
op- f-16 
OS'bEllHHEHHblti 

HHCTHTYT 
.RllEPHblX 

HCCnEllOBAH H Yf 
-lly6aa. 

P7 - 6093 

' r .H .«PJiepoa, C .A. KapaMliH, r .C. lloneKo, 

A .r. noneKO, ".A. UleJiaeB 

PEAKUHH OBPA30BAHHH 

, COCTABHOrO H,lJ;PA 

C YCKOPEHHMMH HOHAMH KCEHOHA 

~ 
·_~_.---



P7 - 6093 

r .H .~JiepoB, c .A 0 KapaMHH, r .c 0 noneKO, 

A .r. lloneKo, H .A. WeJiaeB 

PEAKUHH OBPADBAHHH 
COCTABHOrO H,ll;PA 

C YCKOPEHHYMH HOHAMH KCEHOHA 

HanpaBJit>Ho B HiD 

061.e.JlEHe~I! I!?.C'i12'1;,7 t 

uepma IIUJI~JJ.::-:i.;rL~ ~ 
6W6J¥Vfc·-.- ;::::~ f :\ . 



¢H3HKa B33HMOD.eMCTBHH CJ!OfKHbiX HD.ep - OD.HH H3 H3H6onee HHTeHCHB

HO pa3BHBaiOIUHXCH B rrocnen.HHe ronhi pa3nenon HnepHOM cpH3HKH. B HD.epHbiX 

peaKUHHX C yCKOpeHHbiMH THlKBJ!biMH HOH3MH BITepBhiB o6!JapylKBHhi HOBbie BH-

Ll.bi p3D.H03KTHBHOCTH, CHHT83HpOB3Hbi HOBLie '3JieMeHThl H H3Y'IBHhi HOBbie cpH-

3H'IeCKHe HBJIBHHH. nporpeCC cpH3HKH THiheJ!bJX HOHOB Hepa3ph!BHO CBH33H C 

COBepmeHCTBOB3HHBM YCKOpHTeJibHOM TeXHHKH 1 ITOBbiiUeHHervf HHTBIICHBHOCTH 

rry'IKOB H ycKopeHHeM Bee 6onee H 6onee THlKenwx >~nep. B rrocnen.HHe ron.w 

6wna CcpOpMynHpOB8Ha 33Ll.3'I3 C03D.BHHH YCKOpHTBJIH 1 IT03BOJIHBIUero 6w yc-

KOpHTb HOHhl BCeX 8JieMeHTOB rrepHOJlH'IeCKOM CHCTBMLI BITJIOTb D.O ypaHa, H 

BO MHOrHX CTpaHaX MHpa HB'IBTO rrpoeKTHpOBBHHe H COOpylKeHHe TBKHX Ma-

WllH. l1HTepeC K yCKOpBHI-!10 O'IBHb THlKBJibiX HOHOB 1 TBKHX K3K KCellOH 1 OCO-

6ellHO B03pOC B CBH3H C TeopeTH'IeCKHM npeD.CK333HHeM Cy!lleCTBOBBHHH OCT

pOBB CT36HJ!bHOCTH B 06JiaCTH CBepXTHlKeJihlX aneMeHTOB Z 0 110 H npen.no

/1/ 
lKBHHBM 1 BITepBhlB BhlCKB33HHhlM B 1964 ron.y 1 06 HCITOJib30BBHHH p~3KUHH 

Ll.BJ!eHHH HLJ.Bp O'IeHb THlKeJ!biMH HOH3MH 1 K3K MeTOD.e CHHTe3a H30TODOB H 

8JIBMBHTOB 1 B TOM 'IHCJ!e H aneMeHTOB H3 HOBOM o6naCTH CTa6HJibHOCTH. 8 

pe3yJibTaTe JlBT3JibHOro H3y'IeHHH B na6opaTOpHH HD.BpHNX peaKUHM B ily6He 

JlB~BHHH HJlep THlKBJll~MH HOH3MH YD.3JIOCb Ha OCIIOBB 8KCTp3DOJIHUHM 8KCDB-

p11\18HT3llbHbiX LJ.3HHLIX KOJIH'IBCTBBHHO OUBHHTb CB'IBHHH o6pa30B3HHH CBepX-

3 



TSilKeJibiX 9JieMeHTOB B peaKUHSIX AeJieHHSI SIAep ypaHa yCKOpeHHbiMH HOHaMH 

/2/ 
KCeHOHa H ypaHa , floJiy'leHHbie OUeHKH ri03BOJlSIIOT HaAeSITbCSI Ha ycrrew-

Hblll CHHTea CBepXTSIJKeJibiX :aneMeHTOB B peaKUHH 
238 U ( 136 Xe, f ) . 

B 1971 roAy B JHIP OYIHYI 6b!Jl ocywecTBJieH rrpoeKT coeAHHeHHSI ABYX 

UHKJIOTpOHOB Y-300 H Y-200 AJISI rrony'leHHSI ycKopeHHhiX HOHOB Xe c :aHep-

rHefi, AOCT8TO'lHOll AJISI rrpoTeKaHHSI SIAepHbiX peaKUHfi, 0AHH H3 Jiy'lWHX B 

MHpe Ha cerOAHSIIllHHfi AeHb YCKOpHTeJiefi TSilKeJib!X HOHOB - KJ18CCH'leCKHll 

UHKJIOTpOH Y-300 B 9TOM CJiy'lae HCriOJlb3yeTCSI KaK HHJKeKTOp, A810IllHll rry-

'IOK BOCbMH- HJIH AeBSITH38pSIAHbiX HOHOB KCeHOHa C 9HeprHefi 0,88 

H 1,19 M:aB/ HYKJIOH COOTBeTCTBeHHO, fl OCJie BBO)l8 Tiy'!Ka B H30XpOHHblll UHKJIQ

TpOH Y-200 H o6AHPKH 'laCTHU Ha aJIIOMHHHeBofi !jlonbre rrpoHCXOAHT ycKopeHHe 

HOHOB ITOBbiilleHHOll aapSIAHOCTH AO KOHe'lHOrO paAHyca Y-200, 8 aBrycTe 

1971 roAa 6bm anepBbie rrony'leH rry'loK ycKopeHHhiX HOHoa
132Xe c :aHepruefi 

- 6 M:aBIHyKnoH. YcKopeHHe KCeHoHa Ha TaHAeM-UHKJIOTpOHe flHP OYIHH 
/3/ 

OriHC8HO B 

B HaCTOSiwefi pa6oTe coo6waeTCSI o Ha6JIIOAeHHH rrepaofi HAepHofi peaK-

UHH C yCKOpeHHbiMif HOHaMH KCeHOHa, 

3KCriepHMeHT H pe3yJibT8Tbl 

flpOH3BOAHJIOCb o6Jiy'leHHe TOJICTOll MHilleHH H3 MarHHSI ecTeCTBeHHOrO 

H30TOITHOrO COCTaBa Ha BHyTpeHHeM rry'!Ke UHKJIOTpOH8 Y-200 HOHaMH 

lnxe+26, CxeMa onhrTa rroKa3aHa Ha puc, 1. flonynpoBOAHHKOBhifi rroBepxHOCT

Ho-6apbepHhifi AeTeKTOp perHCTpHpOBaJI 'l8CTHUbi 0 paCCeSIHHbie Ha TOHKOfi !jJOJib

re H3 30JIOTa, H SIBJISIJICSI MOHHTOpOM rry'lKa, MuweHb 6b!Jla :aneKTpH'leCKH 

H30JIHpOBaHa H CJIYlKHJia KOJIJieKTOpOM TOKa riy'lKa, flocne 15-'!aCOBOrO o6ny-

8 
'leHHSI riOTOKOM 'laCTHU HHTeHCHBHOCTbiO - 10 1/ceK ripOH3BOAHJIOCb H3M9-

peHHe y -aKTHBHOCTH, HaKorrneHHoi!: B MHWeHH c rroMOllibiO Ge( Li) -rrony

rrpoBoAHHKOBoro A9TeKTOpa o6~eMOM 30 CMS C 9HepreTH'l9CKHM paapeweHH

eM 3,5 K:aB no JIHHHSIM 
6° Co 
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B pe3yiTbTaTe peaKUHH o6pa3oBaHHH cocTaBHoro Hapa c HcnapeHHeM 

HeM:TpOHOB 24 Mg(I 32Xe,3-5n) o6pa3yJOTCH H36TOIThi JS 3 -JSJ Dy , uerrH pac

naaa KOTopbiX npHBeaeHbi B Ta6n, l, Ha pHc, 2 rroKa3aH y -crreKTp, nony

'IeHHhiH '!epe3 7 'I8COB ITOClle OKOH'IBHHH 061ly'IeHHH 38 BpeMH H3MepeHHH 

3,5 'laca, CrreKTp BeCbMa 6oraT y -nHHHHMH, 6onbll1HHCTBO H3 KOTOpbiX 

OAH03H8'IHO HAeHTHiiJHUHpyeTCH KaK y -rrepeXOAbi, rrpHH8A1le)l{all1He yKa38HHbiM 

H30TOIT8M AHCITp03HH H HX AO'IepHHM rrpoayKTaM, B CrreKTpe T8K)I{e HAeHTH-

IiJHUHpOB8Hbl Y -1IHHHH 1 rrpHH8A1le)l{8ll1He H30TOIT8M raa01IHHHH1 o6pa30B8HHblM ~~ 

B peaKUHHX ( 
132

Xe, a xn ) , llocT8TO'IHO BbiCOKHH ypoBeHb Y -aKTHBHOCTH 

IS2o IS2 Tb lSI Tb 
rr03B011Hn aeTanbHO npocneaHTb pacnaa H30TOITOB Y 

IS3fb , Ha pHC, 3 ITOK838Ha 38BHCHMOCTb HHTeHCHBHOCTH OCHOBHbiX y -rre-

peXOAOB H30Torros JS 2c:Jy JS 2 Tb , lSI Tb oT BpeMeHH, 3KcrrepHMeH-

T81lbHO ITOny'IeHHbie 3Ha'IeHHH rrepHOAOB rronypacrraaa 3THX H30TOITOB HaXo-

/4/ 
AHTCH B XOporueM cornaCHH C Ta61IH'IHb!Mil A8HH!.IMH , B Ta61IHUe 2 SHep-

rHH H OTHOCHTellbHble HHTeHCHBHOCTil y -1IHH11H 1130TOITOB Tep6HH1 rrony~eH

Hhle sKcnepHMeHTanbHO, cpasHHBaJOTCH c Ta6nH'IHI.IMH aHa'IeHHHMH. Ha6n10-

aaeTCH Herrnoxoe cornac11e B npeaenax TO'IHOCTH sKcrrepHMeHTa npaKTH'IeCKH 

ang scex y -nepexoaos, 'ITO B aononHeHHe K H3MepeHHHM nepHOAOB rrony

pacnaaa CBHAeTellbCTByeT 06 OAH03H8'IHOCTH HAeHTHiiJHK8UHH, 

i1CIT01lb3YH H3MepeHHhle 3H8'IeHHH HHTeHCHBHOCTH y -nHHHH B crreKTpax, 

MO)I{HO OUeHHTb Ce'IeHHH peaKUHH 1 rrpHBOAHlliHX K o6pa30B8HHIO COOTBeTCTByJO

lliHX H30TOITOB, 0aHaKO TO'IHblH pac'IeT Ce'leHHH 38TpyaHeH OTCYTCTBHeM 

132 
aKcrrepHMeHTallbHbiX 38BHCHMOCTei1 npo6er-aHeprHH anH HOHOB Xe B Mar-

HHH 1 He O'IeHb BbiCOKOi!: TO'IHOCTb!O H3MepeHHH TOK8 rry'IK8 H Heo6XOAHMOCTbiO 

aenaTb onpeaeneHHbie npeanono)l{eHHH o sHae .PYHKUHH no36y)l{aeHHH Ka)l{aoM: 

H3 peaKuHM: HCrrapeHHH S-5 HeflrpoHoB rrpH o6ny'IeHHH 
24 Mg HOHaMH 

132 
Xe 

KpoMe Toro, anH H30Torros JS 2·Dy 11 IS2T OTCyTCTBYIOT llHTepaTypHble 

A8HHbie 06 a6C01IIOTHOM BbiXOAe y -KB8HTOB AllH BCeX nepeXOAOB 1 'ITO He 

IT03B011HeT pacc'IHT8Tb Ce'IeHHe peaKUillf 
24 Mg (132Xe,4n) • nng M8KCH M81lbHb!X 

ce'!eHHH peaKuH1!: 24 Mg( 132Xe, 3n) 11 24 Mg(132Xe,5n) 6bi1IH rrony'IeHbi 3Ha-

6 



r
-
~
-
-
-
-
-
-
-
-
~
-
-
-
-
-
-
~
-
-
-
-
~
-
-
-
-
-
-
-
-
-
-
~
~
~
-
-
-
-
~
-
-
-
-
-
-
~
-
-
-
-
-
-
~
-
-
-
-
-
.
~
~
·
-
-
-
-
-
-
-
-
-
-
~
-
-
-
-
-
-
~
-
-
~
~
 

-.
) 

T
a6

n
H

u
a 

1 
1

5
3

-1
5

1
 

U
er

rH
 

pa
cr

ra
A

a 
H

3
0

T
O

IT
O

B
 

D
y 

I} 24
 N

 rm
x e;

 Jh
) ~]

J!:
I 

. 
~ 

'\_
EC

,J3
+li

/2=
 6,

4 
E.

r(K
3&

)=
81

; ~0
0; 1

~8; 
2.

45
; 2

S5
 

f6
3T

G
 ~c

.~
+ 

T
1 /a 

S5
'1J

co
S 

E
r(K

36
) =

83
; 1

f0
; 1

70
; 2

.1
2.

;e
5o

;3
30

; 8
80

 
f5

3G
a 

:_
.[.

CJ
3+

 7
ijz

 ·
2~

2.
 o

H
9

 

fS
3 

Eu
 

C) 
z~

 N
 [1

3%
 ·lt

n }1
52]

!:1
 

9 
' 

\_
 E

C
,f/

 
Tt

/z 
•2

,4
1.

/Q
ca

 
E~·

2.5
7tr

38 
15

2T
S \ 

EC
)~

+ 
Tt

/z 
=1

8,S
'4Q

CQ
 E

1(
k3

&
)=

27
(,3

44
;4

u;
58

6;
62

J;
 7

79
; 9

74
 

t51
.G

a ~
 

0
( 

1i
/2

. •
10

 1 '1/
le

l"f
f 

1s
t. 

Eu
. 

3)
 z

4 M
 ('

J':
Xe

;Sn
 rs

i]
r:
~ 

~ 
' 

f+
 7

i/
z:

 f8
M

JH
!:I

m
 

E1
 :'

ff6
tc

36
 

1.
51

76
 

16
1\ 

EC
, p

t T
1 /z

 •
 f
9
~
 E

¥(
1C

3G
)=

.f0
8;1

80
;19

2.;
zs

e.;
 2

88
. 

Ge
t 

.. 
-r

 
.• 

"')
u 

Ec
, p

 o
/2

.•-
te

og
ue

U
 



Ta6nuua 2 

Cpasaeaue 9KCnepuMearanbH~x u ra6nuqa~x aaHH~x anH aaepruu 

H OTHOCHTenbHOH llHTeHCHBHOCTll y -nepeXOllOB DpH pacnaae 

H3oronos 153 - 151 Tb , 151 • 152 Dy *- orr-.teqeHbi nepexoabi, 

KOTOpbie HCDOnb30BanHCb anH HOpMllpOBOK 9r~CrrepHMeHTanbHHX 

3HaqeHHl'I Bb!Xoaa Y -KBaHTOB K ra6nuqHb!M aaHHbiM, 

U30TOn mati/1U4Hbe OOHHae 13/CCn&:X. - ..... ~d.,...,. 

Ttfz E'K(K~) 
0rt1KJCUfJ)eJJD9 

t1 Ttj2 £ x{K3G) Om:::£~· 
UHmf~Ha.& '(fUIIi •urAJrt· ,1 ... 

f5f]J';j IBHH~r f~S 9~ - 1~6 --
151 T6 · 19'DOJS -180 18 {f8t2)- 181 -t5 !7 

192 4 192 7,514.0 

2.88 32 2.88 32 ,, 

152]~ 2,4YQCQ 2.57 -(()() (2,55f0,15} 2.57 --
..oca 

-ISZ T8 f8,5'tQXl ~4 fOO { t8t2)'GCO .3# 100~ 

4u 6 412. 8.0t.3 r, 

586 14 581 f6t.5 

779 14 778 12.±5 

974 10 973 12.t5 

mrs 55'«lal6 83 11 (6Dt5)~ Sit l"'t~ 

f70 9 no 7t.3 

212 .30 212. JO• 
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{{)()() 

0 100 .200 600 N KOf.Q(lQ 

P11c, 2. ArrrrapaTypHhiH y -crreKTp Ma'rHHesoii MHIIIeHH 'lepea 7 qacos rrocne 
OKOH'IaHHSI o6ny'leHHSI. faMMa-nHHiflf 152 Dy 11 152 Tb c aHepi'HSIMH 257 
11 344 Kas yMeHbllleHhi s 'leThipe paaa. 
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( 

qeHHR 250 H 240 M6apH s npeanono*eHHH 0 qTo ~YHKUHH soa6y*aeHHR aTHX 

peaKUHii HMeiOT sHa KpHSbJX faycca C WHpHHOii Ha· nonosHHe SbiCOTbi 12 Mas 

S WKane 9HeprHii soa6y*aeHHR COCTasHoro Rapa. nng pacq~Ta HCITOnb30Sa

nHCb aHaqeHHR yaenhHbiX noTepb HoHos 132 Xe , Ta6ynHposaHHbie HopTKnH~ 
/5/ 

~ • OpH sbJqHcneHHRX He yqHTbiBancR sKnaa peaKUH:H Ha H3oTonax 25 Mg 

H 26 Mg s nonHbii!: SbiXOa H30TOITOs
153 - 1510y • 

no nopgaKy senHqHHbi nonyqeHHbie aHaqeHHR ceqeHH:H cornacy10TCR c 

ceqeHHRMH, 06bJqHo Ha6n10aaeMbiMH anR peaKUHi!: HCITapeHHR HeiiTpOHOs H3 
/6/ . 

COCTasHOrO gapa (eM., HanpHMep, ). 0aHaKO TOT ~8KT 0 qTo nonyqeHHOe 
24 132 ) 

3HaqeHHe ceqeHHR peaKUHH Mg( Xe,Sn He rrpesocxoaHT ceqeHHe peaK-

UHH HCITapeHHR Tpex Hei!:TpOHOS 0 IT03sOnHeT caenaTb SbJsoa, qTo MBKCHMBnb-

132 
H8H aHeprHR HOHOS Xe COOTseTCTsyeT aHeprHH soa6y*aeHHR, ITpH KOTo-

po:H ~YHKUHR soa6y*aeHHR peaKUHH ( 132Xe, 5 n ) He aoCTHraeT M8KCHM,YM8o 

0TC!Oaa MO*HO OUeHHTb 9HeprHIO HOHOS 
732Xe (640±_40) Mas, qTo He 

CHnbHo oTnHqaeTCR oT pacqeTHo:H aHeprHH 132 Xe +26 Ha paaHyce ycKope-

HHH 85 CM s UHKnOTpOHe Y-200. CneayeT OTMeTHTb, qTo ysepeHHOe HCITOnb-

30S8HHe anR p~aKUHH 24 Mg (132 Xe, x n ) o6biqHbiX anR peaKUH:H cocTasHoro 

Rapa napaMeTpOS WHpHHbl ~yHKUHi!: soa6y*aeHHR H nono*~HHR HX M8KCHMy

MOS snonHe 060CHOS8HO. neHCTSHTenbHO, S CHCTeMe UeHTpa HHepUHH HeT 

HHKaKoro paanHqHR Me*aY pealfUHei!: 24 Mg (' 32Xe, x n ) H o6paTHo:H peaKuHe:H 

132 Xe ( 24 Mg , xn } • nocneaHRR *e He MO*eT 3HaqHTenbHO OTnHqaTbCR 

ITO XapaKTepHCTHKaM OT peaKUHii, HanpHMep, C HOH8MH 22 He 0 KOTOpbie 

xopowo HayqeHbi. 

Ocaosao:H peaynhTaT aaaaoi!: pa60Tbi aaxn10qaeTCR s Ha6n10aeHHH nep-

SOH HaepHO:H peaKUHH C yCKOpeHHbiMH HOH8MH KCeHOHa. 

AsTopbi 6naroaapHbi LM. Tep-AKOITbRHy, E.B. <l>e~Hnosy aa noMOIUb 

s coaaaHHH annapaTypbi If C. Xoi!:HaUKOMY aa noneaHoe o6cy*aeHHe. Bbmon

HeHHe aaHHOH pa60Tbl CTano B03MO*Hb!M TOnbKO 6naroaapR orpOMHOMY Tpy

ay, snO*eHHOMY S ycKopeH.He HOHOS KCeHOHa H8 TaHaeM-UHKnOTpOHe J1.HP. 
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Mb! rny60KO 6naf'OJlapHbl KOnneKTHBY 8BTOpOB rrpoeKTa yCKOpeHH51 HOHOB 

KCeHoHa B.C. An<Peeay, E.A. 3arepy, C.YI. Koanoay, YI.B. Konecoay, 

B.H. MenbHHKOBy, P.ll. OraHeC51HY, IO.ll. OraHeC51Hy, B.A. LJ:yrpeeay, a TaK

lKe Ha'lanbHHKaM CMeH ycKopHTeneii Y-300 H Y-200 aa HX 'leTKYIO pa6oTy 

rrpH rrpOB91l9HHH 3KCil9pHM9HTa C HOH8MH KCeHOHa. 
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