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AneKcaHAP08 m.A. ~ AP. P3·80·34 
nO~CKH 3~eKTa OAHOn~oHHoro 06MeHa npH paCCeftHMM 
HeHTpOHOB H~3M~X 3HePrMH ftApaMM 

npoBeAeHW ~3MepeHMft yrnoBoH 3aOHCHMOCTH paCCeftHHR 
KH1lO311eKTPOHBOl1bTHWX HeHTpoH08 Ha He~eTHWX "Apex In, J, 
B1 H Ha coceAHHx, npeHMyU\ecTBeHHo 4eTHWX "Apax Cd, Te. Pb. 

06Hapy*eHo 20-30% pa3nH~e p-aMnn~TYA ~ccneAOBaHHWX nap 
RAep ~ o6CY*AaeTcR B03MO*HOCTb Toro, ~lO 3TO pa3nH~~e 
06ycnoBl1eHo OAHonHOHHWM 06MeHOM Me*AY HaneTa~HH HeATPOHOM 
H He~eTHWM HYK110HOM RApa. 

Pa60Ta 8wnonHeHa 8 flafiopaTopHH HeHlpoHHOH ~3HKH OHRH. 

npenpHHT ()(i'HAllHe-oro "H~THTYTD IIAOP....K I4Cc.noAO •• t!H~ . AY6H. 1980 

Aleksandrov Vu.A . et a1. P3·80-34 
Search for the Effect of Excnange 
at the Scattering of tow ut ronS 

1. B nocneAHHe rOA~ B caRSH C HHTeHCHBH~M o6cY~AeHHeM aHO
MaflbHblX COCTOAHHI1 AAepHoro Bel1.\eCTaa / TT -KoHAeHca~I1R. cBe px
nnOTHble AApa, HeATpoHHble sBesAbI H AP./ YCHnl1na Cb nOTpe6HocTb 
B SHaHI1H HYKnoH- HYKJ10HHOrO BsaHMoAeiicTBHR B f1AepHOI1 cpeAe, 
KOTopoe Mo~eT OTnH~aTbCR OT AocTaTo~Ho xopowo Hsy~eHHoro BsaH 
MOAei1cTBHR Me~AY HYKno HaMI1 a BaKYYMe. KaK HaM npeACTasnfleTCfI, 
HeKOTop~e c seAeHHfI 06 OAHOn l10HHOM o6MeHe . OTBeTCT BeHHOM 3a 
f1 AepHOe B3al1MOAel1CTBHe H8 60nbwHx paCCTORHHflX, MO~HO I1SBne~b 

H3 o nbtTOB no paCCeR Hl110 MeAn e HH blX Hel1TpOHOB RApaMI1, rAe c y
l1\ec TBeH Ho TOIlbKO s- H p-pacceR HHR. MO)l{HO o~HAaTb, 4TO n pH 3Hep
rHH Hel1TpOHOB nopRAKa HeCKOflbKHX AeCRTKOB K3B OCHOBHOA BKJ1aA 
B p - pacceRHHe H3-3a BIlHR HHR ~ eHTp06e~Horo 6apbepa. npenRT
CTBYIOl1\e r O c6IlH~eHHIO Hel1TpOHa C RAPOM, AOfl~HbI BHOCI1Tb CHllbt 
C 6 0 IlbWI1M p aRHyc oM Aei1cTBHR. B pe3yn bTaTe I1Me HHO OAHOnl10HHblI1 
o6MeH. o6ecne~I1B alO~Hi1 s3aHMOAel1CTBI1e Ha 60IlbWHX paCCTOR HI1RX, 
Mo~eT OKasa T bCR BbiAeneHHbiM. C APyro~ CTOpOHbI, HeTPY AHo y6e
AH TbCfI , ~TO sKIlaA OA HOnl10HHOrO o 6Me Ha s p acc eAHHe HYKIl oH a 
~eTHo- ~eT HbiM RAPOM B TO ~HOCT~ p aaeH HYIl~, T. K. OH onpe Ae n R
eT CR wn YPOM MaT pH~~, cOAep~a~eR o ne p a Top cnH Ha. n 03TOMY Ha 
4eTHO- 4eTHOM RA pe p -pacceAH~ e 06YCIlo s n e HO APyr~ M~ npo~eccaM~, 

OTIlH4Hbl MH OT OAHo n HOH Horo 06MeHa . 3T~ co06p a~eH~R Aa~T OC HOBa
H~A npeAnOJlO~HTb , 4TO H3MeHeHJ.1e aMnn HTYAbl p - p acceAHHR npH 
nepexoAe OT 4eTHO- 4eT Horo AApa K coceAHeMY He~eTHOMY AOIl~HO 
B OCHOB HOM o6y c naBllH Ba T bcA OAHOnJ.10HHblM 0 6 MeHO M n p J.1 ycnOBJ.1J.1 . 
4TO BKIlaA APyrHx npo~eccoB B pacceAHH e n p H 3TOM MeHAeTcR MallO. 

2. HecKoIlb KO neT TOMY HasaA B pa60Tax 11-3 / J.1 CCIleAOBaIlaCb yr
nosaR SaSJ.1CHMOCTb pacceAHHA KJ.1n03Ile KTpOHBOfl bTHbiX HeRTpOHOB RA

pa MH. B pa3IlO~eHHJ.1 AH$$epeH~HaIlbHoro ce~eHHR no nOnJ.1HOMaM ne
~aHApa 

as 
a (0) --[ 1 + ~ W k Pk (cos 0) J, /1 / 

477 k = 1 

rAe as - HHTerpanbHoe ce4eHHe pacceAHHR, a 0 - y r o Jl paCCeRHJ.1R, 
npH 3TH X 3Heprl1 RX cy~ecTBeHH~ nl1Wb 4Jle H~ c k =1 J.1 2. K03~~J.1-

~HeHT wI' np J.1MepHO paBHbl~ YABoeHHoMY OTHoweHHIO a MnmnYA p- J.1 
s-pacceRHHR, npH6JlH~eHHO B~pa~aeTCA 4epe3 COOTBe T CTBYIO~J.1e 

¢a30Bble CABHr J.1 nOTeH~J.1anbHOro pacceRHHR KaK 

http:COOTBeTCTBYIO~J.1e
http:paCCeRHJ.1R
http:H3MeHeHJ.1e
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r Ae k - BonHOBoe 4~ cnO He~ TpoHa, a R' - paA~Yc nOTeH~~anbHoro 
s - pacc eR H~ R. Ao 3Heprl1~ HeCKon b KO AecRT Ko B K3B W I n~He~Ho 
B03 pacTaeT C 3Hepr~ e~ He~ T poHoB E , T . e . Benl1 411Ha wIl E OCTa
eTCR nocToRHHO~. BKn a A pe30HaHcoB COCTaBHoro RApa B WI Man \ 
11 MO )f(eT 6 b1Tb Y4Te H 4epe 3 c peAHlil e He~TpOHHble napaMeT p bl /2/.B K03<P

<p 11 l\ l1 e HT e )f(e W l! K nOT eH lI l1 an bHO~ e ro 4 aCTI1 6 sin2 011 sin 20 0 ~ 
Ao6 aBnReTcA cy~ecTBeH HaR p e 3 0HaHc Ha R 4ac T b, 4TO 3 a TP YAHReT 

ero I1 HTepnpeTa ll ~~ . 

3Kcne p IiIMe HTan bHble 3 Ha 4 e HHR Ben l1 4 1i1Hbi wIlE B 3a BI1C~MO CT ~ 
OT Ma CCOBoro 4 11 cna RApa A o5pa3 Y~T n~K B pa~oHe A ~ 1 30 I c 10111

H~MYMaMI1 npl1 A - l00 11 200/, $opMa KOTo p o r o B 
BOc n p0l13 BOAI1T CR O nT I1 4eCKO~ MOAenblO RApa /2.3/. 
Bbl CKa 3 a HHblX Bblwe coo6pa~(eH~ ~ MOlKHO Oll<~ ,QaTb, 

OT 4 e THO-4eTHo r o R,Qpa K c oceAHeMY He 4 eTHOMY 
COBepWI1T He KoToPbl~ CKa 40K 11 3 - 3 a nOAKnlO4eHI1A 
MeX aH I13Ma o5Me Ha OAHI1M rr-Me aOHOM C He4e THbiM 

Ml1we HI1 . 

c p eAHeM He nnox o 
Ha OCHOBa H~ 11 

4TO n pl1 n epe XOAe 

3Ha4e HI1 e w Il E 
K p-paCCe RH111O 

HYKnOHOM AApa

K noAo 6 HOMY 3aKnlO4eHI11O MO)f( HO np~~T I1 iii APyrl1M nYTe M. AnR 
paCCMaT pIilBaeMO~ n a p bl cpeAHl1x I1 n l1 TRlI<eJ1bIX R,Qep Bce npe AcKa3a
HI1R 06b14HO~ onT~4ec Ko~ MO,Qenl1 6YAYT BeCbMa 6n113KI1MI1, TaK Ka K 
nOTeHlIl1anbi 3TI1X RAep aa C4eT pa3nl1411A B A Ha eAI1HI1~Y I1MeIOT pa

1 / 3 
AI1YCbI R=loA . OTnI14a~l1eCR Ha 0,01- 0 ,02 <PM.Ho Ha He4e THOM HYK-
n OHe BKnlO4aeTCR OAHOnl10HHOe BaaI1Mo,Qe~cTBHe C pa,QI1YCOM -1,4 <PM , 
KOTOPbl~ no Kpa~He~ Mepe BABoe npeBblwaeT paAI1YCbl Bcex APyr~x 
B3aI1MOAe~CTBI1H, 11 3 TO MO)f(eT OKa3aT bCA 3KBI1BaneHTHbiM YBenl14e
HI1 IO paA~yca nOTeH~l1an a He4eTHoro AApa Ha HeKY~ Ben~4I1HY, 3 Ha
411TenbHO 60nbWYIO, 4eM 0,01- 0,02 4>M. TaKI1M o6pa30M, ,Qo6aBJleH~e 
HYKnOHa K 4eTHO-4eTHOMY RAPY MO)f(eT 3~eKT~BHo nepeABI1HYTb ero 
Ha WKan e A B CTOPOHY 6onbwI1x 3Ha4eH~~ 60nee 4eM Ha eA~H~~Y. 

Cy~ecTBy~~e AaHHble 0 Cl1nOBbiX <PYHKlI~AX ~ pa,Ql1ycax nOTe H
lI~anbHOro pacceRH~R He MorYT nOKa nOATBepA~Tb ~n~ OTBeprHYTb 
Hanl14~e TaKoro 3~eKTa, nOCKonbKY OHH He nonHbI ~ I1MelOT HH 3 KYIO 
T04HOCTb. Pe3KaR )f(e 3aB~C~MOCTb OT A 11 B03MO)f(HOCTb 113MepeHI1R 
C ny4we~ T04HOCTbIO AenalOT BenH4~HY wIlE YAo6HblM cpeAcTBoM 
AflR ~ccneAOBaHI1R o,QHon~oHHoro o6MeHa B RAepHo~ cpeAe. 

3. C nOMO~blO annapaTYPbl, KpaTKO on~caHHoi:1 B / 4 / , Ha nY4Ke 

I1MnynbcHoro peaKTopa O~~~ ~6P-30 Mbi 113Mep~nl1 K03~1111I1eHTbI 

wI 11 W 2 pa3nOll<eHIH! 11/ AflR Tpex nap coce,qHI1X 3neMeHTOB: Gd-In, 
Te - J 11 Pb-Bi. TaKI1M o6pa30M, He4eTHO-4eTHbie R,qpa 113,1H'ln , 
127 J ~ 209 Bi CpaBHI1BalOTCR co CMeCRMH 6m<1a KI1X 4eTHO-4eTHbIX 

C He6onbWOH IHe 60nee 25%1 Ao6aBKo~ 4eTHO-He4eTHblX, TaK 4TO 
cpeAHl1e MaCCOBbie 411cna CpaBHI1BaeMbiX 06pa3110B OTnH4alOTCA MaKC~

MYM Ha 2,35.~3MepeHI1R npOBo,ql1nl1Cb npl1 na6opaTopHblx yrnax 
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Ta6.1lul41 

3neMeHT 06naCTb 
W IE 

nI1He~HOCTI1, 1 

K3 B M3B 

In 20 9. 55j;O,~ 

Cd 20 7, 16iQ,41 

J 40 9.56t(l,28 

Te 40 ? 61±O, 27 

Bi 160 I, 7?±O, U 

Pb 160 2,OIttO, 13 

H Ii H R' H R ' Wt R'
H w t H WI H<~> -- .- <- >. 

4 4 4 4 w R' w R' w R ' W I I 4 I 'l l 4 

I. 33:tO,lD I ,2¥.OI O, 99±O ,D4 I ,J2!;D , II I,22!;D. 05 

I .22;tO, 06 l ,20:tD. 06 l , OO±O,06 I,22:tD,Il I . 2OtO, Il 

O,65±O,06 O. 8I:tD,03 0 , 9O:tD. 03 O,7?±O. 08 o. ?3±O,04 

45 ° , 90 ° 11 135°; Ha puc . l 11 2 n p~BeAeHbI 3K Cne p l1Me HTanbHbie 3Ha
4e HI1 R WI B C~CTeMe lIe HTp a Macc , nonY4eH Hbie n p l1 p a 3HblX 3Hepre 
TI14e CK~X pa3peWeHI1AX YCT a HOBKI1, a pe3ynb TaTbi o6pa 6oTKI1 W I c o
6paH bi B rra6.1lu4e . 

AnA Te x 06nac Tei:1 3Hep r l111, r ,qe W 1 n ponOPlll1 0 HanbHbi E IC M. BTO
po~ c Ton6e ll Ta6nl1 l1bl/, MeTo,qOM HaHMeHbWI1X KBaApaTO B onp eAen eHbl 

Benl14~Hbl wilE: AnA Cd, J, Te H Ph OHI1 cOBna,qalOT B n peAena x 
OWI160K C npe)f(HI1MI1 ~3MepeHI1AMH /1.3 1 . 34><PeKT paanl14~fI w 1 ,qnA He

4eTHbiX ~ 4eTHO-4eTH~X paCCel1BaTene~ AeMO HcTpl1pye TcA B 4eTBe p 
TOM cTon611e OTHOWeHHRMI1 cooT BeTcTBY~I1X 4Hce n TpeTbero cTon611a, 
a B nRTOM cTon611e AaHbI cpe,qHHe B3BeweHHble OT HOWe HI1R no Bc eM HC

cneAo BaHHblM 3Hepr11RM. 4T06b1 OTAenH T b p-paCCeAHl1e OT s-pac
CeRHI1R H nonY411Tb OTHOWeHl1e p-aMnnl1TYA B COOTBeT CTBl111 C BbI
pa)f(eHl1eM 12/, HY)f(HO YMHO)f(I1Tb OTHOWeHl1e Wi Ha OT HoweHHe S-aM
nnI1TY,q, T.e. 3Ha4eHHi:1 R'. nOcneAHl1e OTHowe HHfI npl1Be,qeHbI B wec
TOM cTon6~e . .[\nR In 11 Cd OHI1 nonY4eHbI 113 ,qaHHblX 15/ no R ', a AflA 

OCTanbH~X 3neMeHTOB - KaK KBaApaTH~e KOPHI1 ~3 OTHoweHH~ c e4e
~HH nOTeH411anbHoro paCCeRHI1R, npHHRT~X Ha OCHOBaHHIiI KPI1B~X /6 1 
paBHblMI1 4,50 ,qnR J 11 Te: 9,08 AflR Bi 11 11,28 AflR Pb c o WH6KaMI1 

0,50. OKo H4aTenbHo Be nl14HHY pa3nH4~R p-aMnnHTY,q paCCeRHI1R MOll<HO 
BI1AeTb B ABYX nocne,qH~X cTo n6l\ax Ta6nI111b1. 

4. ~TaK, KaK nOKa3b1BaIOT pe3ynbTaTbi npOBe,qeHH~X H3MepeHHi:1, 

o,qHonHoHHbli:1 06MeH Me)f(AY He4eTHbiM HYKnOHOM 11 paCCel1BaeM~M He~T

POHOM He AaeT onpe,qenR~ero BKna,qa B p -paCCeRHl1e Hei:1TpoHoB Ha 
I1CCne,qOBaHHYX R,qpax. 3aMeTI1M, OAHaKO, 4TO 3TOT B~BO,q OW11604eH, 
ecnH Hel.feTHbie H30Ton~ Cd, Te H Pb I1MelOT 3Hal.feHHR Wi B HeCKonb
KO paa 60nbwe, 4eM coceAHHe 116 10 ,127J H 209B1Ho 3TO ,qonYll\eHl1e 

npeACTaBnAeTCR BeCbMa ManoBepoATH~M. 

~ Bce )f(e paaYMHo npeAnOnO)f(I1Tb, 4TO 06HapY)f(eHHble pa3n~4HA 
/Ha 20- 30%1 p -aMnnHTYA I1CCne,qOBaHH~X nap AAep IT. e. I 'HernaA
HOCTb" KPIiIBOi:1 3aBHCHMOCTIoI w1l E OT A / o6ycnoBneHbI o,qHOnI10HH~M 
ofiMeHoM. KOHe4Ho, cne,qyeT HMeTb B BI1,qy, 4TO no,qo6Horo po,qa 3~

4>eKTbI MorYT 6b1Tb Bbl3BaHbI 101 APyrHMI1 npH4HHaMI1, CBA3aHHblMI1 C paa
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cnHHO B. Ae~opMa 4H~ . Kone6aTenbHbiX B036Y~AeHH~ /. AnR OKOH4aTenb 

Horo peweHHR 3Toro Bonpoca Tpe6Y~TCR AanbHe~Wl1e Hc cneAOBaH~A 


B 3TO~ o6naC TH - KaK 3KcnepHMeH Tanb H~e. Ta K H Teo peTH 4e CKHe. 


m1TEPATYPA 

1. AneKcaHAPOB ~.A. ~ AP. nHCbMa B ~3T~, 1966, 4. c.196. 
2 . AneKcaHAPoB n . A., Ca MOCB aT r.c . O~RH, P3- 4354, AyfiHa, 1969. 
3. CaMOCBaT r .c. R$, 1970, II , c . 11 52 . 

4 . HHKoneHKO B.r . • CaMOCBaT r. c. R~ , 1976, 23 , c .1 159 . 
5 . t~ughabghab S . F .• Garber 0. 1. BN L-325 . 3d Ed .• 1973. 

v.I. 
6 . Garber 0. 1 . • Kinsey R.R. BN l -325. 3d Ed ., 1976 . v . 2 . 

PYKonHCb nocTynHna B HaAaTen bcKH~ OTAen 
17 RHB a pR 1980 rOAa. 

4 


