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1 BBep;eHHe 

3Hamrn .HAepHhIX raMoB-TennepoBcKHX (rT) MaTpll"IHhlX oneMeHT0B 

Heo6XOAHMO AIT.H TeopeTwiecKoro on11caHH.H cKopocTeii ABOlIHoro /3-
pacnaAa [1], r- npou,eccos B .HAepHoii acTpo<p11011Ke [2], 11oy'IeHH.H napa­

MeTpoB cna6bIX aAp0HHhIX T0K0B n BO MH0rHx APYrHX cny'Ia.HX. OAHHM 

no cnoco6os noy'IeHH.H IIX .HBn.HeTc.H /3-pacnaA. 

B Aam1oii pa6oTe ;a;n.H p.HAa ueiiTpoHono6b1To'IHhlX 'IeTHo-'IeTHhlX 

.H;a;ep C MaCC0BhIMH 'IUcna~rn 0KOIT0 100 B np116mnKeHHH cny'IattHhlX qiao 

BhI'I11cn.HeTc.H cnna rT; 13- -nepexo;a;os na. HII)Katturne 1 ( + LcocTO.HHH.H 

He'IeTH0-He'leTHhIX .HACp. IlpH Bhl'IHCITCHHH Y'IHThIBaIOTC.H CBepxnpoB0-

A.Hil.l,UC Koppen.HU,HH 6oronro6oscKoro THna_n cenapa6enbnhle ocTaTo'I-
• > • "• • C ' 

HhIC soam.10;a;eiicTBirn B KaHanax 'IaCTHU,a-AhlpKa H 'IaCTHU,a-'IaCTH
0

U,a, 

npH'IeM napaMeTpbi 0AH0'laC'l'H'IHhIX Il0TeHU,HaIT0B (noTeHU,HaIThl c,;,K­
COHa-By;a;ca), cnapnBaTenhHoro soanMo;a;ei'icTBH.H H oq>q>eKTHBHhle K0H­

cTaHThI 0CTaT0'IHhlX CHIT 6brnH onpeAeneHhl pauee npn 0ilHCaHHH B03-

6y)KAeHIIll B oap.HA0Bo-ue11TpanhHOM Kauane [3], noy'Iemrn q>parMeH­

Tau,nn rT (at(-)) rnraHTcKoro peoonauca [4] n uccne;a;onamrn p+--;-. 
pacna;a;a npoT01101m6hITO'IHhIX .HACP n (n,p) c1wonh{x 4JYHKU,HH [5]. B 
[ 6] noKaoano, 'ITO ;a;aHHhie n~ 13+ -pacna;a;y npoTOHOlm6hlTO'IHhIX .H;a;ep 

n ( n, p) cnnoBhIM q>yHKU:H.HM, noy'IeHHhIM B peaKu;H.HX 54Fe( n, p )54M n 
n 90z r( n, p )9oY, cornacyroTC.H c npe;a;nono)KeuneM o cpaBHHTeJihH0 ne-

6onhIIIOM nepeHopMnpoBKe BHYTPH aTOMHoro .H;a;pa oqiq>eKTHBHOH K0H­

cTaHThI aKcnanhH0-BCKTopHoro cna6oro soa11Mo;a;e1'icTs1rn: I ~I ~ 1.0. 
TaKHM o6paooM, B BhI'IHcneHH.HX, npoBeAeHHhIX B AaHHott pa6o•re, see 

ucnonh0YCMhlC napaMeTphl oaq>HKCnpoBaHbl. 

2 OcHOBHhie cJ>opMyJihI . 

.II:n.ll 3aMKHYTOCTH IiOITO)KCHH.H Hail0MHHM OCHOBiihIC q>opivtynhl H npeA­

Il0JI0)KCHH.H (6onee nop;po61rne H0]IQ)KCHHC CM. B [5]) .. OcHOBHOC co­

CT0.HHHe 'ICTHO-'ICTH0r0 .Hp;pa 6yp;eM . paccMaTpHBaTh KaK q>OHOHHhlH 

BaKyyM, a soo6y)Kp;CHHhIC C0CT0.HHH.H He'ICTH0-HC'ICTHoro .Hp;pa - KaK 

OAHOq>OHOHHhle. OnepaTop po)KACHH.H 1 (+).-q>onona onpe;a;ennM cooTH0-

IIIenneM 
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• 
nt,i = L {1/J)p,in[a;pa;n]t,µ + (-lt<f>t,in[a;Painh,-µ}' 

jp,jn 

r,~e [a;Painh,µ - TemJopHoe npom:rnegem1e onepaTopoB JHIPITO)KeHirn 

npoTOHHoii n HettTpOHHoii· KBWJn:qacTIUJ;. B npu6m1)KeHHH cnyqattHhIX 

qiao onepaTopbI po)Kgemrn n: yHnqTo)KeHirn TaKnx npouoBegeHHtt cqu­

TaIOTCJI ygoBneTBOp.lIIOll.l;HMll 6oOOHHbIM KOMMJTaIJ;HOHHbIM COOTHOIUe­

HH.lIM. <PoHOHHbie aMIInllTJAbI 1PJi. J. II ¢>Ji, J. ' HOpMnpoBaHbI ycnOBHeM p, n p, n 

. ., . ., 
~ {•'•'· • • n/,1, • _ ,1..I. • • ,1..t, , } _ /j, 'I L.,.; 'f'Jp,Jn 'f'Jp,Jn 'f'Jp,Jn 'f'Jp,Jn -· 111 

jp,in 

AMnmITyga nepexoga ·no 'ocHoBHoro Ha oguoq>0Hon11b1e 1 ( + LcocTO.lIHH.H 

paBHa 

b(l+,i) = 1/../3 -~ f(jp,jn)(u;Pvin1Pjp,jn + VjpUin<P)p;jJ, 
Jp,Jn 

f(jp,jn) = (jpllat(-)lljn), 

oge
0

ch Uj iI Vj•Ko0q>q>ttIJ;HeHThl rrpeo6pruJoBami:.H Boromo6oBa. YpaBHe~ 

HH.lI gn.H orrpegeneHH.lI q>OHOHHbIX aMIInHTYA MoryT 6bITb oarrncaHbl B 

BHge (7]: 

R(+) i 
q,q'9q' - WjWq 

R(-) i 
-Wi9q + q,q'Wq, 

npH 0TOM 

0 

0' 

.1,i · ,1..i .1,i ,1..i · . .. · 
9q = 'f'jp,jn + '+'jp,jn 'Wq = 'f'jp,jn - 'f'jp,jn ' 

R~!~ = tqlii,i' - (2/3),,;~
1 Jqut Jq1u";, - (2/3)G~

1 
Jqvf Jq,v't,, 

fq = € jp + € in ' 
ut = UjpVjn ± VjPUjn ,Vi= UjpUjn ± VjpVjn, 

fj -ogHOKBaon:qacTn:qml.lI 0Heprn.H H Wi -:-0neprH.H i-: ro ogHoq>oHoH­

Horo cocTo.HHH.lI. MaTpH'IHhie 0neMeHThI R(±~ oaBHCJIT OT Bhl6opa 04>-q,q 
q>eKTHBHbIX OCTaToqHbIX cnn, B gaHHOM cnyqae 0TO cerrapa6enhHhle 

( U, ii)-cn:nhI, ,,;~1 -0q>q>eKTHBHaJI KOHCTaHTa qacTHqno-ghipO'IHbIX cnn, 

a G~1 -04>q>eKTHBHaJI KoHcTaHTa qacTnqHo-qacTJ1qHhIX. cn:n. B pe­

oynhTaTe TaKoro BhI6opa ocTaToqHbIX BoanMogettcTBHM rrpn:Begennhle 

ogHoqacTHqJibie MaTpnqHbie 0neMeHTbl f(jp,jn) BXOA.lIT II B orrepaTop 

rrepexoga, H B raMHnbTOHHaH OCTaToqHoro BOaHMOgeiicTBH.lI. 
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3 PeoynhTaTblpac~eTOB 

PeoynhTaTbI • pacqeToB np1rnegeHhl B Ta6nnIJ;e 1. IlapaMeTpbI ogHo­

'IacTnqnhlx IlOTeHIJ;nanoB II KOHCTaHTbI MOHononhnoro cnapHBaHn.H, C 

KOTOpbIMII nonyqeHbl YK_aoannble B Ta6nnIJ;e peoynhTaThl, rrp1rnegeHhl B 

pa6oTe (3], gn.H nooTonoB Kr n Sr rrapaMeTpbI BO.HThI n:o cxeMhI (A=91, 

Z=39)u gn.H 1moTonoB R1t n Pd - no cxeM:hI(A=121, Z=51). llcnonh­

ooBanncb n gpyrne OIIa'IeHn.H napaMeTpoB, ogHaKo BnH.HHHe BapuaIJ;ntt 

Ta6nnIJ;a 1: 13- -rrepexoghl. 

log(ft)E 

/3-nepexog 0KCnepm .. feHT. BhI'IHCneHHbie 

(a) (b) (c) 

ssKr-+ ssRb 4,19(8) 4,08 5,27 4,16 
90J(r-+ 90Rb 4,0 3,76 4,75 3,96 
921( r-+ 92Rb 4,14 3,50. 4,40 3,83 
941( r -+ 94Rb 4,2 . 3,26 4,10 3,69 
92Sr-+ 92y 4,31 
94Sr-+ 94y 4,35 
96Sr-+ 96y 3,93(3) 

uoRu-+ uoRh 4,18(6) 
u2Ru -+ u2Rh 4,20(3) 
114Ru -+ 114Rh 4,35(15) 
114pd--'--+ 114Ag 4,14(10) 
116pd -+ 116Ag 3,93(8) 
uspd -+ nsAg 3,86(10) 
120Pd -+ 120Ag 

(a) ,,;~1-A = 0,0 n G~1 -A = 0,0 

(b) ,,;~1-A = -23,0 n G~1 ·A = 0,0 

(c) ,,;~1-A = -23,0 n G~1 -A = 6,0 

3,80 4,68 3,92 

3,53 4,33 3,80 

3,27 4,03 3,64 

2,92 3,67 3,36 

2,88 3,65 3,41 

2,86 3,64 · 3,45 

3,04 3,79 3,49 

3,03 3,78 3,53 

3,01 3,79 3,58 

3,01 3,80 3,q,2 

0THX rrapaMeTpoB na cnny nepexogoB HeBennKo . .Il,n.lI cpaBHeHirn c 0Kc­

nepnMeHTanhHhIMH ,gaHHhIMH BbJq1-1cn.HnHch jt-BennqHHhI, CB.lIOaHHbie 

cunoii rT nepexogoB COOTHOlllemreM: 
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fti = (gv )2 6163 
gA B(GT,o+ - 1t)" 

KaK II B cnyqae rrpOTOHOU36bITO'IHblX .llp;ep [4],[8], B HaCTO.lllll,UX pac­

'leTax IlOJI)'.'laeTC.ll, 'ITO HU)KaHrnee O)];HO<pOHOHHOe 1 (+)_COCTO.llHHe, Ha­

cerrneMOe B /3- -pacrrap;e, oTp;eneHo OT ocTaJibHhIX cocTO.llHHH Tott )KC 

rrpIIpop;bI ::mepreTn'leCKoii lll,eJibJO, qacTo rrpeBbirnaJOU1,eii Bbip;en.HJOUl,y­

JOC.ll B rrpou;ecce rrepexop;a 0Hepru10. BocrrpounsecTn pacmeneHne oToro 

COCTO.llHU.ll Ha HeCKOJibKO ypoBHeii, KOTOpbie o6Hapy)KeHbI OKcnepuMeH­

TaJibHO B npn6Jin)KeHnn cny'laii:Hoii <J>a□b1,He yp;aeTc.ll. IlooToMy c oKcne­

pnMeHTanhHbIMII p;aHHbIMU cpaBHUBaJOTC.ll BeIIII'IUHbl log(f ti), orrpep;e­

neHHble HMeHHO )];Il.ll OToro HH)Kattrnero COCTO.llHH.ll. BbI'lHCJieHHbie 3Ha­

'leHH.ll cpaBHH.BaJOTC.ll C OKCrrepIIMeHTaIIbHO orrpep;eneHHbIMU cyMMap­

HbIMH (ft)~-BeillI'IHHaMH 

(ft)El = L (ft)-;1 ' 

rp;e cyMMHpoBanne rrpoBO)];HTC.ll no BCeM OKcnepnMenTaJibHO o6napy­

)KeHHbIM 1 (+)_COCTO.llHH.llM, ~acen.HeMhIM B /3- _: pacnap;e. 8KcncpnMeH­

TaIIbHble p;aHHhie p;JI.ll II□oTonoB I( r u Sr B3.llTbI nn KOMOHJI.llll;HH, ony-

6mrnoBaHHhIX s [9]. ,UJI.ll OCTaJibHbIX .Hp;ep Htl opnnrnaJihHblX pa6oT: 
110

•
112Ru - nn [10], 114Ru - no [11], 114

•
116Pd - nn [12] n 118Pd - 1m 

[13]. , 

B Ta6m1u;y naHeceHhI penyHhTaTbI BbI'IHcJieHnii, BhIIIOJIHeHhIX B Tpex 

npn6IIH)KeHirnx: Y'IHTbIBaIIOCb TOIIbKO CBepxnpoBO)];.lllll,ee crrapnBaHne 

(a), cnap1manne IIJIIOC qacTH'IHO-p;blpO'IHblC OCTaTO'IHbie CHJibI (b) u, 

HaKoneu;, cnapnBaHne, 'laCTH'IHO-p;bipO'IHbie H 'laCTH'IHO-'laCTII'IHbie 

B□anMop;ettcTBH.ll ( c). Ilpn OTOM, KaK y)Ke OTMe'lanoch Bo BBep;eHIIH, 

BCe napaMeTpbl fibIJIH orrpep;eneHbl paHee. Ila Ta6nnu;bl BH)];HO, 'ITO Ha­

Hfionee 6IIH3KHe K OKCilepHMeHTaIIbHbIM 31Ia'leHH.ll_ no11y'leHbl B cny'lae 

(b ). BnanMop;eiicTBHe Tirna -qacTnu;a-qacTnu;a naMeTno onycKaeT rrep­

Boe 1 (+)_COCTO.llHUe, p;enaeT ero 6onee KOJIJieKTHBHbIM. IlepeMelll,eHHe 

BHH□ p;a)Ke nem1a'IHTeJibHOM qacTn CHIIhI rHranTcKoro rT-penonanca 

naMeTHO ycKop.HeT nepexop; Ha nepBoe 1 (+)_COCTO.llHHe. Bnp;IIMO, OTO H 

ofi'b.llCH.lleT pa□JIII'IHOe p;ettCTBIIe OTO~O BtlaHMO)];ettCTBH.ll B /3+ - H /3- -
KanaJiax. Ilop;o6nhitt o<J><peKT rrpo.HBHJIC.ll II B pac'leTax [14], rrpaBp;a, B 

yKa□aHHOII pa6oTe npHBO)];.llTC.ll TOJihKO penyrrhTaTbl pac'leTOB, Y.'IHTbI­

BaJOUl,HX o6a Tnrra ocTaTO'IHbIX B□anMop;eiicTBHM. 
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3na'l11TeJibHOe pa□JIU'IHe Me)Kp;y penynhTaTaMn pacqeTOB II OKcne­

pHMeHTaJibHbIMH p;aHHbIMII )];JI.ll H30TOIIOB Ru 03Ha'laeT, .'ITO )];Il.ll OTHX 

.Hp;ep Bbl'IHCJieHH.ll co c<pepn'IeCKH·CIIMMeTpH'IHblMH O)];HO'laCTH'IHhIMH 

BOJIHOBblMH <pyHKil;H.llMH HeIIpHMeHHMbl, B OTOM cny'lae Heo6xop;UMO 

OOJibtlOBaTbC.ll MO)];eJI.llMH, pa□BHThIMH )];JI.ll onncaHH.ll p;e<popMHpoBaH­

HhIX .llp;ep, HanpHMep [15]. 

4 3aKJIIO"'feHHe 

ll□y'leHIIe /3- -pacnap;a .llp;ep, yp;aneHHhIX OT mrnnn CTa6HJihHOCTH, rro-

3BOJI.lleT uccnep;oBaTh pacnpep;eneHne CHIIhI rT-nepexop;oB B o6JiacTu 

Mam,1x 0Heprnii non6y)Kp;eHH.ll. CpaBHeHne penyrrhTaToB BbI'lncrreHHH 

C q>HKCHpoBaHHhIMH paHee rrapaMeTpaMH Mop;enH H p;aHHhIX OKcnepH­

MeHTa rroKam,rnaeT, 'ITO pac'leThI B rrpn6nu)KeHun crry'laHHOM <pa□hI 

TOJibKO C 'laCTH'IHO-p;blpO'IHhIMII CHJiaMH )];OCTaTO-'IHO Hap;e)KHO orrpep;e­

JI.llIOT cyMMapnyJO cuny rrepexop;OB. Ilpn y'leTe 'laCTH'IHO-'laCTH'IHblX 

cnJI, IIO-BII)];HMOMY, rrepeou;eHnBaeTC.ll KOJIJieKTUBHOCTb nepBoro 1 (+)_ 

cocTo.Hmrn, nacen.lleMoro B /3- -pacnap;e. TaKnM o6pa□oM1HMeeTC.ll ·onpe­

p;errcnnoe npOTIIBOpeqne Me)Kp;y penyJibTaTaMH pac'leTOB /3-...: II /3~ -
rrepexop;on. Bonee p;eTaIIhHoe onncaHne /3- -rrepexop;oB Tpe6yeT uccne­

p;onann.ll BJIH.llHII.ll rnraHTCKoro penonanca na nn□KoJie)Kalll,ne cocTo.ll­

HH.ll. 
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