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3ai!Aellh K., Mallcrep A., na6cr Lt. P3 - 11742 
J.130MepHbli! CABHI' Hei!TpOHHbiX pe30H8HCOB, 

S, OnpeAeneHHe pa3HOCTH nnorHocreli 3/leKrpoHoa Ha Mecre 
Slllpa MeTallllH'IeCKOI'O ypaHa II pa3HbiX el'O COellHHeHHli 

YcraHoaneHt,I pa3HOCTH nnorHocreli 3/leKrpoHoa Ha Mecre Slllpa 
MeTannH'IeCKOI'O, rpex-, 'leT&Ipex- 11 mecrl!aaneHTHOI'O ypaHa. Pac'leTbi 
OCHOB8Hbl Ha 3KCnepi!MeHT81lbHbiX naHHbiX, H3BeCTHbiX no XHMH'IeCKOMy CABHI' 
peHTI'eHoacKoll Lal -nHHH8 ypaaa, a raK~e no H3MeHeHHID nocTOIIHHOi! 

paAIIOBKTIIBHOI'O pacnaAa HYKilHAa 2350 * , Bbi3BBHHOMY BllHIIHIIeM XIIMII'IeCKOH 
CBSI3H, 

Pa6ora a&monHeHa a lla6oparopHH HelirpoHHol! <jlH3HKH OH.Rl1. 

Coo6meaae 06beaaaeaaoro HHCTHTyTa smepabiX accnenoaaaaii • .Qy6aa 1978 

Seidel K., Meister A., Pabst D. 

The Isomer Shift of Neutron Resonances. 

3, Determination of Electron Density Differences 
at the Nucleus betw-een Uranium Metal o.nd Various 
Uranium Compounds 

P3 - 11742 

Electron density differences at the nucleus between uranium 
metal, trivalent, tetro.valent, o.nd hexavalent uranium compounds 
have, been determined. The calculations are based upon experimen
tal values know-n for the chemic3.l shift of the Lal x-ray line of 
uranium and for chemically induced changes in the radioactivity 
constant of 2350 *. 

The investigation has been performed at the La.boro.tory 
of Neutron Physics, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1978 
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1. BBE,l(EHHE 

M3oMepHhiH c.nsHr 3aBHCHT KaK OT s.nepHoro 4JaKTopa 

~<r 2 >, TaK HOT 3neKTpOHHOrO 4JaKTOpa i\\'1' 8 (0)\ 2
• fio3-

TOMY onpe.neneHHe HCKOMoro H3MeHeHHH cpe.nHe~aa.npa
TH'IHoro pa.nuyca i\ < r 2 > Tpe6yeT ycTaHoaneHHH pa3HOcTeB: 

nnoTHOCTeB: 3neKTPOHOB Ha MeCTe s.npa A\'1'8 (0)\ 
2 

no.nxo

.noM, 6onee HnH MeHee He3aBHCHMhiM OT H3MepeHHH no H30-

MepHOMY C,IJ.BHry. llo cyi.QeCTBY, HCnOnb30BaHHbiH HaMH 

cnoco6 pellleHHH 3TOH npo6neMbl COCTOHT B TOM, 'ITO Haxo

,IJ.HTCH ?4J4JeKTHBHbie KOH4JHrypai.J;HH aaneHTHbiX 3neKTpOHOB 

a MeTanne H pa3HhiX coe.nHHeHHHX ypaHa, a 3aTeM paccqu

TbiBaroTcs COOTBeTCTBYIDI.QHe pa3HOCTH nnOTHOCTeH 3neKT

pOHOB C HCnOnb30BaHHeM ,IJ.aHHbiX no HOHaM. )l,nH onpe.neneHHH 

34>4>eKTHBHblX KOH4JHrypaUHH MO)KHO BOCnOnb30BaTbCH 3K

cnepHMeHTanbHbiMH pe3ynhTaTaMH aaTopoa, uccne.nosaa

rnux c.naur peHTreHOBCKHX La 1 -nHHHH ypaHa /t/ H 3aBHCH

MOCTh nOCTOHHHOH pa,IJ.HOaKTHBHOrO pacna.na 75-3B nepe

XO,IJ.a HyKnH,IJ.a 235 U* OT BH,IJ.a XHMH'IeCKOH CBH3H /
2

/ • 

llocne.nyromee onpe.neneHHe pa3HOCTH nnoTHOCTeB: 3neKT

pOHOB OCHOBaHO Ha npHHI.J;Hne Hano)KeHHH, npe,IJ.nO)KeHHOM 

An.nepoM H .np/3< H Ha .naHHbiX liaH.na H .np./4/ no 3neKT

poHHOH nnOTHOCTH Ha MeCTe H,IJ.pa B HOHaX . 

2. TEOPETHIJECKA.JI IfACTb 

2.1. XuMu<~ecKuil coauz peHtll2eH06CKUX AuHuil 

An.nep H ,IJ.p. / 3 / yKa3anH Ha TO, 'ITO 3KpaHHpyroi.QHH no

TeHn;Han 3neKTpOHOB 3aBHCHT OT BH,IJ.a XHMH'IeCKOH CBH3H 
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o6pa3ua. Pa3HOCTH 3Toro noTeuuuana Bb13WBaroT XHMH'lec
xue C,IJ,BHrH L\E R peuTreuoacxux nuuuii. Ouu 3aBHC1t:T oT 
pa3HOCTH cTeneuu ,IJ,enoxanu3allHH 8 P nk aaneHTHbiX nk -
3nexTpouoa. Pac'leTbi no MeTo,IJ,y XapTpu-<l>oxa noxa3biBa-

IOT, 'ITO COOTHOIIIeHHe Me)I(,IJ,y 8 Pnk H L\ E R npu6nH3H
TenbHO nuueiiuoe. llycTb, uanpuMep, 8E ~~ - C,IJ,BHr xaxoii
uu6y,IJ,b kx -nuuuu npu nonuoM y,IJ,aneuuu O,IJ,Horo nk-3neKTpo
ua. Taxoe npe,IJ,nono)l(eHue cooTBeTcTayeT cnyqaro H,IJ,eanb
uoro /cao6o,IJ,uoro/ uoua, r,IJ,e 8P 11k = 1. Tor,IJ,a ua6nro-

- AEnk ,IJ,aeMblH C,IJ,BHr Ll R Me)I(,IJ,y peHTreHOBCKHMH ilHHHRMH 

)J.BYX peanbHblX COe,IJ,HHeHHH, r,IJ,e 06biKHOBeHHO 8Pnk < 1, 
COCTaBHT 

L\ E nk = 8 p • 8 E nk 
R nk kx /1/ 

Ecnu uecxonbKO pa3nuquwx aaneHTHblX 3neKTpouoa npuuu
MaeT yqacTHe B o6pa30BaHHH XHMHqecKOH CBR3H, TO BKna,IJ,bl 
OT,IJ,enbHbiX BaneHTHbiX 3ileKTpOHOB CKna,IJ,biBaiOTCR H 06IQHH 
C,IJ,BHr L\E total 6y,IJ,eT 

L\ E = ~ i\E nk ,., ~ o P o E nk 
total nk R nk nk kx /2/ 

B qacTHOCTH, ~n,x La 1 -nuuuu ypaua, uccne,IJ,oaauuoii Ma
xapoBbiM H ,IJ,p.;l;, nonyqaeTCR o6IQHH C)J.BHr 

nk /3/ i\E L = ~ o P k oE 1 , 
a1 nk n 'a1 

r,IJ,e nk = 5f , 6d , 7s, nOTOMY 'ITO OCHOBHaR KOH<l>HrypaUHR 
BaneHTHbiX 3ileKTpOHOB ypaua - (5f) 3 (6d) 1 (7s) 2. 

Ba)I(HO, 'ITO HMeeTCR nO,IJ,06HOe COOTHOIIIeHHe Me)I(,IJ,y 
o6IQeii pa3HOCTbiO L\IIJI e (0) 1 

2 · nnoTHOCTeii 3neKTpouoa ua 
MeCTe R,IJ,pa, pa3HOCTbiO CTeneHH ,IJ,enoKanH3aUHH 8 p nk H 
axna,IJ,aMH 8 I 'Pe (0) l~k, OT,IJ,enbHblX aaneHTHbiX nk- 3neKTpo
uoa B 3TY pa3HOCTb /3/ : 

L\ IIJI (0) 12 = ~ 8 p k 81 'P (0) 12k . 
e nk n e n 

nk 
Kax 8 E L Tax 

al ' 
nOMOIQH MeTO,D.a 

4 

2 
H 8 IIJI (0) I k e n 
XapTpH- <l>oxa 

Ha,D.O 
HilH 

/4/ 

paCC'IHTbiBaTb npH 
no,D.o6uoro cnoco6a. 

,D.nx ypaua ueo6xo,IJ,HMble ,IJ,auuwe uaii,IJ,yTCR a Ta6nuuax 

'4' l>au,IJ,a u ,IJ,p. ' ' xoTopbie ,IJ,nx acex o6ono'leK u pa3nH'IHblX 
cTeneueii Jacen~HHOCTH aaneHTHblX op6HT pacc'IHTanu ae-

nH'IHHY 

N 
4 

-(2j-n. -(2j-t)\ 111 <)I 2 
nk = rr a 11m r -r e r nk 

r _. 0 , /5/ 

H C06CTBeHHbie 3Ha'leHHR 3HeprHH f nPj 3ileKTpOHOB. llo-
cne,IJ,HHe ,IJ,auuwe ,IJ,aJOT c,IJ,aHr La 1 - nuuuu Me)I(,IJ,y ,IJ,BYMR 
paccMaTpuaaeMblMH xou<PurypaUHRMH I H I I, onHCbiBae-

- .1- - 11 I MbiH ..,opMynou ' ' : 

nk II I 
L\E R = ( <3ct5/2~f2p3/~ -(c3d5/2 -£2p3/2) /6/ 

3aaucuMOCTb c,IJ,aura AE ~k oT pa3HOCTH cTeneueii ,IJ,enoxa
nuJauuu oP nk • nonyqeliHaR ,IJ,ilR ypaua no ,IJ,aHHbiM liau,IJ,a 
u )J.p., H3o6pa)l(eHa ua puc. 1. QqeBH,IJ,HO, 'ITO npe,IJ,nono)l(e
uue o nuueiiuocTH 3TOH <l>YHKUHH pa3yMHO. KpoMe Toro, 
OKa3biBaeTCR, 'ITO npH O,IJ,HHaKOBbiX 3Ha'leHHRX BeilH'IHH 8P nk 
anuxuue 5f - 3neKTpouoa ua C,IJ,BHr Lat-nHHHH cyiUeCTaeuuo 
npeBOCXO,IJ,HT BKila,IJ, OCTailbHblX aaneHTHblX 3neKTpOHOB. 

2.2. 3aeucu.\wcmb nocmo.RHHOU paouoaKmueHozo 
pacnaoa om euoa xuMu'lecKoi1 ce.R3U 
OA.R 75- 3B nepexooa HYKAuoa 235 U * 

llo,IJ,po6uoe H3ilO)I(eHHe TeOpHH 3aBHCHMOCTH noCTOJIH
HOH pa,IJ,HOaKTHBHOrO pacna,IJ,a OT CTpOeHHJI 3ileKTpOHHOH 
o6onoqxu Jaxnroqeuo a pa6oTe / 5/. llpH 75- 3B nepexo,D.e 
235 U * BH,IJ. XHMH'leCKOH CBR3H BilH.IIeT Ha BHyTpeHHIOIO 
KOHBepCHIO. 3<P<l>eKT 3TOT ,IJ.OBOilbHO cuneH, TaK KaK 6naro
,D.apH HH3KOH 3HeprHH ,D.auuoro nepexo,D.a xouaepcux npo
ucxo,IJ,HT TOilbKO BO BHeiiiHHX 3neKTpOHHblX op6~TaX H K034>-
4>HUHeHTbl BHyTpeHHeH KOHBepCHH /KBK/ BeCJ.Ma aeJUIJCH. 
OTHOCHTenbuoe H3Meueuue L\A/ >.. nocTo.IIHHOi p8..D.HOaKTBB

uoro pacna,IJ,a a cnyqae auyTpeuueii xouaepcuu: 

2 
_L\A _ 1 y ankL\IIJie (R)\ nk 

A - l+ a ilK --~ IJl e (R) 1;; 
1 

1+(2 

~ ank L\Nnk 
~k------ /7/ 

N nk 
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L>E~r 
mev 

500 

25:1 

0 

E6d.7s 
~ 
meV 

25 

,.... /,(6dl1(75 )
2 

// -

/ ;>";' 

, ,....--:........... \ (6d)2(7slz 

/ .~ 

~-,... 

d'P5t 

6d 

(5f) 3 (7sl 2 

~ 
. (5fJ3(6d1(7tJI 

2 d'P6d.7s 

AEnk >: p· Puc. 1. 3aeUCUMOC111b n R 0111 u nk . 

r.u;e a o6oJHaqaeT o6~Hi, a a nk- qacTHqHble KBK, R - pa.u;Hyc 

.11.u;pa. qHcneHHble JHaqeHHJI KBK paccMaTpHsaeMoro nepexo

.u;a npHse.u;eHbl B ma6A. 1. 
,lJ;nJI ypaHa 5f- , 6d- , 7s- 3neKTpOHbl JIBnJIJOTCJI Ba

neHTHbiMH. EcnH paccMaTpHBaJOTCJI ypaHOBble coe.u;HHeHHJI 

C pa3HbiMH BaneHTHOCTJIMH, TO H3 .u;aHHbiX ma6A. 1 Cne.u;yeT, 

qTo senHqHHa tl A 1,\ .u;onlKHa 6biTb nop.11.u;Ka npou.eHTa, TaK 

KaK 6d -3neKTpOH np.IIMO yqaCTByeT B o6pa30BaHHH XH

MHqecKOH CBJI3H. KpoMe TOrO, Ha,D;O OlKH,D;aTb, qTo 6p t/
2

- H 

6p 3/2 - 3neKTpOHbl HrpaJOT 3HaqHTenbHYJO ponb, llOTOMY 

qTo HX oqeHb 6onbWHe KBK BbiCTynaJOT B CYMMe cllopMynbi 

6 

Ta6Aulla 1 

Ko3«W!HD.HeHTbl BHyTpeHHei KOHBepcHH IKBKI npH 

75- 3B nepexo.u;e HyKnH.u;a 235 U * 

P6ono'li\a 1:aCTHqH!lli :KBK 0THOCHTCli:&HHH :KB:K 

o<. ., >< BC6H o6o- Bceli o6o:ro'llm 

JIQqRH [%] 

(5 f51z. )3 6,05 • 1017 0,123 

(651/'l. )2 4,38 • ro17 0,089 

(6 P•l2. )2 2,50 • ro20 51,02 

(6 J'3l2. )4 z,26 • ro20 46,!2 

(6 cbJz. )I !,28 • m19 2,61 

(?s., .. )2 3,56 • ro16 0,0(!7 

0<.. =:2:<X., .. = 4,9·!0
20 

- f 
I 

' 

11 I B KaqecTBe 6onbWHX secoBbiX MHO)I(HTenei. BKna.u;bl 

.u;pyrHX op6HT TaK Manbl, qTO MO)I(HO npeHe6peqb HMH. 

HTaK, B cyMMe yKaJaHHOrO COOTHOWeHHJI HYlKHO yqHTbiBaTb 

TPH qneHa. 

fipH OIJ,eHKe JHaqeHHH 3THX qneHOB MOlKHO nonbJOBaTb

CJI o6o6~eHHeM npHHIJ,Hlla HanolKeHHJI, Ha KOTOpOM OCHOBaHa 

cllopMyna I 41, JanHCbiBa.ll 

- - nk 
~ N6p 1/2 = ]i 0 ~p 1/2 ° pnk 

-5f -6d -7s 
= o N6 P1; 2 oP5 r + o~p 1 ;2oll>d + oN6 P1; 2 oP78 181 
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H 

- - nk 
L\N ap3/2= ~ oNap3/2°pnk 

/9/ 
-5r -act -7s 

= oNap3/2 °~r +8 Nap3/2°pact + 8 Nap3/2 oP7s ' 

- nk 
r.z:te oN a pi o6oJuaqaeT HJMeueuue aenH'IHHLI N 6pi npu 
nonuoM Y.z:taneuuu O.z:tHoro aaneHTHoro nk-3neKTpoua.Ecnu, 
KpoMe Toro, BKna.z:t 6d- 3neKTpoua BLipa)KaeTcJI qepeJ 
OTHOWeHHe 

L\Nact3/2 
a 3 /o -~-------
6d ·· ~ N act3/2 a 6d3/2 ° P6d3/2 • /10/ 

To ypaaueuue /7 I .z:taeT 

I'\ A 1 aap 1/2 -
-- = ---! --=--- ANap1/2 + 
A 1 +a Nap l/2 

a6p3/2 t\Na 3 !z+ ----- pI 
Nap3/2 

/11/ 

+ 0 Pad3/2 a act3/2 l ' 

HnH, C y'leTOM ypaBHeHHJI /8/-/10/ H 4JaKTa, 'IT01<<a: 

- nk 
L\A -~~- L 8Nap1/2 oPnk + -A-- _ nk 

a N6p1/2 
/12/ 

+ ~.fuLaLg 

aN ap3/2 

- a L oNnk oP +- 6ct3/2 0 p 
nk ap3/2 nk act3/2 ' 

a 

r.z:te nk=5f , 6d, 7s. 

113Meueuue BenH'IHH Nap 1/ 2 u N6P 3/ 2 B JaBHCHMOCTH 
OT pa3HOCTH CTeneHH .z:tenoKanHJal.{H~ 0 p nk BaneHTHbiX 
3neKTpOHOB H306pa)KeHO Ha puc. 2 H 3 / 4/. 

KaK OKa)KeTcJI .z:tanee, JaceneHHOCTL aaneHTHLix op6uT 
- ~ 3 B peanLHLIX coe.z:tHHeHHJIX TaKoaa, 'ITO N6p 1/2 = 1,91 ·10 a0 

H Nap 3;2 = 1,65·10 
2 

a 03 . Ilpu ucnonLJoaauuu 3THX .z:taHHLix 

8 

~I -Nil 
''!;p112 &p1i2 

, ozo 3 
0 

2.0 

1.C 

0 
0 2 d'Ps, 

-I - n 
N&p11z- N6p112 

, o2 aa3 
02 

01 

2 
d'P&d. 7s 

Puc. 2. H3MeHeHue Nap 1/2 8 3aeucUMOC111U om oPnk 

H KBK H3 ma611. J MO)KHO nepenucaTL ypaBHeHHe /12/. 
,IJ.n.H OTHOCHTenLHOrO H3MeHeHHJI llOCTOJIHHOH pa.L{HOaKTHB

HOrO pacna.z:ta nonyqaeTCJI 

I'\ A 
A 

0,510 ------ s oN nk oP 
1,91-103 nk apl/2 nk + 

0,461 ~ - nk S> 0 026 S> p 
+ --- oNa 3 12uP k + · u act3/2 

1,65·102n p 1 
n 

/13/ 
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0,200 

0,100 

0 

2 JP51 

0 050 

6d 

0,025 

'\. 7s 

0 
(Sfl3 16dP ( 7sl1 

0 
2 d~d.7s 

Puc. 3. H3MeHeHue N6p3/2 6 3Q6UCUMOCIIIU 0111 olbk. 

- nk 
r.ne nk = 5f , 6d , 7s H 15N 6pi Bblpa>KaeTcJI B eAHHHIJ,ax 

-3 . 
a 0 .B OTHOWeHHH BaJieHTHbiX 3JieKTpOHOB c)opMyJia 3Ta yKa-

3LIBaeT Ha TOT c)aKT, 'ITO TOJILKO 6d- 3JieKTpOH Dp.BMO BJIHJI· 
eT Ha !Y../A. 

10 

~ 

' 

' 
J 

3. OIIPE/1EJIEHHE 3t1HPEKTHBHMX 
3JIEKTPOHHMX KOHtPHTYP.AaHif 

B ma6A. 2 Dpe,ncTaBneHbl 3KCDepHMeHTaJILHble .naHHble 

MaKapoBa H .np. /1 I Do XHMH'IecKoMy CABHry La1 ·JIHHHH 

ypaua H H3B Ae MeBepruHeca 121 DO H3MeHeHHIO DOCTOJIH

Ho:ii paAUoaKTHBHoro pacnaAa HYKJIHAa 235 U * . KpoMe 

TOro, DpHBe,l\eHbl 3Ha'leHHJI BeJIH'IHH flE La 
1 

H flA/A, 
paCC'IHTaHHble DO c)opMyJiaM /3/ H /13/ C HCDOJIL30BaHH-

eM yKa3aHHbiX B IIQ6A. 2 3c}lc)eKTHBHbiX 3JieKTpOHHbiX KOH

c)Hrypau.H:ii, KOTOpble cneAYIOT H3 AaHHbiX pa6oTbl I 1/. 

IIpH 3TOM - KaK H Aanee - DpeADonaranocL, 'ITO MO>KHO 

DpeHe6peqL pa3HHIJ,e:ii Me>KAY DJIOTHOCTJIMH 3JieKTpOHOB 

pa3JIH'IHbiX COe,l\HHeHHH ypaHa 0,1\HOH H TOH >Ke BaJieHTHO-
CTH. • 

0Ka3biBaeTCJI, 'ITO eCTL 3Ha'IHTeJILHLie paCXO>K,neHHJI 

Me>KAY paCC'IHTaHHLIMH H 3KCDepHMeHTaJILHbiMH ,1\aHHbiMH. 

1Io3TOMy 6onee TO'IHble 3Ha'leHHJI pa3uocTe:ii CTeDeHH Ae-

noKaJIH3aiJ,HH /5 p nk ODpe,l\eJIJIJIHCL DpH DOMOIIJ,H DO,l\rOHKH 

3KCDepHMeHTaJILHbiX ,1\aHHbiX K paCC'IHTaHHLIM DyTeM DOA· 

6opa C DOMOIIJ,LIO ypaBHeHHH /3/ H /13/. Ba>KHO DpH 3TOM 

Y'IHTLIBaTL, 'ITOkHaKJIOHLI DPJIMLIX ua puc. 1-3, a cneAOBa

TeJILHO, H flE; H oN 6p 1/2 , i5N 6p3/2 3aBHCJIT He 

TOJILKO OT op6HTaJILHOro KBaHTOBOrO 'IHCJia paCCMaTpHBae

MOrO BaJieHTHOro 3JieKTpOHa, HO H OT CTeDeHH ,l\eJIOKaJIH-

3aiJ,HH OCTaJILHbiX BaJieHTHbiX op6HT, yKa3aHHOH Ha pHCYH

KaX. HaAo A06aBHTL, 'ITO 3TO cyliJ,eCTBeuuo TOJILKO AJIJI 

5f - 3JieKTpOHOB, TaK KaK BJIHJIHHe 7s- H 6d - 3JieKTPOHOB, 

BO BCJIKOM CJiy'lae, 3Ha'IHTeJILHO MeHLWe. 

TaKo:ii DOAXOA AaeT pe3yJILTaTbl, 3aDHCaHHble B 11a6A. 3. 
BHAHO, 'ITO DpH yKa3aHHLIX 3c)c)eKTHBHLIX KoHc)HrypaD,HJIX 

BaJieHTHbiX 3JieKTpOHOB DOJiyqaeTCJI OTJIH'IHOe COrJiaCHe 

Me>KAY paCC'IHTaHHbiMH H 3KCDepHMeHTaJILHLIMH ,naHHbiMH. 

4. PACqET PA3HOCTEH 3JIEKTPOHHOH 
IIJIOTHOCTH 

Cornacuo ypaBHeHHJIM 14/ H /5/, AJIJI o611J,ero H3MeHe

HHJI 3JieKTpOHHOH DJIOTHOCTH, DOJiy'leHHOrO DpH DepeXO,l\e 
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N 

IJ3aneHT-
jHOCT:& 

0 

+3 

+4 

+6 

Ta611ulla 2 

11CXO,II.Hble 3Ha\feHH.H. 34J4JeKTHBHblX KOH4JHrypal.I;HH BaneHTHblX 
3neKTpOHOB 

KoHi!iH:tY:Qarrrur 06p3:~eu ~ AE',_ .. ~ .rE::_j 
1.1aB wa:B M,U88JThHOI'O ldOH8 peaJThHOI'O ":?/ waD (aTOM8) (aToMa) no I no /I/ no (3) wr (6) no pzc.I 

(sff(!,d)1 (1s) 2 (sf)2 (bdr~ (=ts)L Ull6T8JIJl -20!-:--215 - 202 220 

(S"f)3 {&dt{1s)o I I 116 UF31 Ul3r3 (sft.s {hd (is)' 
!90+201 156 2?5 

(Sf} 2. (Wt C1s )0 (sf} 2(bdf'1'(1s)1,16 UDz., Uh. 

{5f) 0 (bdt (1st 
osB 1 16 Il9+I40 55 300 (sffti,cJ)' (1s)' uo3,uopJ03)2.. 

A~/11 A "A h.. ,-- ,--
no (I3) no 121 

- -
- -

4.5 5.6 

------------------··-·--···· --------- --------------

BaneHT-
HOCT:& 

0 

+3 

+4 

+6 

Ta611ulla 3 

KoHe'IHble 3Ha'leHHB J«PcPeKTHBHbiX KOH4JHrypau;HB: 

H COOTBeTCTBYIOil.J;He 3KCllepHMeHTanbHble H pac'leTHble 
.D.aHHble 

_Ko 1.Rt: wen fll!llii 
06paseu Ac!:f!;l AE,_,._. ,{Et;.., .ll.neaJThHOI'O 11JOHa peam.Roro i:IOHa M3B uaB ll3B (eTOMa) (8TOM8) no /I/ no (3) 11 (6) no pzc.I 

(sff(i,d)1 (1s)l. (5f)"'"(6d)1.{ 1 s?" U Me'i'SJlJI -20I + -2!5 - 20? 220 
(sf )

3 
(i,dt (1st {.'if)Z,15({,4 (is)1,1' Uf3 , UBt3 

I90 7 201 193 268 (sf)'"[6dt (1s) 0 
(s~t·o'{(,dr' (1sr·1' uo1., u~ 

(!>f / (6d)
0 Ost (Sfr1(t,df

0
{1:l'1' U03,uo ... (N03);~. II9 ~ 140 129 300 

A?./71 U./11 
~ ~ 
no (!3) no 121 

- -

- -

5.6 5.6 



OT O~HOrO XHMH\.feCKOrO coe~HHeHHH K ~pyroMy, MO~HO 
3anucaTb, y'IHTbiBaH TOnbKO s- H p ¥2 - 3nexTpOHbl: 

I 2 - ~ - nk 4 rrfl..l Pe(O)I =fi..Ntotal=- oNtotal oPnk 
nk 

1141 

- nk r~e oN total o6o3HaqaeT H3MeHeHHe aenH'IHHbl N total npH 

coaeprneHHOM y~aneHHH O,IJ.Horo nk - 3nexTpoHa I nk"' 5f , 
6d , 7s 1. 

- nk 
3aBHCHMOCTb H3MeHeHHH aenH'IHHbl Ntotal OT pa3HOCTH 

CTeneHH ~enoKanH3aUHH BaneHTHbiX 3neKTpOHOB H306pa~e
Ha Ha pUC. 4. fipH DOMOIUH 3THX KpHBbiX H yi<a3aHHbiX B 

NI - fllll 
total tctul 

1 o: a ~J 
0 

• so 

St 
!6dPI7sl 2 

• 25 

6d 
lstr 17sl2 

0 
2 

cfPst l'id. 7s 

~ 25 

Puc. 4. H3MeHeHue N total e 3aeucu.Mocmu om o Pnk · 

14 

ma6A. 3 3Ha'leHHHX 3lPlPei<THBHbiX 3fiei<TpOHHbiX KOHlPHrypa

UHH pa3HOCTH 1\ N total, Me~~y OT ~enbHbiMH napaMH o6pa3-

uoa, a 3aTeM H 1\ I'Ve(O) 1
2 Mo~o c nerxoCTbiO paccl.fHTaTb 

no <PopMyne 1141. 
Ha~o oueHHTb norpeiiiHOCTb Tai<HX ~aHHbiX. ITo 3ai<oHy 

raycca H3 lPOPMYfibl 1141 nonyqaeTCH 

- C - nk . 2 - nk 2 
1"1(/'I.Ntotal)=v '£ !oNtota!MoPnk)k:~ loPnkMoNtotal)l. 

ilk nk 

1151 

r~e nepe~HHH 3Hai< L'1 ynoTpe6nHeTCH B Ka'leCTBe CHMBOna 

cpe~HeH OlllH6I<H. ,lJ;aHHbie no 3Ha'leHHHM BenH'IHH oN r:tal 
MO~HO B3HTb H3 ma6A. 4 H pUC. 4, a no 3Ha'leHHHM BenH

'IHHbl o P nk - H3 ma6A. 3. llpe~nonaranocb, 'ITO OTHocu-

TenbHaH OlllHfii<a BenH'IHHbl oNt~~al paBHHeTCH 10%. 3TO 

3Ha'leHHe CXO~HTCH C ~aHHbiMH An~epa H ~p_IS/ no TO'IHOCTH. 

,D;anbrne npe~nonaranocb, 'ITO OTHOCHTenbHaH ornu6xa pa3-

HOCTH cTeneHH ~enoxanH3aUHH o P5 r npH napax U MeT an. -

UIII H UIII- UIV TaKaH ~e, xax H OIIIH6I<a 3I<cnepuMeHTanb

HbiX ~aHHbiX MaxapoBa H ~p. /1/, Tal< I<aK XHMH'IeCKHH 

C~BHr peHTreHOBCKOH La l - fiHHHH nO'ITH HCKfiiO'IHTenbHO 

3aBHCHT OT 0 P 5r · fiopH~OK 3TOH OlllH6KH - 12-14~. 
qTo xacaeTcH 7s - 3neKTpoHOB, TO npe~nonaranacb 

OIIIH6Ka nopH~Ka 18o/o ~ng 0 P
78

, nOTOMY 'ITO cymecTBYIOIUHe 

3KCnepHMeHTanbHbie ~aHHbie ~OBOfibHO Mano rOBOpHT 0 

noae~eHHH 7s - 3fieKTpOHOB. 

CHTyauuH ~ng 6d -3neKTpoHa oTnuqaeTCH HeMHoro.ITpe~

nonaranacb ornu6xa nopH~Ka 15o/o ~nH nap U MeT an.- UIII H 

UIII -UIV , noToMy 'ITO a 3TH X cnyqagx cTeneHb ~enoxanu-

3aUHH Cna6o BfiHHeT Ha XHMH\.feCKHH C~BHr peHTreHOBCKHX 

nHHHH. O~HaKo ornu6xa yMeHbrnaeTCH y napbl UIV- UVI 
TaK KaK 3~ecb MO~Ho ynoTpe6nHTb pe3ynbTaTbi H3B ~e 
MeaeprHHeca /2/ ~ng 6onee TO'IHoro onpe~eneHHH 3aceneH

HOCTH 6d- H 5£ - 3neKTpOHOB. TI03TOMY npe~nonaranOCb, 

'ITO OTHOCHTefibHaH OlllH6Ka KaK no 0 p6d• TaK H no 0 p 5f B 

3TOM cnyqae COCTaBHT TOfibKO 1Qn1-. -~ - 2 
TionyqeHHbie KOHe'IHbie ~aHHble no fl.. N total , 1"11 'Pe (0) I 

H HX OlllH6KH npe~CTaBneHbl B ma6A. 4. YKa3aHbl Ta~e 
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Ta6Auija 4 

PacqeTHLie 3HaqeuuJI aenuquu i\N 
total 

H A I 1{1 (0) 12 
e 

Oapa o6pa3UOB llN total l'li'Ve(0)[2 oN t~rtal 
---·-- ------- ----- -----

102a-3 
0 

1026 CM-3 10 2a - 3 
0 

U MeT aJIJI - UIII -25,0:!:_5,6 -13,4:!:_3,0 33,5 

UIII - UIV + 19 ,4:!:_4,9 + 1 0,4;t2 ,6 30,0 

UIV - UVI +20 ,3:!:_3,2 +10,9:!:_1,7 29,0 

-
JJ.aHHLie no oN total , ucnonLJoBaHHLie )J.nJI pa3HLIX nap 

o6pa3:u:oa npu pacqeTax. 

5. 3AKJIIOIJHTEJibHb/E 3AMEIJAHH.JI 

IlonyqeuuLie )J.aHHLie no .'\ \ 'V e (0) \ 
2 

ucnonL3YIOTCJI npu 

OfiCy)I()J.eHHH H30Mepuoro C)J.BHra L\E IS HeHTpOHHLIX pe30-
~ 0 

HaHCOB, KOTOpbiH paBHJieTCJI 

1 1 2 2 2 
!lE 8 =-----TTe z.~\ 1lf(O)I .'\<r /16/ 

0 6 e 
( 0 

r)J.e ll<r 2 >- H3Meueuue cpeJJ.HeKBaJJ.paTHquoro pa)J.uyca npu 

3aXBaTe HeHTpOHa, a e H Z - OfiLiqHble CHMBOnbl. KaK 

BHJJ.HO, cooTuoweuue Me)I(JJ.Y i'lE ~s H i\ \ 'V e (0) I 2 
nuue:Huo. 

Il03TOMY nrofioe HOpMHpOBaHHOe H30fipa)l(eHHe 3aBHCHMO· 

CTH C)J.BHra L\E ~S OT $opManLHOH aaneHTHOCTH V ypaHa 

JJ.OIDKHO cornacoaaTLCJI c Kpuao:H, noKaJauuo:H ua puc. 5. 
3)J.eCL npHBe)J.eHO HOpMHpOBaHHOe H3MeHeHHe nnoTHOCTH 

3neKTpOHOB Ha :r.tecTe JI)J.pa KaK $yHK:U:HJI $opManLHOH aa· 

neHTHOCTH. IlonyqaeTCJI oqeHL xapaKTepHaJI KpHBaJI, BH)J. 

KOTOpOH 3aBHCHT HCKnroquTenLHO OT HCTHHHOH 3<l><i>eKTHBHOH 

Kou<t>urypa:u:uu aaneHTHLIX 3neKTpouoa o6pa3:U:OB. Ecnu 3K" 

cnepuMeHTanLHLie JJ.aHHLie no H30MepuoMy CJJ.BHry npeaLiwa

IOT yKa3aHHble npe)J.enLI norpeWHOCTH, TO Ha)J.O npOBO)J.HTL 

16 

0.75 I 
~~ 

I 't;'!O) i ~TI-l ttJl I~' 77_ 

0.50 

025 u"--,t Uu 

0 2 
3-~,\ 

v 
~~gr __ : 

-0.25 

-0.50 

-0.7') 

-1.00 

-1.25 

-1.50 

2 
Puc. 5. H3MeHeHue \ 1V (0) \ e 3aeucu.Mocmu om V · e 

)J.OnOnHHTenLHYIO nO)J.rOHKY 3neKTpOHHbiX KOH$Hrypa:U:HH, yqu

TbiBaJI OCOfieHHO BKna)J. 7s ·3neKTpOHOB, KOTOpbiH llpJIMO 

BXO)J.HT B nnOTHOCTL 3neKTpOHOB, H, cne)J.OBaTenLHO, B 3Ha· 

qeuue CJJ.BHra. 

B JaKmoqeuue MO)I(HO yKaJaTL, qro pacc:r.torpeHHLie 

JIBneHHJI XHMHqecKoro C)J.BHra peHTreHOBCKHX ~HBH, BnHJI" 

HHJI BH)J.a XHMHqecKOH CBJI3H Ha aenuquuy DOCTO.HBOH pa)J.HO

aKTHBHOrO pacna)J.a H H30MepHOrO C)J.BHra HeiTpOHHbiX pe-

30HaHCOB )J.OnOnHJIIOT )J.pyr )J.pyra BeCltMa BblrOJUIWM ofipa· 

30M B OTHOWeHHH BbiBO)J.OB 0 JaceneHHOCTH :@aJieHTHbiX 

opfiHT. XHMHqecKHH C)J.BHr flER JaBHCHT noqTH BCJCmoqu-
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TenhHO OT CTeneHH ,n:enoKanH3ai.I,HH 5f - 3neKTpOHOB, 3aCe

neHHOCTh 6d- op6HThl CHnhHO BnHJieT Ha DOCTOJIHH}'IO pa,n:HO

aKTHBHOrO pacna,n:a, a H30MepHhiB C,D:BHr /1E~S 3aBHCHT 

,D:OBOnhHO paBHOMepHO OT 3aDOnHeHHJI BCeX BaneHTHhiX 

o6onoqeK. Mo)KHO O)KH,n:aTh, qTo coqeTaHHe 3THX Tpex 

34l4leKTOB ,n:acT B 6y,n:yll.l,eM Ba)f(Hhle pe3ynhTaThl npH Hccne

,n:oBaHHH XHMHqeCKOB CBJI3H B COe,D:HHeHHJIX ypaHa. 

ABTOphl Bhlpa)KalOT CBOIO rny60KYIO 6naro,n:apHOCTh 

JI.Ii .IlHKenhHepy 3a none3Hhie o6cy)K,n:eHHB pe3ynLTaTOB 

3TOB pa6oThi, C. Zschornack 3a npoBe,n:eHHe HeKOTOphiX pac

qeTOB no MeTo,n:y XapTpH-<l>oKa-Cneii:Tepa, D.Hinneburg H 

M.Nagel 3a pacqeT K034141HI.I,HeHTOB BHyTpeHHeB KOHBep-

CHH 75- 3B nepexo,n:a HyKnH,n:a 235 U*. 
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