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p .8 . ~)K OJIOC 

K03cI>tM11.U1EHT MACCH 

B KORREKTHBHOM rAMHRbTOHHAHE H~PA 

H IlPABHRA CYMM ~RH BEPOHTHOCTEA 

E2-IlEPEXO~OB H KBA.llPYilORbHHX ftfOMEHTOB 



B rrocnenHee BpeMH B HnepHofi ¢H3HKe 6onhmoe BHHMaHHe ynenHeTcH 

ITOCTpoeHIIIO TeopHII, KOTopaH o6'hHCHHna 6bi CBOHCTBa KonneKTIIBHbIX COCTOHHHfi 

B c¢ep1IqecKHX H rrepexonm,1x Hnpax. Yame Bcero 3Ta aanaqa pemaeTcH cneny

IOlllHM o6pasoM, CHa'!ana, OCHOBb!BaHCb Ha MHKpOCKOITH'l0CKOM raMHnbTOHHaHe 

Hnpa, rrpH ITOMOlllH pasnH'!Hb!X TeopeTH'leCK!IX MeTonoB CTpOHTCH KonneKTIIBHblH 

raMHnbTOHHaH
11 /. 3aTeM OH HCrronbsyeTCSI nm1 rrpoBeneHHSI, neTanbHbIX pacqe

TOB CBOHCTB Hnep, OnHaKO rrpencTaBnHeTCH paayMHhlM, no Toro KaK rrepexo

nHTb K neTanbHb!M pacqeTaM, OCHOBb!BaIOlllHMCSI Ha MHKpOCKOITII'l0CKOfi Monenn 

Hnpa, CKOHU0HTp!IpoBaTb BHHMaHHe Ha aHanHse rrapaMeTpoB, HrpaIOllllIX Ba)KHYIO 

ponb B KonneKTHBHb!X ¢eHOMeHonorH'!0CKHX MonenHX, ITonyqeHHaH rrpH 3TOM 

HH¢opMaUIIH oKasanacb 6b! O'l0Hb rrone3HOH rrpn BbIBone KonneKTHBHoro raMHnb

TOHHaHa H3 MHKpOCKOITII'l0CKOfi MonenH, 

Ms rrapaMeTpoB, BxonHlllHX B KOnneKTHBHYIO ¢eHOM0HonorH'l0CKYIO Monenb, 

MeHbllie Bcero H3B0CTHO O rrapaMeTpe MaCCb!, Pac'leT ero 38BHCHMOCTH UT 

ne¢opMaUHH Hnpa aHa'!HTenhHO 6onee cno)KeH, '!eM pacqeT rroTeHuHanbHofi 

3HeprHH, ITo3TOMY ITO'ITH BO Bcex rrpHnO)K0HHSIX KonneKTIIBHOfi MonenH rrpenrro

naraeTCH, 'ITO rrapaMeTp MaCCbl He 3aBHCHT OT ne¢opMaUHH, YTB0p;>KnaTb- )1(0 1 

'ITO STO nefiCTBHTenbHO TaK, ITOKa HeT oc;::HoBaHHH, B STOH CBH3H 6bmo 6b! 

rronesHO H3Bne'!b HH¢opMaUHIO O saBHCIIMOCTH rrapaMeTpa MaCCbl OT. ne¢opMa

UHH M3 3KcrrepHM0HTanhHblX naHHbIX, OTHOCHlllHXCH K KonneKTHBHb!M COCTOH

HHHM. 
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I 

3annrneM raMHnbTOHHaH $eaoMeaonornqecKofi KonneKTHBHofi Monenn gn

pa B cneny10meM BHne, orpaanqHB8HCb nHllib necKOnbKHMH nepBblMH qneHaM;H 

paanomeHHH napaMeTpa MaCCbI no cTeneHHM a
2

µ 

. F q2 
H __ l_(~ + F. ~[ l _1_~ +: .~ +: 

- ,,;,, TT TT + 2q,,;,, TT2TT2 2µU2µ+ - ,,;,, TT2µTT2µ ,,;,, a2V aw+ 
2B µ 2µ 2µ µ ,/5 µ V 

( 1) 

+ F3 q2 ! [ TT 2.TT 212µ [a2 a2 12µ + F4 q2; [TT2 TT2 l4µ[a 2 a2 l4µ )+V(a). 

B 8TOM Bb!pameHHH: a 
2 

µ, TT 2 µ. - onepaTOpbI KonneKTHBHOll KOOpllHH8Tbl H 

HMnynbca, COOTB8TCTBeaao; KBanpaTHbJe CK06KW 06oaaaqa10T B8KTOpHy!O CBH3b; 

V (a) - KonneKTHBHaH rroTeauuanbaag aaeprn.11; B, F
1 

, F2 , lj;.~- rrapaMeTpbI 

KOnneKTHBHOll KHHeTnqecKOM aaeprnn; Koa$$HUH8HT q BXOUHT B onpeneneane 

onepaTopa KBanpynonhaoro MoMeHTa . Q 2 µ = q a 2 µ • KoacpqmuneHTbI F 1 ,F2 ,F 3 ,F4 

xapaKTepH3YIOT 38BHCHMOCTb napaMeTpa MaCCbl OT ne$opMaunn. 

yqHTb!B8Tb Bb!ClliHe qneHbl pa3nOJK8HHH napaMeTpa MaCCbl. B psin no CTe

neHHM a 2µ. B HaCTOHlllee BpeMH ae HMeeT CMbICna, TaK KaK H3-38 6onblliHX 

8KCIIepHMeHTanbHbIX ornu6oK noKa MO:lKHO nenaTb nHllib oqeab rpy6ble BbIBOllbl 

O xapaKTepe 38BHCHMOCTH 9Toro rrapaMeTpa,OT ne~opMBUHH. 

BbI'IHCnHM llBOMHOll KOMMyTaTop [ [ H, Q2 µ.], Q2 µ. '] • Oa paBea: 

+ 2 2 , 
n q - oo oo + 2µ.+µ · 

[[H,Q2µ.LQ2µ.'.l=-~(y'5C2µ.2µ' + p I c2µ.2µ.' ; Q2VQ2V+ F2 c2µ2µ. '. Qzµ+.µ 4 
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Bssrn MaTpH'IHbie aneMeHTbl OT 8TOI'O Bbip8)K0HH.II Me)Kny paqnH'lHbIMH COCT0.11-

HH.IIMH 'leTHO-'leTHOI'O .11npa \ In M > ( I - MOMeHT, M - rrpoeKUH.11 MOM0HTa, 

n - HOMep OOCTO.IIHH.11 C naHHbIM MOM0HTOM) H BhinenHB rrpHBeneHHbJe MaT

pH'lHbJe aneMeHTbI rro TeopeMe• Bnraepa-3KKapTa, MbI rrony'IHM cneny10ume 

coo~HoIIIemrn: 

h2 2 -
x<l

1
,n

1 
I\ Q

2 
\I I',n'>~- _q_(l/58 ,+ F · B , nn · I 

I I n 1 

( 2) 

rne E(ln ) - aaeprHH COCTO.IIHHfi. 3To npaBHna cyMM nmt MaTpH'lHbIX ane

M8~TOB orrepaTopa KB.anpyrronhHOI'O MOM0HTa. Bnn COOTHOIII0HHit uenHKOM onpe

nem1eTC.II aaBilcHMOCTJ:i10 Koa<p<f>HuHeHTa··Macci>1 OT napaMeTpos. ne<f>opMauuit 

a 2 µ H He 38BHCHT · OT BH.Qa IIOT8HUH,anbHOit aaeprHH •. TioncTaBn.11.11 B ( 2) aaa-

i:ieHH.11 MaTpH'lHbIX 'aneMeHTOB orrepaTopa KBanpynonbHOI'O MOM8HTa H 8JI8prH:li, 

B3HTbie ua aKcnepHMeaTa1 MhI MO)KeM ,cnenaTb~t>npeneneHHhie aaK.rIIO'leHHst b 
• • • .• •• " .J ·- • • • •• - ,· • -· ·--·· -·-. ·- ,. ___ ·-··-·- ----

senH'lHHaX Koacj><fmuHeHTOB .F 1 , F2 , F 3 , F4 
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Ho npe}Kne acero paccMoTpHM cneny10urnit HHTepecHbiil: «l>aKT. EcnH non

cTaBHM B ( 2) 3HS'leHH.II npHBeneHHbIX MaTpH'IHbIX aneMeHTOB onepaTopa KBanpy

nonbHOrO MOMeHTa H 9HeprHil: ypoaueil: OCHOBHOi!: pOTSUHOHHOil: nonoCbl, xapaK

TepHble nmI aKCHanbHblX CHnbHOne«l>opMHpOBaHHbIX sinep 

h2 l(l+l) - --
0-«;\ 0 E(I,1 >= 

2
S ., <I,lllQ 2 l1I',1>;,.Qv'2I'+1 c1 ,

020 

TO Mbl nony'IHM ·COOTHOIIIeHHSI, CBSl3bIBSIOUIHe Koa4>4>HuHeHTbl B, Fl , F2 ,F ,F C , 3 4 

Q, s 
q2 - . 2 

-(y'S+Fl Q ) 
B 

6Q2 

v'TI 

2 'a 
~ .( F Q + F Q2 c2 o ) = 3,.Q C 2 o 

B 2 3 2020 s· 2020 

q2 2 
- F Q2 _ 4Q 

B 4 - - s 
3TH COOTHOIIIeHHSI roBOpSIT O TOM, 'ITO nnst nony'leHHSI B KonneKTHBHOi!: <peHoMeHo

norH'leCKOit MonenH onHcaHHSI aKCHanbHbIX CHnbHO)leqiopMHpOBBHHbIX sinep 

ne96XO)lHMO npennonO}KHTb aaBHCHMOCTb ( H npH 9TOM Bnonue onpeneneHHYIO) 

MaCCOBoro K09qJqJHUHeHTa OT napaMeTpOB neqiopMauHH. 

II 

Tenepb paccMOTpHM COOTHOIIBHHe ( 2) npH A = 0 H n = n , . • 11cnonb3YSI 

CBSI3b MaTpH'!HblX aneMeHTOB <I,n I IQ 111',n '.:>~ c npHaeneHHblMH aepostTHOCTSIMH 
2 

E2 -nepexonoa, MbI nony'IHM: 

5h2 2 - F 
[E(l,n)-E(I ,n )]B(E2;1n ➔ l 1 ,n 1)=--4:(1+-L I B(E2;I,n➔ I ,n) + 

I I - / I I 
1

1
,n

1 
2B y5 11,nt'l,n 

I 
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Fl 
+---- \<I,n\\Q 2 \11,n>\

2
). 

v'5(21+1) 
(3) 

OrpaHII'IIIMCSI paccM0TpeHneM ,rmyx cnyqaeB: 1) I= 0 ( 0CH0BH0e COCTOSIH!Ie), 
+ 2) I, n = 2,1 ( rrepBoe Bos6y)KJleHHOe 2 COCTOSIHIIe). CoxpaHSISI TOnbKO 6onb-

IIllle no Be/IH'IIIHe rrpnBe)leHHbie BepoSITH0CTII E 2 -rrepexonoB, IID/IY'IIIM cneny10-

mne ABa paBeHCTBa: 

[E(2,1)-f] B(E2; 0,1 ➔ 2,1) = 

[ E( 4,1 )-E(2, 1) - f] B ( E2; 2,1 ➔ 4,1 )+ [ E(2,2)-E(2,1 )- f] B(E2; 2,1 ➔ 2,2) + 

[ E(0,2 )-E(2,l)- £] B (E2; 2,1 ➔ 0,2)-[ E(2,1) + £] B (E2; 2,1 ➔ 0,1 )-

-0,2£\<2,1 \\ Q\12,1>\ 2 = 

f = y' 5 -ti2 q 2 Fl 
2B 

MCK/IIO'IaSI II3 HIIX rrapaMeTp 
Sii 2 q z 

2 B- II rrepexDJlSI K 6e"spa3MepHbIM Benn'IIIHBM 

( 
_ E(l,n) _ B(E2; I,n➔ 2,1 ) 

€ l,n)= --- , b (I, n) = ---- , rronyqnM: 
E(2,1) B(E2;2,l ➔ 0,1) 

'(4) 1,8 [d4,1 )-1 J b (4, 1 )+ [ ( (2,2 -1 ] b (2,2 )+ 0,2 [ d0,2 )-1 ] b (0,2 ) = 6 -

<2,l\\Q 2 \\2,1 >2 

. I I II I J • <2,1 Q 2 0,1> 
-f[4-l,8h(4,l )-h(2,2)-0,2h(0,2)- \ 
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Y<IeT ManbIX no BemI'IHHe IIpHBeneHHb!X BepoHTHOCTe:li, T8Kl!X KaK B(E2 ;2, 2➔ 0,1) 

lI T.n., M0I' Obi HeCK0nhK0 l!3MeHl!Tb rronyqeHHb!8 pe3ynhT8TbI, HO He Ka'leCT

BeHHb!M o6pa30M. OnHaKO B H8CT0H!Uee BpeMH 8KCIIepl!_MeHTan~H0:li l!HCpopMaUl!l! 

06 8Tl!X Benl!'ll!HaX HeuocTaT0'IH0 nnsi aHanl!3a l!X Bn:IIHHl!H Hli 11onyqeHHbie Bbl

rue C00TH0IIIeHl!Ho 

, TioncTaBnHH B ( 4) 8KCIIepl!MeHTanhHbie naHHble 0 B~p0HTH0CTHX E 2 -rrepe

xonoB l! 8Heprl!.IIX, Mb! CM0lKeM cnenaTb orrpeneneHHbie, Bb!B0llbl 0 Benl!'ll!He 

112 2 F , 
K08~~1!Ul!eHTa 9 ] • T.e. 0 38Bl!Cl!M0CTI! MaCC0B0I'0 K08$$Hul!eHTa 0~ 

B 
neqiopMauuu. I1HTepecHo, 'l'l'u 11µ11 rroncTaH0BKe B ( 4) 3Ha<IeHu:li b(I, n), f (l,h) 11 

<2,1 II Q2 II 2,1 > . 

11 
. 11· -, xapaKTepHbIX nm1 aKCl!anbHbIX Cl!nhHOne¢opMl!pOBaHHbIX sinep, 

<2,1 .. 91- .. 0,1 > -
neBaH 'laCTb 8T0I'0 C00TH0IIIeHl!H 0KalKeTCH paBH0:li 6, a BbipaJKeHl!e B CK06Kax 

crrpaBa OT 3HaKa paBeHCTBa o6paTl!TCH B Hynh. OTc10na cnenyeT, 'ITO ~3 6nu-

30CTI! 3Ha'leHl!H neBo:li '18CTI! C00TH0IIIeHl!H (4) K 6 B Cl!nhHone¢opMlipOB8HHhlX 

Hnpax ewe Henh3H nenaTh BhlBona o paBeHCTBe F\ Hyn10. 

B Ta6nuue 1 IIpl!B~neHbl B3HTbie l!3 8KCIIepuMeHTa1 2/ 3Ha'leHl!SI neBo:li: 

'18CTI! C00TH0ll!eHl!H ( 4). 113 TaonHUbl Bl!nHo, 'ITO 8T8 Benl!'II!Ha Cl!nhH0 OTKno

' HHeTCH oT 6 B l!30Torrax Ru , 6nuaKa K 6 B l!30Torrax Pd , Cd 11 

B Cl!nhHbne¢opMl!pOB8HHb!X Hnpax, I! BHC?Bh Cl!nhH0 0TKno1rneTCH OT 3H8'1eHl!SI 

6 B rrepexonHo:li 06nacT11 ( l!30T0IIbI Os II Pt ) • TaK KaK B 106 Ru 8Hep

rusi rrepB0I'0 2+ C0CT0HHl!H ~IIy'CKaeTCSI 0'leHb Hl!3K0, a B(E2; 2,1 ➔ 0,1 ) paBHa 

(330+40)/3/ onHo'laCTl!'IHbIM enl!Hl!U8M, TO 8T0 sinpo yJKe HlIKaK Henb3SI 0THec

TI! K c$ep11qecK11M:. ITo-Bl!lll!MOMY, 11 rrpuBeneHHhre B Ta6nuue 1 l!30T0IIbI Ru 

cnenyeT cquTaTh nepexonHhIMI! HnpaMu. TaKl!M o6pa3oM, B rrepexonHhIX sin-

pax Ko8¢¢11u11eHT F1 0Tnl!'leH OT Hynsi, 11, cnenoBaTenbH0, MaCCOBbI:li K08$-

¢11u11eHT 38Bl!Cl!T OT ne¢opMau1111. 

Xorn B ne¢opMupoBaHHbIX sinpax' Benu'll!Ha [l,8[€(4,1)-l]b(4,l)+[E(2,2)-1] x 

xb(2,2}+0,2[d0,2)-l]b(0,2) l I! 6nl!3Ka K 6; HO, K8K 0TMe'lanocb BbIIIIe, 8T0 ewe irn 

03H8'18eT, 'ITO K08$~lIUl!eHT F 1 nomKeH 0b!Tb paBeH Hyn10, II0CK0nhKY M0lKf!'I' 

- . . ' <2,1\IQ.2lli,l>2 
o6pliW8TbCSI B Hynb Benl!'ll!Hal4-1,8b(4,1)-b(2,2)-0,2b(0,2)-\ . \ l. 

<2,1 !IQ 2110,21 > 
Bb!'ll!Cnl!Tb 8TY Benl!'ll!Hy, l!CII0nh3YSI 8KCIIepHMeHTanbHbie naHHbre, B HaCT0SIWee 

BpeMH HeB03M0lKH0 113-3a Toro, 'ITO Hel!3BeCTHbI 3Ha<IeHl!H <2,1\ IQ 2 \ \2, 1> B ne-

¢opMupoBaHHbIX Hnpax. 
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B ll'.30TOI18X Pd II Cd 3Hf\',eHIIH cyMMhI ll,8[f(4,1)-1 ]b(4,l}t[f(2,2)-l]b(2,2}t 

+0,2[f(0,2)- l]b(O, 2)] 6111IaKII K 6. TT0-B1In1IM0My, B sTll'.x Hnpax KoscpcjmuIIeHT. F 1 

Man. Ho II3-38 6onbllilIX 8KCI1ep1IMeHT8llbHblX HeTO'IHOCTeu TaKOH BbIBOn cne

nyeT C'lll'.T8Tb rrpenBapll'.TenbHb!M, 

B Ta6nIIue 2 rrpIIBeneHbI aHa'leHll'.H cyMMhr! 4-l,8b(4, 1 )- b(2,2 )-0,2 b{0,2 )

<2, ll IQ 112,1:;: -I - 2 -i 21nnH HeKoTopbIX na rrepeqncneHHbIX B Ta6nnue 1 naoTorroB.- BIIn
<2,ll IQ 21 IO,l> 

HO, 'ITO OlIJH6KII B orrpeneneHHII STOTT cyMMbl oqeub BelIHKH, BcnencTBIIe 9TO-

ro orrpenenIITb 6onee TO'IHO BenII'IIIHy F1 na*e B Tex cny'laHx, Karna oaa 

3aBeJlOMO OTJ1ll'IH8 OT. HYJUl 1 HeB03MO)K!l0, 

III . 
PaccMOTplIM COOTHOllleHIIe ( 2) rrpII ,\ = 2 • Mb! nony"IIIM: 

I 2 I' 

2
1 I 

2 
I (E( l,n)+E(l',n1-2E(I 1 ,n 1))<1,nll Q2 II 11,n? < I 

1
,n

1 
IIQ )II',n '> = 

h2 q 2 ( -t,, I 2 I' 
=---(F ---

1
--<I,nllQ 21\I',n'>+F

3 
:£ I 1

1 
l<I,nllQ 2III

1
,n > x 

B 2 _1-5 2 2 .I 
V 11 'nl 

( 5) 

TTpII I',n'=O,l (5) rrepeuneT B 

~
1 

(E(2,n)-2E(2,n 1))<2,nllQ 2l\2,n1 ><2,n 1 ll Q)IO, l>= ( 6) 

h2q2 _ _ 
=-,-

8
-(,JS F

2 
<2,n IIQ 2110,1 >+ F

3 
<2,nllQ 2ll2,n

1 
>x 

X <2 'n I 11 9 2 Ir 0,1 >). 

TTono*IIM F 2 = F3 = 0 II npoBepIIM - He 6yneT nII sTo npoTIIBope'IIITb 

9KCnepIIMeHT8llbHbIM Jl8HHbIMo IlpII F 2 = F 3 = 0 ( 6) nepexOJllIT B 
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I (E(2,n )-~E(2,n
1
))<2,n IIQ 2 ll2,n 1> <2,n 1 IIQ 2 II0,1 > = 0 • 

nl . 
(7) 

KaK H BbIIIIe, coxpaHHM .lIHIIIb C8Mbie B8)KHbie MaTpH'IHbie aneMeHTbI. Tor}:la 

(7) aaIIHIIIeTCSI TaK: 

[ E(2,1 >-2E(2,2 > l <2,111 Q 2 112,2>< 2,2 I IQ 2 1 ro, 1>-E(2, 1 )<2, 1JJQ2 I l2, 1> <2, 11 IQ2 I 10,1>,,,o. 

Ha 9T0I'0 noc.ne}:lHero paBeHCTBa M0)KH0 nony'IHTb c.ne}:lyromee C00TH0IIIeHn:e: 

B( E2; 2,2 ➔ 0,1) 
, 

B(E2; 2,1 ➔ 0,1) 

<2,1l!Q 2!!2,1> 

<2,1 IIQ2II0,l> 

[2€ (2,2)-1 J2 B(E2;2,2 ➔ 2,l) 

B(E2; 2,1 ➔ 0,1) 

(8) 

TioJ:lCT8BHM B ( 8) 9KCII9pHM9HT8.1IbHb!9 3H8'I9Hlrn B9pOS!THOCT9H E2 -nepeX0J:lOB, 

KB8llPYIIOnbHOI'O MOM9HTa nepBOI'O 2+_ COCTOSIHHSI H 9HeprHH BToporo 2+-coc

TOS!HHSI, PeaynbT8Tbl IIOJ:lCT8HOBKH IIpHB9J:l9Hbl B Taonnue 3. Ha TaonHUbl 3 BHn

H0, 'ITO COOTHOIIIeHHe ( 8) He BblIIO.lIHS!eTcSI Ha 9KCII9pHMeHT9, C.ne}:loBaTe.nbHO, 

01un:oo'IHO rrpenrro.no)KeHn:e p paBeHCTBe Hynro Koacpqmun:eHTOB F 2 , F 3 ; A 

Ha-aa HepaBeHCTBa Hynro nroooro H3 9THX KoacpcpnuHeHTOB M8CCOBbIH rrapaMeTp 

OK83b!B89TCSI 38BHCS!IIIHM OT }:lecpopMaUHH. 

f1pH ,\"' 4 COOTH0III9HH9 ( 2) 38IIHCb!B89TCSI TaK: 

I 
I ,n 

l 

I 21' h 2 2 
F 

I 1 l(E(l,n)+E(l';n')-2E(ll'n1 )+ q 4 )x 
4 12 B 

x < I, n I I Q Ill I , n > < II , n 11 Q l II', n '> "' 0 • 
. 2 11.11 2 

TipH l';n'=0,1 H l,n=4,1 (9) rrepefiJ:leT B: . 

( 9) 

h2 q2 F 
l·(E(4,1)-2E(2,n)+ 

4 
)<4,llJQ

2
ll2,n>"<2,nllQ

2
II0,l>=0, (IO) 

n B 
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. . 

TaK KaK npolI3BeneHHe MaTpHttHhIX aneMeHTOB <4,1 \IQ 2 \l2,2><2,2I IQ 21 I0,1> SHa-

ttlITenhHO M9Hhll!e npoHaBe.oeH1Is:i<4,l llQ2 112,1 > <2,1 \ IQ 
2 

\ I 0,1>, TO BMecTo ( 10) MO)K

Ho H8IlHC8Tb: 

( 11) 

IInH 

2-€(4,1). 

BenlittHHa f (4,1 ) paBHa 2,31-2,5 B H30Tonax Ru , Pd Cd '5nH3Ka K 

3,3 B .oecpopMHpoBaHHbIX s:i.opax H K 3,0 B H30TOnax Os ' paBHa 2,5 B H30-

Tonax Pt • noaToMy KOacpcpmrneHT F 
4 

OK83b!B89TCSI OTnHttHbIM OT Hyns:i 

B 5onhll!OM 'lHCne s:i,oep. 

TaKHM o5paaoM, H3 npoBe.oeHHoro BhrIIJe aHanHsa cne)lyeT, 'ITO Jlml 

o5~SICH9HIISI B paMKaX cpeHOMeaonorHtteCKOH KOnneKTIIBHOH MO,oenlI aKcneplIMeH

TanbHbIX ,oaHHbIX, OTHOCSill!HXCSI K KonneKTIIBHbIM KBa.opynonbHbIM Boa5y)K.09HIISIM, 

neo5xo,oIIMO yttHTbIB8Tb 38BHCIIMOCTb MaccoBoro napa_MeTpa OT )lecpopMaUHII. 

Ilns:i onpeneneHIISI IWTanbHOro BII.Qa aTOH 38BIICIIMOCTII Hy)KHbl .oaHHbl8 0 BepoSIT

HOCTSIX E2 -rrepeXO,OOB II KBa,opyrronbHb!X MOM8HT8X co 3H8'11ITenbHO M9Hbll!HMII 

aKcnepHM8JITanbHblMII Oll!II5KaMII, tteM B HaCTOSill!e'e Bp8MSI, Ho KpoMe YTO'IH8HIISI 

CTapbIX' naHHblX aeo5xo,olIMbl II HOBbre H3MepeHIISI, 

1, Ilns:i Toro, 

cne,oyeT H3MepHTh 

B035y)K.Q8HHblX 0+ 

'1T05b! npoB8Jl8HHblll Bb!11!9 aHanII3 c,oenaTb 6onee rronHbIM, 

2+ u 

KBa)lpyrronbHbie MOM8HTbl nepBbIX COCTOSIHIIII, aHeprIIII 

COCTOSIHHH ( E( 0,2) ) II Be poSITHOCTH B (E 2; o+, 2➔2+, 1 ) B 

TCX s:i.opax, B KOTOpb!X y)Ke IIM88TCSI MHOI'O naHHbIX O KonneKT?BHblX KBa.opyrronb

HbIX soa5y)KJleHmi:x. HarrpIIMep, B 100,1o~u ,110,112Cd ,1s5,1sa,190,1920s • 

2, Ott8Hb rrone3HbIMII OKasanlICb 5b! ,08HHbl8 0 KBa.oer.rronbHbIX MOM8HT8X_ 

nepBbIX 2+ -cocT;SIHHH • II BepoSITH0CTSIX E2 -nepexonoB M8)K.QY poTaU~OHHbIMH 

rronocaMH B necpopMHposaHHhIX s:inpax penKo-:3eMenbHofi o5nacTH. 

3. EcnH 5hr ynanocb H3M8pIITb KBanpyrronhHbie M0M8HTbl y BT0pblX 2+ 

COCT0SIHHfi, TO II3 aKcneplIMeHTanbHb!X Jl8HHblX M0)KH0 5hmO 5hr II3Bn8'lb IIH-

cpopM8UH!O O K8)K)l0M H3 KoacpcpIIUII8HTOB F 
2 

II. F 
3 
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4. llmI ITpOB8pKII TO'IHOCTII ITpII6nmK8HHbIX COOTHOUJ8HIIU ( 4) 1 ( 8) 1 ( 11) 

Hy)KHa IIHqiopM8.UlHI O cnenyIDlUIIX B8pO51THOCT51X rrepexonoB: 

B(E2;3+,1 ➔ 2+,1),B(E2;2+,3 ➔ 2+,1), B(E2;4+,1 ➔ 2+,2). 

5. llmr Toro 'IT06b1 ~MeTh 6onee rronHyID IIHqiopMaumo o cqiepII'IecKux 

.smpax, KpaiiHe MenaTenhHO BbIITOnHIITb 9KCITepmi,18HTbl no KynoHOBCKOMY BO3-

6yMneHIIID usoTorroB Te, Xe II Ba 

IV 

PaccMoTpIIM eme paa cooTHOUJeHIIe ( 6), HO yMe He 6yneM rrpenrronaraTb, 

'ITO F2 = F
3 

= O. ITonara.lI B ( 6) rroo'!epenHo n = 1, 2 II coxpaH.II.II HaII6onee 

B8;>KHbie M8TpII'IHbie _9neMeHTbI, Mb! rrony'IHM nBa paBeHCTBa: 

h2q2F 
[E(2,2)-2E(2,.1)+ 

3 
]<2,2JIQ ll2,1><2,111Q2II0,l>-[E(2,2)-

B 2 

h2q 2F y'Sh2q 2F 
-------'-

3 1<2,2 II Q II 2,2><2,2\J Q 110,1>=-
2 

<2, 211 Q 11 0,1 > 
B 2 2 B 2 

h2q2F 
[E(2,l)-2E(2,2)+ 3 ]<2,2l\Q2 ll2,1><2,211O2 ll0,l>-[E(2,l)-'-

B 

h2q2F3 . VS h2q2F 
B ]<2,lllQ2ll2,1><2,lllQ2ll0,l>= - B 

2 
<2,lllQ2ll0,l>. 

B3.IIB OTHOUJ8HH8 9TIIX nBYX paB8HCTB II rrepeiin.lI K 6eapaaMepHhlM BenU'IUHaM, 

rrony'IHM: 
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h2q 2F3 <2,2IIQ2112,2><2,2IIQ2II0,l> h2q2F3 <2,21102112,1> 
[c(2,2)---]---------[,(2,2)-2+--]-----

.. BE(2,1)<2,IIIQ2IIO,l> <2,lll~II0,1> BE(2,1) <2,1IID2IIO,l> 

h2q2f.3 <2,2IIQ)l2,1><2,2IIQ2II0,l> - h2q2F3 <2,lllQ2112.I> 
[2,(22)-1-----l . +(1----D-~-~-

, B(E(2,1) <2,lllQ2 IIOJ> <2,1IIQ2II0,l> BE(2, 1) <2,l[IQ2 II0,l > ( 12) 

<2,2IIQ2 II0,l> 

<2,1 IIQ2 II0,1> 

Ha ypaBHeHMR (12), paapelliMB ero OTHOCMTenbH~ 
<2,211 Q2 I 10.1> 

- 1 MOlKHO Bbl-
<2,1 [ ! Q 2 I I 0,l > 

B0CTM npyroe COOTHOlli0HMe: 

- h2q2F <2,2IIQ,!l2,2> h2q2F3 

<2,211~112,1> <2,2l!Q2 II 0,1> 

<2,1IIQ2 II0,1> <2,1 ltQ
2 

II 0,1> 

1-~ - _ - . [,(2,2)---- l 
<2,1IIQ2 112,1 > BE(2,l) <2,1IIQ2112,1> BE(2,l) 
----- ------=--------- X 

<2,1 IIQ2 II0,1 > 112 q2 F 
2[ 2d2, 2 )- 1 - 3

• J 
BE(2,l) 

. - 112 q 2 F3 112 q2 F3 
4<2,211 Q II0,1>2 [2d2,2)-1- --Hd2,2 )+ -- - 2 I 2 BE(2,1) BE( 2,1) 

x[l l. 
"-ti2q2F 

·2,lllQ 2112,1>' [1- _
3 

BE(2,1) 

<2,2IIQ 112,2> ft2q2 F 
___ 2 __ (d2,2)- 3 )]2 

<2,1 II Q2 ll2,l> BE(2, 1) 

l1s 9TOI'O COOTHOlll9HliSI BbJTeKaeT cne.ny10mee rrpaBn:no 3H8KOB: 
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Sign<< 2,211 Q 2112,1 >< 2,2 II Q2 I I 0,1 ><2,1 II Q2 I IV>< 2,1 11 Q2 I I 0,1 >) = 

( 13), 

hz z F q 3 

= - Sign [(l - BE(2,l) 
<2,2IIQ2111,2> h 2

q
2

F3 h2 q 2 F3 
__ .::__._--,,-_ (f(2,2 )- --- ) )(€(2,2) + --- - 2)]. 
<2,lllQ2ll2,l> BE(2,1) BE(2,1) 

- /4/ . 
B Moaemr aKCIIanhHb!X aecpopMnpoBaHHb!X smep II rrpn paC'leTax CBOHCTB 

ccpepnqecKIIX Haep c y'leTOM aHrapMOHH'leCKHX acpcpeKTOB/ 5/ rronyqaeTCH, 'ITO 

<2,21102111,2> 
------<e,• 1. Ecnn BOCIIOnh30B8TbCH 8TIIM COOTHOllieHneM, TO rrpaBnno 

<2,1 IIQ2 ll2,l> 
3H8KOB (13) rreperrnmeTCH TaK: 

Sign(<2,2IIQ ll2,1><2,2IIQ 110,1><2,lllO !\12,1><2,lllQ II0,1>)= 
2 2 "2 2 

, h2 q2 F3 <2,2 I I{\ I 12,2> h2 q2 s h
2 

q
2 

F3 
=-Sign[(l- -+I - l(d2,2)- - ))(f(2,2)+---2)]. 

BE(2,1) <2,lllQ2 ll2,I> BE(2,1) BE(2,1) 

Tipn ( € {2,2 )-2 )> 0' If ManbIX 3Ha'leHIIHX 
h2 q2 F3 

Mb! H8XOllHM, 'ITO 
BE(2,l) 

Sign (<2,2 II Q 112,1 ><2,211 Q 110,1><2,111 Q 112,1><2,111 Q 1\0,1>)=-1. 
2 2 2 2 

I /6/ 
3To rrpaBHno aHaKoB 6hlno rronyqeHo paHee B pa6oTe B paMKax MoaenH 

A.C. llaBbI/:lOBa, Ho B Heii rrpn5nn:lKeHHo TpaKTyIOTCH lcaK KHHeTH'lecKaH TaK 

n rroTeHunanhHaH sHeprnH. 3aecb )Ke sToT peaynhTaT rronyqaeTCH rrpn orrpe

aeneHHbIX rrpearronO:lKeHHHX nHllib O CTpyKType KHHeTH'leCKOH 8Heprnn. IToTeH

UHanbHaH 8Hepr1rn MO:lKeT 5b!Tb IIpOlI3BOnhHOii. TeM caMb!M rrpaBHno 3HaKOB 

ycTaHaBnHBaeTCH 5onee Ha):le:lKHO. 3HaHne ero B8:lKHO rrpn H3BneqeHHH H3 8KC

rrepHMeHTOB IIO H3MepeHHIO acpcpeKTa peopneHTaUHH HHcpopMaunn O KBaapyrronb

Hb!X MOMeHTaX rrepBb!X 2+ -COCTOHHHii. OHO naeT B03M0)1(HOCTb ycTpaHHTb He

OJ:lH03H8'1HOCTb B 8KCrrepuMeHTanhHb!X pesynhTaTax. 
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KpoMe Toro, BCTpetJalOTCll llitpa, y KOTOpblX c(2, 2 )-2 < 0 • HarrpIIMep, 

116 Sn( c(2, 2 )-2=-0,36), 192 Pt(d2, 2 )-2=-0,06 ),1 94 Pt (d2,2 )-2=--0, iz)1,96 Pt(f(2,2)-2=-0,08). 

B 9TlIX cnytJaSIX, Hs-sa Toro, 'ITO pa3HOCTb €(2,2)-2 . 
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Ta6m1ua 1 

3Ha'lemie Benl!'il!HhI S=l,8[ ,(4,1 )-1] b(4,l )+ [,(2,2)-1] h(2,2)+ 0,2 [,(0,2)-1] h(0,2) 

=••··---
Hnpo 

====-= == =• == ---
l00Ru * 
102 :,c

Ru 

104 
Ru 

106 
Pd 

108 
Pd 

110 
Pd 

110· * 
Cd 

II2 * Cd 
II4 

Cd 

II6 
Cd 

154 ... ,,, 
Sm 

156 .,,.,, 
Gd 

I60 ** 
. Dy-

l 
I 

I 
it 

------ ···---=-=---=•--=•=-1•················ 
S I Hnpo I S 

•=•=-··-·---·····-1 ·••= ==-1-==••··········""' 
1162 ,,,., I + 4,2 :t 0,4 1 Dy- 5,9 - 0,4 

4,I :t O,9 

4,4 :t 0,1 

5,2 :!: o,6 

{
7,I ! I,I 
5,6 - o,a 

+ 5,a - o,a 
+ 5,0 - O,!:I 

+ 5,9 - o,a 

5,8 :t 0,9 

5,2 ! O,9 

+ 5,7 - I,4 

5,6 :!: I,6 

+ 5,7 - o,a 

168 Er_..,_. 
I 

ISO Hf >/<-t: I 
I 184 W H I 
f 186 W ... I I 186 Os* I 
1188 Os I 
II 190 Os* . I I 192 Os* I 
I 192 ** I' 

I 
Pt 

. 194 Pt* I 
I 

196 Pt I 
I I I , 
I _J 

B ST0M smpe HeT lWHHblX o (0,2 ➔ 2;l)E2-nepexone • 

+ 6,l - O,J 

j6,0 :!: 0,7 
l5,4 :t I, I 

+ 5,9 - 0,5 

5,I :!: 0,4 

6,4 :!: 2,5 

6,u :!: 0,7 

+ 5,0 - 0,9 

+ 4,4 - o,6 

1,2:!: o,J 
4,J; o,J 

{ 
+ 

. 2,9 - o,6 

J,9 :!: 0,0 

. .•. 
'* i B ST0M SI)'.lpe HeT J:18HHblX 0 (0,2 ➔ 2,1), (2,2 ➔ 2,1) E2 -n'epexonax. 
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3Ha'leHHe BenH'IHHbI 

Ta6nHua 2 · 
<2,IIIQ 112,l> 

(4-l,8h(4, 1)-b(2,2)-0,2h(0,2)- I 2 . 12) 
<2,I IIQ2 II0,1 

•' ----,--------------------

' 

·gl1. ti O -, <2, 111 Gli.ll 2, I>,~' 
1-1,10 -,,1)-ol212)-o,2.,d~2) - <2,_.,1~ 1qf> . ____ j_ ____ . _____ .,. ____________ _ 

I04 
Ru 

I06 
Pd 

I 

I 
I 
I 

IIO Pd I 
I 
I II4 Cd 

+ O,) - I,O 

+ - o,6 - o,a 
+ - I,7 - I,J 

- I,8 :!: I,J 

I-X6 Cd I + 

___ _J _______ ~~-~ I,I ______ , __ 
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3uaqeHHR OTHOWeHHH 

Ta6nnua 3 

<2,111 Q 2 \\ 2,1> 2 
I · . I 

<2,1 11 C:2 110,1 ~ 

[2€(2,2)-1]2 
B(E2; 2,2 ➔ 2,1) 

B(E2;2,1 ➔ 0,1) 

B(E2;2,2 ➔ 0,1) 

B(E2; 2,1 ... 0,1) 

·:--r,~~w-i--~::.,; 
[2Et22,-1r, ,ate2;2,2--,2,o I !3(E2j2,t...,,qf) 

------~- f}(E2/2,f--,q-f.L_ 1 __ _ 

104 I r Ru I 0,090 :!: o,064 

I06 Pd 

110 Pd 

114 Cd 

116 ,Cd 

190 ~ 
Os 

194 
Pt 

196 
Pt 

+· 
0,074 - 0,040 

+ 0,155 - 0,095 

+ 0,105 - 0,067 

+ 0,211 - o,II4 
j0,019 ! 0,014 
1o,OJ8 - 0,027 

+ 0,12 - 0,09 

+ 0,07 - 0,04 

I 
I 
I 
I 
I 
I 
I 

+ 0,025 - 0,004 

+ 0,014 - 0,002 

+ o, 015 - o, 005 

{
0,10 ! o,oJ 
0,01 - 0,02 

+ 0,004 - 0,002 
. 

0,001 

--- ---------------------
• B STOM sinpe HMeeTCSI naa paannqHbIX Ha6opa SKcnepnMeHTanbHblX naHHbIX • 
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