAa a Ka'!eCTBe rrponyKTOB SIAepHbiX 
peaKUllil rrpll o6ny'leHI!Il 

139 La npoToHaMI! c sHeprl!eii 590 Msa 
( oTKpbiTbie TpeyronhHliKI!); 127 I liOHaMI! 22 Ne c sHeprllell: 170M sa 
(peaKUI!SI Op ±. xn OTKpbiTbie KaanpaTbr); 

133 Cs I!OHaMll' 
22 Ne 

c sHepr!Iell: 170 Msa (peaKUI!SI -2p :~;.xn qepHbie TpeyronhHI!Kll); 
23su ( ) 2•s IIJlOTOHSMI! c sHeprl!ell: 590 Msa OTKpbiTbie KPYlKKll ; · U 

liOHSMll 2 Ne c SHepr11eii 170 Msa ( '!epHbie TO'!Kll). 

18 
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l13 .ll8'HHbiX, pony 

M8CCOB8R .llHCnepCHR 

Mpa MHIUeHH OK83biB81 

nonyqeHHR .ll8JleKHX OT 

lOT He. llOJlHbie M8CC0Bl 

B nepe,ll8BaeMOM KOMllJ 

.Hue npO.llYKTOB •. KaK y; 

pacnpe,lleneHuii co(:>Tne~ 

6HJlbHOrO R.llpa H .llHCllE 

H30TOllHhie pacnpe.llene 

.KOTOpbiX BH.llH01 qTo 

HyKJIOHHbiX nepe.llaq .3H. 

He!!:TpOHO.lle!flHUHTHbiX1 1 

0.llH8KO He HCKJlK 

(A> 100) c BbiCOKOH': 

BeHHO yneJiuqHTCR, qTc 

IUeCTBa no cpaBHeHHID 

Mbr npu3HaTenbm 

K pa6oTe, ITO.ll.llep)I{Ky ¥. 

ABTOpbr 6naro.llap 

Hony 38 npuroTonneHHE 

HHRX npO.llYKTOB peaKU~ 

IUyKOBOH 38 npurOTOBJlE 

Ke pe3y;nbTaTon. 

1,. R.Kattfmann, R. '1./1(· 



R 
:TBe npoAyKTOB S!llepHblX 
: sHepr11ell 590 MsB 
2 Ne c sHepr11ell 170M sa 

' Cs noHaMI!' 
22 Ne 

qepHbie TpeyronbHIIKII); 
pbiTbie KPY>K!'II); 

2~s U 
e TO'IKI!), 

l 

I 

l13 .QaHHbiX1 ITOlly'ieHHbiX B HaCTOSIIUeli: pa6oTe 1 BII.QH01 'iTO ITOIIHaSI 

MaCCOBaSI .QIICnepCIISI npo,nyKTOB peaKUIIIi: nepe.Qa'iii OTHOCIITellhHO MaCChi 

SI.Qpa MIIIUeHII OKa3biBaeTCSI .QOCTaTO'iHO 60llhlUOii:, 0,nHaKO C TO'iKII 3peHIISI 

nony'ieHIISI AalleKIIX OT IIIIHIIII cTa61IllhHOCTII II30TonoB IIHTepec npe.ncTaBIISI

IOT He. ITOIIHbJe MaCCOBhie .QIICnepCIIII1 a COOTHOllleHIIe npOTOHOB II Heli:TpOHOB 

B nepe,naBaeMOM KOMnlleKCe HYKIIOHOB IIIIII 1 TO'iHee 1 II30TOITH0e pacnpe,nene

. HIIe npo.nyKToB. KaK yMe roBopiiiiOCh Bhillle, MaKCIIMYM ce'ieHIISI II30TOITHhiX 

pacnpe.neneHIIIi: cooTBeTCTByeT Macce, pacrronoMeHHoll: B61III31I Haii6onee cTa-

6IInhHOro S~.Qpa II .niicnepciiSI no Macce HeBeliiiKa. Ha piic. 7 npiiBOllSITCSI 

II30TOITHble pacnpe,nelleHIISI IIO.Qa 1 ITOlly'ieHHOI'O B pa31III'illb!X peaKUIISIX1 II3 

.KOTOpb!X . BII.QH0 1 'iTO B 9TO!i: 061Ia-CTII SI.Qep IICnOllb30BaHIIe peaKUIIIi: MHOI'O-

HyKIIOHHb!X nepe,na-q 3Ha'iiiTellhHO ycTynaeT ,npyi'IIM MeTO.QaM nony'ieHIISI KaK 

Heli:TpOHOllecimUIITHbiX1 TaK II Heli:TpOHOII36~ITO'iHbiX II30TOITOB, 

0.nHaKO He IICKIIIO'ieH01 'iTO npll IICITOllh30BaHIIII 6onee TSI:lKellbiX IIOHOB 

(A> 100) c BhiCOKoll: sHepriiell: llliiPIIHa II30TonHoro pacnpe.neneHIISI. cymecT

BeHHO yBeliii'iiiTC511 'iTO MO:lKeT .QaTh 9TIIM peaKUII~M onpe.nelleHHhle npeiiMY

IUeCTBa no cpaBHeHIIIO C_.Qpyi'IIMII MeTO.QaMII CIIHTe3a II30TOITOB, 

Mbl npii3HaTellhllbl aKa.QeMIIKY r .H. c!>nepoBy 3a 6onhlUOe BHIIMaHIIe 

K pa6oTe1 no,n,nep:lKKY II UeHHbJe 3aMe'iaHIISI, 

ABTOpbl 6naro.napHbl 3.r. fpiiT'ieHKO, r.l1. MaKapOBOil: II A.B. Ciena

HOBY 3a npiii'OTOBlleHIIe BeiUeCTBa MIIIUeHII II ITOMO!Uh B XIIMII"<IeCKIIX Bbi.Qelle
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