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1 • BBEAEHHE 

Xopowo H3BecTHO,· LITO cpe,qH HH3KOJle>KaLqlr!X COCT0RHHI4 4eTH0-

4eTHbiX R,qep lo1MeiOTC.R ,qByXKBa3VI'·IaCn11..1Hbl'e H B.H6paL.fi110HHble COCTQR

HHR. 80I1HOBble <I>YHK41-1H nocne,qHHX npeACraBJlRIOT co6ol4 -cyneprioaH-

41-110 ABYXKB831114aC.n.14HbiX KOMnOHeHT~ Ha-aa Ba~HMo,qeliicTBHR Me>K',qy 

Ksaa~-t4acTH48MH c pocroM aHeprHH npo~-tcxo,qHT ·cMeWHsaHHe MSno
KBa3H4"acn14Hbtx KOMnOHeHT BOJlHOBbiX <I>YHKLV1i1 C MHoro'KaaaH4at:n1'-I

HbiMio1, H crpyKTypa cocroRHH'i:f y<::no>KHReTCA. <l>parMeHT84111R /paC
npe,qeneH·J.1e CHJlbl/ ABYXKB83H48CTH4Hb1X coc-f01ni"~!ii· rib 6onee CJlOH<HbiM 

KoH¢>Hi-ypaLV1RM a rol1 Him HHOH o6nacTH 3Hepnn7t onpe,qerl'R·e:r· T'a'Kt.t·e 
<I>H3H4ecKHe xapaKrepHcrHKH, KaK senH4HHbl HeHrpOHHbiX H·pa,qHa
LIHOHH'biX: CHJ16'Bb1X (l)yHKLIHH, WHpHHbt Myri.bTifin'ollbHbaX. ·ri'traHTCKt;tX' pe-

30HaHCOB, Wt-1PHHbl pe3oHaHCHO-no,qo6HbaX CTPYKTYP B npOL~eccax 

c B036Y*AeHt-1eM rnY0oKOJle)l(alqt-1X' ,ql:ilpo4Hb1X ypOE:J'HeH. ,l\JlR ·noHHMaHH·R 

npo1.1,ecca ycno>KHeHHR C.Tpy'KTYPbl R,qePHbaX c6cT<:iRHHH c pocToM 3Hep

rt-1H eoa6Y*Ael-it-1R cmiAYe"T H3.Y4t-1Tb OcHoBHbae '3aKoH0Mej>HocTI-i ¢lpar-

MeHTall,ll!t-1 ,qey'XKBa3t-14iii'CTt-14HbiX COCTORHt-1t1. ' 

B ··nocne·,qHt;te ro,qba. HMeeTCR · ·6onbwdH nporpeC:c ··a 3Kcnepi1MeHTaJlb

HOM H·ay4eHt-1H ¢pa'rMe'fiTa4Ht-1 OAHOKsaat-14atTH4HbiX ··cocToRHHH 111. Oc

HOBH~M 3KCnePHMeHTaJl~HbiM MeTO,QOM 'Hay4eHHR;¢lparMeHTdll,t-1t-1 CJly)l(aT 

peaKli,HH OAHOHYKnOHHbaX nepe,qa4;: H3 ·aKcnepHMeHtanb.HbiX Aa~HbiX · 

no cneKTpOCKOnH4eCKHM ¢laKTOpaM H3BJleKa~TCR CBe,qeHHR 0 BeJ1H4H

HaX OAHOKBa3t-14aCTt-14HbiX KOMnOHeHT BOJlHOBbiX ¢lYHKli,VIH, Hat-16011ee 

ll,eHHaR HH¢lOpMali,HR nony4eHa no ¢lparMeHTa4HH rny6oKHX AbiP04HbiX 

COCT9ftH.t-1H B,c¢lepH4eCI<;t-1X .R,qpax npt-1 Ki3Y4eHI-H1 peaK4111H (p,-d), (d,t) 

H ,( 3 He'll ¥2 •31 • npaBHJlbH.Oe K011H4eCTBeHHOe onHCaHHe ¢lp~.rMet:tTaLV1H. 
OAHOKBa3VI.~a~T~4HbaX .COCTORHHH nony~eHO B paMKa:X· KBa3H4aCTVI4HO

¢loH0HH~ MO,qeJlH Jt,qpa 14•51, OCHOBHble nOJlO)I(eHHR KOTopoH H3JlO)I(e-
. 101 ' 

Hba 8 '.. . . , .. , , ,. 

3KcnepHMeHTaJlb:HYMJ HH¢lopMali,H~ _. ,o ¢lparMeHTa4HH~ ABY>:<KBa3H4ac

TH.4Ht~t_x .c0CTORHHH .nOJ'!Y4a)9T H3 cn.e,KTpOCKOnH4eCKt-1X ¢laKTOpOS · pe

aKU,Hti' 0~·~9~YK110':t':"lbaX. nepe,qa4. 0,qH.3Ko 3-Ta HH¢lOpMa4HR · TOJlbKO .0 

Te_X ,qBy~Kijla3l~4PC.;r_!:i'::i(':"lbaX coc;:TORHHRX, y KOTOpbiX o,qHa H3 .KBa3H4aC

J"HU. .B;;:t!JeHTHa~·-' ;r,. e., Haxo,qHTCR. Ha o,qHo4aCTH4t;OM ypoeH.e, coor

eeT.C .. TByiOaqeM OCHOB.I;tOMY COCTOfiHH~· He4eTHOrO A R,qp'a-MHWeHH,. 

B17 ,Bl _.,_oKa3aH.9, 4,:9 pe_aKli,HH ABYXHY,KJlOHHbl.>:< flepe,qa4. nma ( p, t) 

Mqr.Y-f ,q~nb 6oilee rlosl;-tble cee,qeHHR o $parMeHTa4HH ,qeyxK~aaH4ac
TH41;"1biX CbCT?RHHH ,B ·c$epH4eCKHX R,qpax~ 
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nocJleAOBaTeJlbHbiX pac4eTOB Q>pa,rMeHTa4HH ABYXKBa.31o14a.CT~4HbiX 
COCTORHHH no RAePHblM ypoBH.RM He lo1MeeTCR. 50J1bWHHCTBQ. o.6011Q-
4e4H,biX pac4eTOB nOCBRU4eHO Bbl41o1CJleHHIO ~,HeprY1Jil H cneKTPOCKOnlo1-
4eCKY1X $aKTOpOB peaK4HH OAHOHYKJlOHHbiX nepeAa4 B He4eTH~X c$e-
pH4eCKHX R.qpax. HMeiOTCR o6ono4e4Hble pac4e"tbl 3.Hepr~all 92 Zr 
1-1 cneKTPOCKonH4eCKHX $aKTqpoa peaK4HH 91 Zr( d,p) 92 Zr., abl-
nonHeHHblX B !9,10/ Ha He6011bWOM 0AH04aCTio14HOM 6a3Hce, 0H14 AO
CTaT04HO XOpOWO Onlo1Cb1BaiOT 3Hepn11-1 1-1 CneKTP.OCKOnJ..14eCKJ..1e $aKTo
Pbl HJ..13KOJ1emaU4J..1X COCTORHHIII. 

8 paMKaX KBa3HYaCTJ..14H0-$0HOHHOali MOAeJlH RApa BbJnOJlHeHbl pac
YeTbl ¢>parMeHTa4HH 0AHOKBa3J..1YaCTio1YHbiX, OAH0$0HOHHbiX H KBaaH-
4aCTH4a nlliOC $OHOH COCTORHHH SO MHO.rlo1X c¢>epH4eCKio1X 1-1 Ae<f>op-
MI-tpOBaHHbiX RApax. PeaynbTaTbl pac4eroa 111 • 121 WI-1PHH r1.1raHTcKHX 
peaoHaHCOB, HeJI!TpOHHbiX lo1 paAHa41-1GHH:;lX CJ..1J10Bb1X $yHK4·Hiil B ccpe
pHYeCKHX RApax H9.X01:::V1'TCR B xopoweM COr1laCI-1H C COOTBeTCTB.YI0-
~!1M!1 3KCnepHMeHTanb HbiMH AaHHbtMI-1. B pa.MKax KBa3H4aCTH4HO-·$oHoH
HoH MOAeJlH RAPa MO>KHO Bb14HCJ1RTb ¢>parMeHTa4J.110 ABYXKBa3W•olaC1'J.14-
HbiX COCTORHH.::i 6e3 BBeAeHio1R HOBblX napaMeTpOB H 6e3 MOAH$H.Ka4J.1k1 
MOAeJlJ.1. TaK, s 1181 pacC4J.1TaHa <f>parMeHTa41-1R ABYXKBa3H4a.CTHYHbiX 
COCTORHJ.1H H Bb14HCJleHbl S- H p-aOJlHOBble HeHTpOHHble CHJlOB~e 
¢>YHK41-1H AllR PRAa He4eTHbiX N RAep-MI-1WeHeH. nony4eHO xopowee 
OnHCaHHe 3KcnepHMeHTaJlbHbiX .qaHHbiX no CHJlOBbiM ¢>YHK4HRM lo1 nOKa-
3aHo, 4TO B 60JlbWHHCTBe RAep CnHHOBOe paCU4enneHHe Mane, 

UenbJO HacroRw.eH pa6orbl RBJlReTCR Bbi4HCneHHe ¢>parMeHTa4HH 
ABYXKBa3.H4aCT!-14HbJX COCTORHHH THna 114aCn14a-AblpKa 11 B Y.eTH0-
4eTHbiX c¢>epH4eCKHX RApax C BOJlHOBOH <I>YHK4Heall, COAepma~e~ 0AH0-
¢0HOHHble H ABYX¢lOHOHHble KOMnOHeHTbl. 

2. MO,llEnb 

raMHJlbTOHHaH RAPa B KBa3H4aCTH4HO-$oHOHHOH Mo.qe111-1 B_K11104a
eT noreH4111a11 cpe.qHero non.R nporoHos H HeHrpoHoa, cna.pvtsarenb
Hoe ea·aHMOAeHcrsHe caepxnpo.ao.qRw,ero THna H cenapa6enb.Hble H3o
cKa11RpHbJe H H30BeKTOpHble MYJlbTHnOJlbHble H tnHH-MYJlbTHnOJlbHble 
CHllbl. MyllbTHnonbHble CHJlbl HCn01lb3YIOTCR· AJ'lR nony4eHio1fl OA'HO~OHOH
Hb!X COCTORHHali C MOMeHTaMH Y1 4eTHOCT.AMH A11 = 1-;2+,3-.'.;; CnHH
MY11bTJ.o1n011bHble Clo111bl - AJlR n011y4eHHR 0AHO$OHOHHbiX COCTO.R'HHH C 
L" .... 1+,2-·,a+ .••• Pacc4HTbJBaR 3Heprl-l~-t H cTpyKTYPY ~oHoHoe, Mbl 
npe.qnonaraeM, 4TO Ka>K.qblali TJ.o1n $OHOHOB reHepHpyeTCR TOJlbKO o.q
HHM THnOM CHJl, a HMeHHO TeM, KOTOpblali COOTBeTCTByeT npOH3B.e.qe
HHIO onepaTOpOB COOTBeTCTBYIO~ero 3JleKTPOMarHHTHOfO nepeXOAa· 

3anHCaHHaR B TepMHHaX onepaTopoa PO>KAeHio1R H YHH4TO>KeHH.R 
KBa3H4aCTJ.o14 (a tm ,a 'jm ) H $oHOHOB (Q~ i ,Q At,ti ) 4aCTb raMHJlb .. 
TOHHaHa KBa31o14aCTHYHO-$OHOHHOali MOAelll-1, COOTBeTCTBY~~a.R HeB3aJ.1-
MOAealicTBY~W.I-1M KBa3H4aCTH4aM H $OHOHaM, J..1MeeT BHA 
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Ai Ai' 
+ 1 Xr+Xr 

H0 =I.f.a.a.-,-=I. -·x 
jm J Jm Jffi 8 Aii'c [~, (Ai) ~r (Ai' )] V2 

/2. 1 I 

/2.2/ 

/2.3/ 

B BbiWenpHee,qeHHbiX ¢opMynax HcnonbaoaaHbl cne,qyiOutHe o6oaHa4eHH~: 

KBaHTOBble 4HCila OAH04aCTH4HOrO COCTO~HHR nfj o603Ha4HM 4epe3 

j. Ail~ KpaTKOCTH onycKa~ ne fj~j~ - OAH04aCTH4Hbliii npHae-

Aet'Hbliii MaTpH4Hbliii 3IleMeHT MYIIbTHnOJlbHOro onepaTopa lY)w.(O.¢); 
u<.-)J = u. v. ± uJ v. rAe uj • v j - Ko3¢¢H~HeHTbl npeo6paao-

11 2 Jl J2 2 Jl. 
eaHH~ 6oron106oea oT onepaTopoa 4aCTH~ K onepaTopaM KBa3H4aCTH~; 

&j , &j
1

j
2 

- 3Hep~HH OAHO- H ABYXKBa3H4aCTH4HOrO COCTO~HHiii; 
+ 

WAi - 3Hepnut OAHO¢lOHOHHOrO COCTO~HH~ QA~i 'Po , KOTopa~ ~s-
Il~eTCR peweHHeM CileAYIOutero ypasHeHHA npH6IlH*eHHR C!ly4aiiiHOiii 
cf)aabl: 

•&A) +<(A) Ai XAi 
--L(X + P 

2A+l n /2.4/ 

3AeCb KfA) H ,/f) - I-130CKailRPHble H H30BeKTOpHble KOHCTaHTbl, co

OTBeTCTBeHHO. OnepaTop PO*AeHHA ¢oHoHa HMeeT BHA 

QL ~ 
2
1 :!: lif,Aj~ [a+jma+j'm']>.. +(-l"11-'q,Ai, [a" ,a .. l, !. 

... jj' J 'lj.A.' JJ J m . Jm 1\-j.l.· 

4neH MOAeilbHoro raMHllbTOHHaHa AAPa, onHCbiBaiOIL\Hiii eaaHMOAeiiicT
BHe KBa3H4aCTH~ c ¢oHoHaMH, nocne npeo6paaoeaHHiii c yyeTOM ypaa

HeHHA /2.4/ /eM. CCb1Il'Ky 1141 I, HMeeT BHA: 
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\. 

Cl'le 

v~±~ = u. u. ± v v 
J1J2 11 1 2 11 12 

f.A v!-) 
J1J2J1.J2_,x 

J: ~, (Ai) /2.5/ 

$QpMyllbl /2.2/-/2.5/ HSnHCSHbl ,Q!lA C!ly'-laee, KOr,Qa HH,QeKCbl ( Atd) 
OTHOCRTCR K MY!lbTHnonbHOMY $OHOHy. AnR Taro, 4T06bl nony4HTb 
4JleHbl raMH!lbTOHI-1aHa, CBR38HHbJe C BKJlS,QOM Cm1H-MYJlbTJ.1nOJ1b·HbfX 
¢loHOHos, cne,QyeT npoHaeecTJ.1 cne,QyiOW.He aaMeHbl s <f)opMynax /2.2/-/2.5/: a/ MaTpJ.14Hbl~ 311eMeHT fJ(r. . aaMeHHTb Ha f ~I;- -. O,QHO-

Ya C THl.l HbU1 

onepaTopa 
(I.L) 

H K ! 

HO Ha u< -:-J. J.1 

a/ eenH4HHbl 
(+) 

u j lj 2 J I J 2 

t12 ltJg 

aaMeHHTb COOTBeTCTSeH-

80JlHOBYIO ¢lyHK~HIO B036Y*AeHHOro COCTORHHR 4eTHo-4eTHOrO c¢e-
PH4eCKOrO RAPS 803bMeM 8 BH,Qe 

Ati 1 
RBHbli1 BHA U A . 

2'2 
(Ji) 

/2.9/ 

2 
R, (Jv) 

O,QHO¢lOHOHHOrO COCTORHHR i B HOPMHPOBKY BO!lHOBOi1 ¢lyHK~HJ.1 /2.6/, 
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OHa VIMeeT BVIA 

R
2

(Je) :-{~ B2L.)1
1 

1 a11 Mu TI""'Tiv • 

8 peaynbTaTe B~4VICneHVI~ C y4eTOM ypaBHeHVIA /2.]/ VIMeeM 

}; (M , f 
. , 11 . 

' 

2 
Mu 

(}; M ..• u"1'1 (Ji'.Jl2 
i'· 11 h212 . 

(evA. +cu, . -ry )2 
11 1 /\2 1 2 IJ 

/2.10/ 

/2. 10'/ 

onpeAenvaTenR /2.8/, Aanee 

/2.11/ 

B RPA -npva6Jiva)l(eHHH aenva4HHa ABYXKBa3va4aCTVI4HO~ KOMnoHeHTbl 
j 1 j 2 8 COCTORHVIVI Q{"~ilpO CO CnHHOM J,...A,, rAe A- MynbTVInOJib-

HOCTb COOT8eTCT8Y~~ero $OH0Ha OnpeAefiReTCR ~OPMYilO~ 

/2.12/ 

npva y4eTe 83aVIMOAe~CT8HR KBa3V14aCTHL-' C $OHOHaMH OAHO~OHOHHble 
cocTORHVIR $parMeHTHpo8aHbl. BenH4HHa A8YXK8a3VI4aCTH4HO~· KOMno
HeHTbl j 1 j 2 co CnHHOM J coCTORHHR v, onHCbl8aeMoro 80I1Hosol1 
~YHK4~e~ /2.6/, pasHa 

<l>j j (J;~v)= 211}; Ri(Jv)</<.Ji ~~ /2. 13/ 
12 1 J1J2 

Ha~AeM Bblpa*eHHR AnA cneKTpocKonH4eCKVIX ~aKTopo8 peaKL-'HH 
OAHOHYKllOHHblx nepeAa4 Ha He4eTHbiX A RApax-MHWeHRX. BonH08YIO 
$YHKL-'HIO He4eTHoro A AApa-MHWeHH 803 bMeM a 8HAe 

'i' (i0m 0 )-CJ. v a:J. m '1'0 , /2.14/ vo o o o o 
onycTH8 4fleHbl K8a3va4aCTHL-'a nn10c OAVIH H ABa $oHOHa. BonHOBYIO 
~YHKL-'VIIO KOHe4HOrO COCTORHHR CO CnHHOM Jf B03bMeM B BHAe /2.6/. 
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CneKTpocKon~t~4eCKHe ¢aKTOP~ nepeAa4H HyKnoHa Ha noAo6ono4KY 
HMe~T ClleAY~~H~ BHA: 

A11A peaKL4HH nma (dp) 

2 2 
SiJ·(Jf:~ )=Ci uJ.<I>J·J· (Jr;",_). 0 1/ o11D 0 /2.15/ 

AJlR peaKLIHYI THna (dt) 

2 2 
Sii(J 1 :~)=C v.<I>.(J 1 ;"). /2.16/ o !J Jov o J JJo v 

EC11H npocyMMHPOBSTb no seeM cnHHSM KOHe4H~X COCTOAHH~Jf, KO
TOp~e 06paay~T 0AH04SCTH4H~e COCTOAHHA ji H j

2 
, TO HMeeM 

sii c~) = ~ s .. (J1 ;" ). /2.17/ o v Jc JJo 11 

4aCTO HCnOJ1b3Y~TCA B~pa*eHHA 

/2. 18/ 

s·.. c~ l ~ ~ 
JJo "' · J r 

/2.18' I 

Cl1eAyeT OTMeTJ.I!Tb, 4TO Bbi4HCJleHHe ct>aKTopoe cp .. (J; 7J ) 
JlJ-2 1/ 

Yl 8 jjO (J f ; 1}
11

) Anf'l Ka>KAOrO COCTORHHA v Hepai..IHOHSJlbHO npH 

6onbwoH nnoTHOCTH ypoeHe~. np~t~ npoMemyT04HbiX_ 3HeprHRx eoa6y>K
AeHHA nllOTHOCTb ypoBHeH BeJlHKa, a T04HOCTb Bb14HCJ1eHHR 3THX 
¢aKTOpOB AJlR KS>KAOro COCTOAHHR Mana. no3TOMy CJleAyeT Bb14Hc
l1RTb cpeAHJ.1e 3Ha"leHJ.1R 3H1X $SKTOpOB 8 3Hep.reTJ.14eCKHX HHTepsa
JlaX, KOTOpble MHOrO 60J1bWe CpeAHero paCCTORHHR Me>t<AY peWeHHRMH 
rlv ceKynRpHoro yp~aHeHHR /2.8/, T. e. HY>t<Ho Bb14HCilHTb coorser
crsy~~He CHJlOBble $YHK~HH, 3Ha4eHHR KOTOPbiX 6onee CTa6HJ1bHbl no 
OTHOWeHH~ K H3MeHeHHRM napaMeTpOB MOAeJlH no cpaBHeHH~ CO 3Ha-
4eHHRMH <PaKTOPOB <J>J. J' (J; ~ ) H 8 J'J' (J r ; ~ ), 

·12 1/ 0 1/ 

CneAYR 161, sseAeM CHnoeyiO Cl!YHKL4HIO 

<l>j j (J;~) = ~. <I>J. J' (J;~ )p (~-~ ), /2.19/ 12. 1/ 12 1/ 1/ 

p(~-~)=-1_. ~ -
v 2rr c~-~vl2 +~2 /4 

3HepreTH4eCKH~ HHTepsan ~ onpeAenReT cnoco6 npeACTasneHHR pe
a.Ynbraroe pac4ero.s. Aanee npHMeM eo BHH'MaHHe /2. 10/, socnonb-
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ayeMCR reopHe~ Bbllf,eros, KaK a161, lo'l s peaynbrare nony'-IHM 

JJ Ji'· 
~ M 11 ·(~+iil/2)of, . ,Pl .. 
h' __ lJ!E..~ 

~ (~ +iil/2) 
<I>; J. (J;~)=.!. Im 

1 2 " 
/2.20/ 

CH.noeble ¢YHKU,HH Al1R cneKrpocKomt4eCKHX <tiaKTopoe /2. 15/ 1-1 

/2.16/ ~Me~T cneAY~~-- B~A: 
An~ peaK4"" T~na (dp) 

2 2. 
8 ii

0 
(Jr ;~ )= 0 i{oui <1>;;

0 
(Jr ;ij). 

AilR pea KU.HH nma ( dt) 

8 Ji0 (J, ;ij) • 0~v0 v~<I>;;0<Jr ;ij ). 

3. BflH~HHE B3AHMO~EACTBH~ KBA3H4ACTH~ C ~OHOHAMH 
HA ~PArMEHTA~H~ ~BYXKBA3H4ACTH4H~X COCTO~HHA 

/2.21/ 

/2.22/ 

/2.23/ 

/2.24/ 

np1o1 npOBeAeHHH 1-IHCJleHHbiX pac4eTOB Mbl HCnOll.bSY,eM Te >Ke na

paMeTpbl KBa3H4aCJ"H4HO-¢OHOHH0!71 MOAeJUt RApa H KOHCTaHTbl· OCTa-

T04HbiX B3aHM6AeHCTBHH, 4TO H e 15 •11-13/, 8 3THX pa6oTaX noKa-

aaHo, 4TO npH Bb14~CJ1eHHH ¢parMeHTaLJ,HH 0AHOKBa3H4?CTH'-IHbiX H 

OAHO¢lOHOHHbiX COCTOfiHHH CileAyeT HCnOJlb30BaTb fiOJlbWOe ¢OHOHHOe 

npocrpaHcrao. B AaHHbiX pac4erax aaRTO TaKoe >Ke 6onbwoe.¢oHoH
Hoe npocrpaHCTBO, KaK J.1 8 !5/, n~paMeTp /J.. B paC4eTaX AilJI 92 Zr 

6panc11 04eHb Mant~~M I .1."" 0,1 M36/ H peaynbTaTbl pac4e:roa npeA

CTaeneHbl A11R OTAeilbH~X COCTOJIHHH. npH pac4eTaX c·y4eTOM B3aHMQ-

AeHCTBHJI KB83H48CTH~ c ~oHoHaMH a H30Tonax Sn Mbl nonaranH 

.1.= 0,2 M3B. YeenH4eHHe .1. AO 0,5 M38 He MeHHeT nonmKeHHH '-'eHT

poe THmeCTH nHKOB, HO npHBOAHT K ywwpeHH~ nHKOB H8 30%. 
B paMKax KeaaH4aCTH4Ho-~OHOHHoH MOAenw HAPa pacc4HTbleaeTcH 

$parMeHT8~HJI OAHO~OHOHHtMX H ABYXKB83H4aCTH4HbiX COCTOJIHHH.~par

MeHTa~HJI OAHO~OHOHHbiX COCTOJIHHH 06yCJ10BJleHa B3aHMOAeHCTBHeM 

KBa3H4aCTH~ c $oHoHaMH. 8115/ paCC4HTaHa $parMeHT84HR nepeblx 
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ABYX KBSApynOJlbHbiX H OKTynOJlbHbiX cj)OHOHOB nO HH3KOJ1e>+<.aUV.1M ypos-
HRM e 116 Cd, 120 Sn , 124 Te ·, 134 Xe H 1~2 Nd. B 111 •121 pac-
C4HTaHa q>parMeHTS4H.I1 OAHOQ>OHOHHbiX CQCTO.AHH~ H nOJ1Y4€Hbl CHI10Bb1€ 

cJ)yHK4HYI AJlR El- , E2-, E3-, Ml-H M2· -nepexo.QoB so MHOrJ.IIx 
c¢ePH4eCKHX .AApax s o6nacr.Ax npoMe)t(yT04HbiX 3HeprH~ eoa6ymAe
HHA H rHraHTCKHX pe30H8HCOB. 

B ASHHoi:i pa6ore Mbl H3Y4S€M cJ)parMeHTSLV110 ABYXKBS3J.14acn14HbiX 
COCTOAHJ.1i::t nma 114aCn14S-AbiPK8 11

• 1-iMeeM B. BJ.1AY TaK)f(€ ABYXKB83H-
4SCn1YHble COCTOAHHR nma 11 B8J1€HTH8R l.l8CH1l~a - AblpK8 11 H 11 4aC
TH48 - eaneHrHa.A 4SCTH4a'', npH4eM eaneHTHaA Ksa3H4acna~a Ha
XOAHTC.A Ha OAH048CTH4HOM ypOBHe, COOTB€TCTBYIO~€M OCHOBHOMY Co
CTO.AHHIO H€4€THOrO AAPS-MHW€HH. ~Jl.A onHCSHHR $parMeHT84HH ,QByx
KB83H'-taCTHI.tHbiX COCTOFIHHt1 THna 111..18CTH4a-1..18CTH4a 11 Cile,QyeT yyH
Tbi88Tb OCTaTO'-IHble 838HMO,Qea7fCTBHR 8 KaHa!le 1..18CTVt4a-l..laCTV148, 
$parMeHTaU,HFI ABYXKB83HI..IaCTHI..IHbiX COCTOFI~HH THna 11 4aCTH4a-,Qblp
Ka11 o6yC!lOB!leHa, eo-nepBbiX, B3aHMO,Qet1CTBHeM Me>KAY K883HI..I8CTVt-
4aMH, B peay!lbTaTe KOTOpOrO $OpMHpyiOTCR O,QHO$OHOHHble COCTOR
HHR H, BO-BTOPblX, B3aHMO,Qet1CTBHeM KBa3Vtl..laCTHU, C $OHOH8MH. 

~3YI..IHM B!lHRHHe Ka>K,QOrO H3 3THX ABYX $aKTOPOB Ha q>parMeHTa
U,HIO ABYXKBa3HI..IaCTHI..IHblX cocTORHHH. Ha pHc.l npHee,QeHa <PparMeH
TaU.HR ABYXKBa3HI..I8CTH4HOrO COCTORHHR { 2d 312 , 2 d 5 ~ j B 92 Zr. 
C J"~ 1+, z+, 3+ H 4+.COOTBeTCTBYIO~He $OHOHbl HMeiQT 3HeprHH 
a HHTepaane 4+4,5 MaB H KOMnOHeHTa {2d3~ ,2d 5~ I a HHX RB
nReTCFI npesanHpyiO~eH. ~3 PHCYHKa BH,QHO, '-ITO B3aHMO,Qet1CTBVte 
KBa3HI..ISCTHU, C $OHOH8MV1 cy~eCTBeHHO yCH!lHBaeT q>parMeHT8U,HIO 
3TOro ABYXKBa3HI..I8CTHI..IHOrO COCTORHHR H ,Q!lR COCTORHHH C J 77=2 +, 
3+ "' 4+ OHa aenHKa. 

ci>parMeHTaU,HR ABYXKaaaHI..IaCTHI..IHbiX cocTOFIHHH l2d 312 , tg 912 I 
C J17 = 3+, 4+, 5+ J.1 6+ B l 20 Sn npHBe,QeHa Ha pHc,2. 3TH ,QByx
KB83H48CTHI..IHble COCTORHHFI 3aMeTHO ¢parMeHTHpOB8Hbl y>Ke Ha CTa
,QHH o6paaosaHHR (j)oHoHoa. Cl>parMeHTau,HR ABYXKBa3H4aCTH4HbiX co
CTORHHH C y~eTOM B38HMO,Qea7fCTBHFI KB83H4aCTHU, C $OHOH8MH npe,Q
CT8B!leHa 8 BH,Qe CH!lOBOH ¢YHKU,HH /2.20/. CyMM8pH8R CHI18 COCTOR
HHH Ha PHCYHK8X a/ lo1 6/ O,QHa H Ta >Ke. ~3 pHCYHK8 BH,QHO, 4TO 
B38HMO,Qet1CTBHe KB83H4aCTHU, C $OHOH8MH npHBO,QHT K ,Qa!lbHeHweH 
H 6onee CH!lbHOH (j)parMeHT8U,HH ABYXKBa3H4aCTH4HbiX COCTORHHH. 
0CHOBH8R 48CTb CH!lbl COCTOFIHHH { 2d S/2 , lg 912 j CKOHU,eHTpHpoeaHa 
e o6nacTH 7""9 1138. 

Ha OCHOBaHHH paC4eTOB MO>KHO C,Qe!laTb BbiBO,Q, 4TO ¢parMeHTa
U,HFI ABYXKBa3H48CTH4HblX COCTORHHa7f Onpe,Qe!lReTCR B38HMO,QeHCTBHeM, 
$OPMHPYIO~HM $OHOHbl, H eaaHMO,QeHCTBHeM KBa3H48CTHU, C ~OHOHaMH. 
npH H3y4eHHH 4JparMeHT8U,VtH ABYXKB83H48CTH4HbiX CO'CTOFIHHH THna 
11 48CTHu,a-,QblpKa 11 He06XO,QHMO Y4HTb188Tb B38HMO,Qea:iCTBHe K883H48C
THU, C $OHOH"aMJ.i. 
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