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Peaxxurn c ,llelrpouauH,of -qacr11uau11 11 rruiteJIWH 110Hau11 

orKpliJIH HOBHI aran B ll3Yll8Hl!H CBOHCTB BpamareJibHWC cocroa

HHR a,llep npH 60JiblDHX aHeprHffX B036y:r,v;eHHff H BHCOKHX 3Haqe

HHffX yrJIOBOro MOMeHra. B 3KCnepHMeHraJibHWC paoorax/I/ Ha6JID

,ll8Hli BpantareJ!bHHe IlOJIOCH ,llO 3Hall8Hl!R yrJIOBOro J,lOMeHra I~ 20 

B qerHo-qerHwc a,llpax HI~ 45/2 ~ 49/2 B HellerHwc ff,llpax. Ycne

XH 3KCnepm&eHraJibHOro H3Yll8HHff ff,l!Op H yBeJIHQ8HH8 KOJIH!lecrBa 

3KcnepHM8HTaJibHOR l!H~OpMa!UlH CTHMYJIHpOBaJIH reoperHll8CKH8 

HCCJie,llOBaHHff no H3Yll8HHD CBORcrB ".IlJillHHWC" BpamareJibHHX 

nonoc B ,lle~opUHpOBaHHwc a,llpax. 

Hactoamaa ,llHCceprauHa nocBameua HayqeHHD cBoRcrB Bpa

marenbHWC COCTOffHHR B H8Q8THWC ,ll8~0pllHpOBaHHLlX iupax. Ha

KOilJI8HHe 60JibWOrO KOJIHQ8CTBa 3KCnepHM8HTaJibHLlX ,llaHHHX ,l!Jlff 

K8Jt,JtOR HCCJIO,llyeuoa BpamateJibHOR IlOJIOCH npHBO,llHT K H806XO,llH

MOCTH KOMIIJI8KCHOro reoperHQ8CKOro OilHCaHHff poraUHOHHWC no

noc, r.e. K He06XO,llHMOCTH nocrpoeHHH reoperHll8CKOR MO,ll8JIH, 

B KOropoa Ha e,llHHOR OCHOBe paccuatpHBaJIHCL 6H Bee CBOACTBa 

BpantaT8JILHHX COCTOffHHB. HMeHHO raxaa 3~aqa H pewaerca B 

,llHCCepraUHH. B paMKax H8~Ha0aTHQ8CKOA BpamareJihHOA MO,lleJIH 

paccwatpHBaDTCff CJI8,llYDWH8 xapaKrepHCTHKH poraUHOHHWC nonoc: 

3HepreTHQ8CKHe cneKTpli, BepOHTHOCTM MI H E2-nepexO,llOB BHYT

PH IlOJIOC, uarHHTHlie ,llHilOJILH!,18 11 cneKTpOCKOilHQ8CKH8 KB~py

nOJibHHe MOM8HTH, BepOHTHOCTH El·H E2-nepeXO,llOB uex.ny Bpama

T8JlbHHMH IlOJIDCIUIJlo 
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JlHccepranHs cocroHr H3 qerYpex r1aB H 3rutJIDqeaHa. 

-IlepBas r11aBa HOCHT 0030pHYR xapaxrep. B aeR H311araerca· 

COBp8M8HH08 COCTOrutHe reopHH Bpa1J1aT8JlbHoro ,ItBHlt8HHR ·B aroM

HYX ll,ltpax. IlepeqHCJl8HY OCHOBHYe ,PeHOM8HOJIOrHqecxxe, llOJIYlfflK

pocxonHqecxHe H MHKpocxonHqecxHe MO,It8JIH reoperHqecxoro onH

CaHHR Bpa1J18HHH H OOCy:K,llaDtCa HX OCHOBHYe ,ItOCTOHHCtBa, H8-

,ItOC~atKH H OOJlaCTH npHM8H8HHa. 

Bo BtopoR r11aBe ,Pop)(j'J1Hpyerc~ Hea,JJ;HaOarHqecxaa Bpama

re110Haa MO,It8Jlb, npHM8HHDD1aaca ,ItJIR OllHCaHHa_poranHOHHWC cnex

tpOB B HeqeTHYX ,1te,PopwpoBaHHYX ll,ltpax. 

B nepBOM naparp~e 3TOR r11aBH ,ItaHO OllHCaHHe H8a,JJ;Ha0a-
/24. . 

THqecxoR 110,1te11H - I, KOTOpaa u11aeTca oooomeHH8M 110,1te11H 
/5/ .. 

Eopa-MOTT8JlbCOHa Ha c11yqaR CHJILHOro B3aJWO,IteRCTBHH RopHOJIH-. .. 
ca, KOr,Ita H8a,IJ;HaclatHqecxHe alJ>ipeKTH MO:KHO yqecn TOJlbKO ny

reM npaMOR ).{HaroHaJIH3a!UIH 3TOro _1rnaHM0,1t8RCTBHH~ JlpyrHMH 

c110Brurn, Jl,ll;pO pacc11atpHBaerca xax cocTORIJlte H3 qeTao-qeruoro 

OCTOBa, xapa.KTepH3YDIJl8rOCSI KOJIJ18KTHBH!ilm napai,:etpaMH 

;/, j/, £?1H H3 O,llHOR HJU! H8CKOJlbKHX BHemHIDC tfaCTHn, ~OTOpHe 

B3aHUO,It8RCTBYDT C OCTOBOM nocpe,llCTBOM CHJI ROpHOJIHCa. BeJIH

'llHHY aHepreTnqecxoR 1J18JIH ~ 1 KOTOpasi B MO,It8JIH HCll0Jlb3yerca 

KaJC napaMeTp, MOXHO OTH8CTH K napaMeTpai,: OllHCHBaDlllHX cneKTp 

B030Y%,lt8HHR BH8DIHHX HYKJIOHOB, llOCKOJlbKY OT B8JIHqHHH .tl B 

nepByD oqepe,Itb CHJlbHO 3aBHCHT llJIOTHOCTb KBa3HqacTHqHwc 

B030Y%,Ii8HHR. HCXO,ItSI H3 3THX npe,1tno11ozeHHR,raMHJbTOHHaH 

38,IJ;aqH pa30HBaDT ua ,llBe qacTH: oneparop KHHerHqecxoR 
~ 

3HeprHH Bp~eHHH h-t, KOtOpYR HMeer TOT ze B}J,I{, qro H B 

MO,ll8JIH Eopa-Morxe111,coaa,H ~IUlHJl:&TOHHaH Jti:ntt, , 0IlHCWl8.Ill!lHR 

BHyTpeHHee .itBHxeane Hyx11oaoB. 
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H ::= T:ot .f 1liniz . (I) 

BOJIHOBYD qiyaxnHD Bp~aTeJlbHOro COCTOHHlrn co CllHHOM 1 n 

npoexnHeR f1 Ha JlaOoparopHyD OCb Z Hl!lYT B cxeue llpOMe:a:y

roqHOR CBH311 

/IM>::= 'f;.C~/Iffl{JJ> 
Kj' 

(2) 

r+e+K -
/IMl(J> "'ti 2I-t 1 J[JJI· rfi/(l'J .f (-f}, »fl( ¢/(/1 }, (J) 

f• ff-2 /JI)( 't' .r J 

r),{e </>.rp - coOcTBeHHHe ,PyHKIUIH rauHJlbtOHHaHa /e,n(t 

Je,l}MP f(p ;;.: C Kp ,;p X'f'. ( 4) 

CoocrBeHHHe ,PyHKIU!H (xo3,P,PHnHeHTY pas11ozeuHa c{p) n coo

CTBeHHYe 3Hatf8HHH raWlJl:&TOHHaHa H i,:oryr OYTb HaR,Iteuu'nyreM 

npauoR ,ItHaroHaJIH38.IU!H llOCJ8,llHero B npOCTpaHCTBe COCTOHHHR 

(2). Ilo11yqaeu aaeprerHqecKHR cneKTp: 

G (I).,,, 'Z (cfrJz E;rp t- 1/23 i (I) 
l(_f 

(5) 

z 2 2 I+l/2 
ga)-=-I(Tl1J-{;,(Cq) I< +ff), (I+thJ aU), (G) 

r.ite a.(I) - oooomeHHYR napruteTp pa3na3unaHHa. 

Jl11a pem8¥HS1·3~aqH Ha C00CTB8llHYe ,PyHKnHH H C00CTB8HHHe 

3Haqem1a no11Horo raJAHJlbTOmmaa aeooxo.itHMO cuaqa11a onpe,1te-- ~ - ' -

JIHT:& cnexrp BHyrpeHHHX B030j'X,It8HHR H BOJHOBY8 ,PyHKIU!H <l.r.P, 0 

Bayrpeauee ).{BHlteHHe, xoropoe paccuaTpHnaerca B pawtax 

conpeMeHHYX llOJIYl(HKpOCKOllH'll8CKHX UO,It8JleA,Hrpaer CYJll8CT-

5 



B8HHYD ponL B H88.J{Ha0aTHQecxoM OOHCaHHH Bpa~eBHS,oHO H3nOX8HO 

BO BTOpOM naparpa~e BTOpOI rnaBH. B xaqecTBe cpe)J;Hero nona 

HcnonL3yeTca noTeHlU{an Crutcoua-By.1J;ca, napaMeTpH xoToporo 

BHOHpanTca H3 OOHCaHHH CBOICTB HH3KOneXlllltHX COCTOSHHI B 

.1J;e~opMHpoBaHHWC ~pax/71. 0.ll;HHM H3 rnaBHWC BOnpocoB onxca

HHa BHyTp8HHero .ll;BHX8HHS SBnaeTca BHOOp OCTaTOQHWC B3aJ!l)(0-

.1!;8ICTBHI. Ey.1!;8M paccMaTpHBaTL 3TOT BOnpoc C TOQXH 3p8HHS 

BnHSHHR T8X MH HBWC B3aHM0.1!;8RCTBHI (ocTaTOQHHX) Ha pesynL

TaTH yqeTa B3aHM0.1!;8ICTBH8 KopHonxca, XOTOpHe 3aBHCRT Xait 

OT nnOTHOC?H H XBaHTOBHX xapaxTepHCTHX HH3XOn8XlllltilX BHyTpeH

HJIX B030~8HHI, Tax HOT 3HaqeJral O.ll;HOQaCTHQHHX MatpHQHHX 

aneMeHtOB onepatopoB /-= • QQeBH,ItHO, Ha.J{O yqecn napuue 

xoppena~HH, cy~ectBeHHHM oOp8.3oM onpe.1J;enan~He nnor-

HOCtL xBa3HQactHQHHX B030~eHHI/BI. C~ectBeHHYD ponL xr

paer yqer ocratOQHHX neHtp008XHHX H COHH-COHHOBHX B3aHM0-

.1!;8RCtBHI, xoropHe reHepHpynr 1•-BerBL B030~8HHI B qerHO

Q8THOM ocroBe. Yqer B3aHMO.ll;elcrBHR HeqerHOI qacrH~ C 1•

B030~8HHRMH ocroBa npHBO.ll;Ht K nepeHOpMHpOBX8 MatpHQHliX 

aneMeHroB oneparopoB J± H ()!; • IlepeHopnpoBXa jvv1 oxasu

Baet 3aMetHoe BnHRHHe Ha pe3ynLraTH ~HaroHanH3a~HH nonHoro 

raMHnLtOHHaHa (COOTB8TCTBYD~HI nonapH3anHOHHHI it,axtop RJ· 
.ll;OCtHraer B uexoropux ~pax 3uaqeHHR 0,6~0,7/9/), r.e. Ha 

pe3ynLratH pacqeroB 3HeprerHqecxHx cnexrpoB BplllltarenLHHX 

nonoc, a nepeHOpMHpOBKa Uuu' CHnLHO BAHaer Ha BHQHCneHH8 

MarHHTHHX xapaxrepHCTHX BPlllltarenLHHX COCTORHHI (MarHHtHHe 

MOMeHTH H BepORTHOCTH KI-nepexO.ll;OB). TrutHM oOpa3OM, HcnonL-

3yewR BHyrpeHHHR raMHnLTOHHaH HMeer BH,It 

:JCinit = Hsp + Hpa.i~ + Hq- .,. Hi • (7) 
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Ha~eHHHe C OOMO~LD aroro rWLHALTOHHaHa BHyrpeHHHe coOcrBeH

HHe ~YHX~H H C00CTB8HHH8 3HaQeHHR HCnOnL3YDTCR )J;nR BHQHC

neHHR nonapH3a~OHHHX it,axropoB H_aueprHR Bpa~arenLHHX coc

TORHHR. 

B rperLeM naparpa~e aroR rnaBH paccMorpeHo npHMeHeHHe 

H88.J{Ha0arHQ8CXOR M0.1!;8nH .IJ;AS OOHCaHHS BpamarenLHHX criexrpoB. 

EWIH npOB8.1!;8HH QHCneHHH8 pacqerH 3HepretHQ8CXHX cnexrpoB 

B aeqerHHX H3oronax Gd , Er , ])1:1 , Yb , /(J , )lo ,- lu 19-II{ 
r.ll;e uaOnll,l!aDTCB CHALHO HCKaX8HHH8 B3aHM0.1!;8RCTBH8M ~OpHOnHca 

BplllltarenLHHe nonocu. 

B HeqetHO-HeRrpOHHHX -~pax C 11~ 160 Ha0nll,l!anrca Bpllllta

renLHH8 nonocu, B xoropwc xopHqnHcoBo cMemHBaHHe cocroaHHI 

HacronLKO BenHxo,qro Hapymaerca nocne.1J;OBarenLHOCTL cnHHOB 

B nonoce H rpy.ll;HO Bbl,lt8nHTL nH,ItHpynmyn XOMOOH8HTY (?5()% B 

HOpMHpOBKe) B BOnHOBHX ~yux~ax COCTOSHHR. TeM He MeHee, 

H88.J{HaOarHqecxaa -M0.1J;enL, B xoropoR .1J;na onHcaHHa cnexrpoB 

Hcnou3ynrca .ll;Ba cBoOO.ll;HIU napaMerpa ,tl:z '(/ H Ll , y.1J;oBner

BOpHrenLHO OOHCHBaer 3HepreTHQ8CXH8 cnexrpH B 3THX ~pax. 

Ilpe.1J;cxa3aHHOe reopHeR nonoxeHHe ypoBHeR 5/2+ H 7/2+ Bpama-
1ss 1,;1 r 

T8nLHHX nonoc nonOXHT8nLHOR qerHOCTH B ~pax Er H c:.r 

OHnO Il0.ll;TBepX.1!;8HO 3KCn8pHM8HTMLHO/I21. IlpoBe)J;eHHHR HaMH 

a11anH3 OonLmoro QHcna BpamarenLHHX nonoc no3Bonaer c.1J;enarL 

BHBO.ll; ~- roM, qro B paMKax .1J;ByxnapaMerpHqecxon H8B,J(HaOarH

qecxo? · Mo.1J;enH MOXHO y)J;OBneTBOpHrenLHO OOHCaTL 3HepretHQ8CKHI 

cnexrp nnOoR BplllltarenLHOR nonocu B ueqeruwc ~pax c OonomoR 

crarxqecxoR .1J;e~pManHeR (y2o~ o,J). 
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B qeraeprou H narou naparpaqiax aropoa r.11aau paccuarpHBa

nrca HeKOTOpue llP8A8JlbHH8 c.11yqaH He~HaOarHqecKOR MOA8JIH. 

IlOK636HO, qro c.11yqa8 cnaooa CBH3H M8x,IiY qacTHUeR H qerHo

qerHWl OCTOBOM, KOrAa CllHHH qacTHUH H OCTOBa noqrH napan

J18JlbHN, aBJiaerca qacrHw c.11yqaeu He~HaOarHqecKoR BP8.Jllare.11b

HOR M0A8JIH. 

*CCJl8A0BaHH8 AHHrumqecKHX ypaBH8HHR, r.e. 36BHCHMOCTHJ: 

d H .1 OT cmrna BPWl!6T8UHOro COCTOHHHH :£ ll0Ka3UBa8T, qro 

crarHqecxoe npHOJIHxeHHe, HCllOJib30BaHHOe B He~HaOarHqecxoa 

MOAeJIH, cnpaBeAJIHBO .JtO cnHHOB I"' 25/2 ~ 29/i101. Taxaa 

craOHJlbHOCTb KOJIJl8KTHBHl:IX napauerpOB oo~acHaerca ABYMR a4i

$eKrrum: I) Xopomo H3B8CTHHR B qerHo-qeTHl:IX 11,ll;pax aHTHCnapH

BaT8JlbHUlt 3!pq)8KT, oo~aCHRDmHlt AHHaKHqecKHe CBORCTBa CaKOro 

ocroBa, 2) CBR3h apameHHR ocroaa c ,JtBHxeHHeM HeqerHoR qac

THUH. TaXHM oOpa30M,:i.rn HM88M ABa KOHKYPHPYDlllHX 3!pq)8Kta, -

B3aHMOA8ltCTBH8 BpameHHR H cnapHB6HHa, cnocoOCTBYD~ee 

pa3BHTHD AHHaKHqecKHX 3!pq)8KTOB B octOBe,H B3aHMOA8ltCTBH8 

BpameHHff C ,JtBHX8HH8M aeqerHOR qacrHUU, KOTOpoe npenaTCTByer 

arouy. KOHKypeHUHH 3THX ,JtByx 3!pql8KTOB H npHBO,JtHT K cra6HJIH-

36UHH KOJIJl8KTHBHl:IX napauerpoB OCTOBa. 

Tpeua r.11aBa ,JtHCCepranHH llOCBSIJll8Ha HCCJl8,Jt0B6Hi1D 

3Jl8KtpouarHHTHl:IX xapaxrepHCTHK BPWl!6T8JlbHl:IX COCTOfflIHR. B 

aroR r.11aBe paccMarpHBanrca BepORTHOCrH E2-H MI-nepexOAOB 

BHyrpH poraUHOHHNX llOJIOC, OrHOW8HHR HHreHCHBHOCTelt s: 1'I )..;:. , 

cneKtpOCKOnHqecKH8 KB~pynOJibHUe H MarHHTHUe uoueHru Bpa

mareJibHUX cocroanHlt. nna Buq11c.11eHHa aroro HaOopa xapaxre

pHcr11K HCllOJlbSYDrca BOJIHOBUe ~yHKUHH, no.11yqennue B peayJib-
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rare pacqera aHeprerHqecKHX cneKrpoB, H ,1tBa cBoOo,1tHl:IX napauerpaJ'; 

H Oo • 
Bo BTOpOM naparpa$e rpetb8R r.11aBU paccuarpHB6DTCH uarHHTHUe 

MOM8HTH apamareJibHUX COCTORHHR, ,JtJIH B~qHCJl8HHR KOrOpl:IX HCll0Jlb3yerca 
0 eJ,I eJj 

0,JtHH CB060,JtHUlt napaKerp 912- • BeJIHqHHU Js H fe ' HCllOJlb3yeuue B 

a,1tHaOarHKe xax napauerpu, B He~HaOarHqecxoR uo,1te.11H Buq11c.11anrca B 

T80pHH {;{I} 
eJJ O ) --Cje -fe) = ( fe - fe . (-KrI) 

t:IH/SI !IM> 
(g/

1
'-je) = c9s '-fe) <.IHry/rr/IMY,p> ·. 

(8) 

(9) 

M3 ypaBH8HHR (8) H (9) BH,JtHa CBS3b aiW>eKrHBHl:IX§ -$aKTOp0B C H8a

,JtHa6arHqecKHlm aqxpexraKH B cnexrpe. nna \fUlS £. -ypoBHeR /G-CIJ/ £E I fKG"J/ 
· · efJ 

H noarouy B03HHKaeT paaJIHqHe l)aKTOpOB ;~ B a,1tpax C H8'18THW 

JV H Z 
eH O ef-J 

Jc (fV) £: /12 != fc . (r ), 

KOTOpoe H3B8CTHO 3KCll8pHM8HTaJibHO H noKa3aHO Ha pHc.I. 
. . 

Ha OCHOBe BUW8H3JIOX8HHOrO ueto,1ta OUJIE npoBe,JteHH CHCT8lfflTH'l8C-

KH8 pac11eru uarHHTHl:IX MOM8HTOB ,1te$opMHpOBaHHl:IX R,ll;ep/
14

, 151. Pe-

3YJibtaru pacqeroa xopomo cornacynrca c axcnepHMeHtaJibHWlH AaHHWW, 

a HCll0Jlb3yeuue 3Ha'leHHR 9; paBHN: 0,35 A.Iii R,11;8p C H8'18?HUM:r 

H 0,26 - 0,35 AJIH neqeTHO-H8RTpOHHl:IX R,ll;8p. C.11a6aa 3aBHCHMOCTb pe-

3YJlbTaTOB paC'18TOB OT H860BbWHX H3M8H8HHR e: ( "'0,05) ll03BOJIS8T 

np8ACKaaan uarHHTHHe MOM8HTH HH3KOJl~X6lllHX_BpalJlateJibHl:IX COCTORHHR. 

aro yTB8px,Ii8HH8 uoxer 6NTb ll0,JtTB8px,It8HO H8,1taBHHM H3M8p8HH8M uar-
. w 

HHTHOrO uoueHra B036yx,It8HHOro COCTOSHHR 7/2+-,/2[64'2]B j)!f /161, 

.f'1-1l ( 43,8 xaa) = -o, 134.(5). Ilpe,1tcxasruiHoe reopHeR 3Ha11enHe: 

fl1l =-o, 1l141• 
B rperheM naparpa~e aroR rnaau paccuarpHBanrca BepoaraocrH E2-

2 
H MI-nepexO,JtOB H O?H01118HH.8 HH?8HCHBHOCT8H 6_r H ~.I BHYTPH poranx-

OHHOR llOJIOCH. 

9 



a:"! I\~ ,: 
as {~•-•s 
£U1 "'lu 

a, 

0,2 

0.1 

~

q,. 
m q21 

"!Ga 

J/2 1/2 lf/l tS/1 11/l lJ/1 11/Z I 

a:,, 
f. 

myb 

a, 

a, 

o.•f /'\J\ A /\ /\ /\ 
,.,Ho 

a,( v V V V \ "'Lu 

J/2 7/2 lf/2 1$/l 19/1 lJjZ 17/Z [ 

PHc.I. 3aBHCHMOCT& 3\fxpeKTHBHl:lX !J -ipaxropoB 
or yrnouoro uoueura. 

10 

; 

i.l' 
,, 
\ 

l 
~ 

Pe3yn&rarH pacqeroB BeposrHocreR anexrpouaruHrHwc nepexo,1tOB 

noxa3&BaDr, qro otuomeu2e BerBeR E2-nepexo,1t0B ornHqaercs or 

npaBHn AJJara ron&xo BO Bpa111aren&Hl:lX nonocax, noctpoeHHl:lX 

Ha COCTOHHH.IIX CK aI/2, 3/2 H CHn&HO HCKWl:8HHWC B3aHM0,1tell

crBH8M KOpHOnHCa. lnH BHqHcneHHH 8(Ptf) BaJCHO yqHTHBar& 

H KOpHOHHCOBO B3aHMo,1teRCTBH8 H COHHOBYD nonspH3allHD (npo

,JtOn&HyD H nonepeqHyD). C OOMOIJl&ll B8JIHqHH /.r H E:i MOJ:HO on

pe,1teHHTi. 3qxpexrHBHHR napauetp Ugr 9RJ2/a.ZJ uJ II?/, xoro

pHA Hcnon&3yercs B a.itHa6atxqecxou paccuorpeHHl'I 

f fK-!R 1
2 .::: :!_ 

Oo ~JJ - Jr.z 
E/ (11/.Jf) 

0,2tl (2IU} (2.I-.2} ( IO) 

H suisercs xoucrauroll B noioce. Hea.itHa6arHqecxHe pacqerH 

3TOro napauerpa ll0Ka3HBaDr, qro OH He HB!Hercs KOHcraHrOII 

nonocH, a Mozer CHn&HO ~!yKrYHpOBaT& or ypOBHH K ypOBHD. 

Onpe,1teneHHe [rj'.--- f,.,J/c?o]!-11 H3 3KcnepH:u:euran&Hl:lX aHaqeHHR ;\ .S½ 

\ ~'7) H ~11~ B nonoce OCHOBHOrO COCTOHHHH ~ llO,ltTB8pZ,Jtaer pe-
r z -J 3ynuarH reopetHqecxHx pacqeroB; L 'frf,e J/t;>"J eJJ = 2, -;s · 10 

,ltRH L =9/2 H 7, 4. rn-3 ,lt!H .I .. n;2. 

TaxHM o6pa30M, Ha npHKepe aroro ll,ltpa w BH.itHM, qro 

uea.itHaOarHqecxHA no,1txo,1t no3uonser .itocraroquo xopomo H Ha.itex

uo BHqHCHHT& anexrpouarHHTRHe xapaxrepHCTHKH BpdlJlaTe!&Hl:lX 

cocros1mR, a a.itHa6atHqecxoe pacc:u:orpeuHe B cnyqae CHn&Horo 

C:U:8111HBa~HH COCTOHHHR He ,1taer npaBH!&HOrO pe3yn&rara. Bee 

3qxp8KTHBHHe napauerpH, KOrOpHe B a,JtHa6arHK8 ~HrypHpyDr KaK 

KOHCraH?H ,J!;JIH porartHOHHOII llO!OCH, B ,1tel!C?BHr°e:11&HOCTH uoryr 

M8HHr&CH B 36BHCIDlOCrH or roro, H3 KaKHX 3KCll8pHMeHran&Hl:lX 

uenHqHH OHM onpe,1teneHH • .AHanH3 xapaxrepHcrHx upa111aren&HHX 

II 



OOJIOC B .neqio_p:impOBaHHHX . H,11,pax pe,11,K038ll8Jll,HOlt OOJiaCTH noxa-

3UBaeT, qTO MOXHO OOHCaTJ, 3Jl8KTpOllarHHTHHe CBOllCTBa Bp8Jlta

T8Jl!,HliX COCTOSIHHll C OOMOJl!l,D Hea,11,HaOaTHqecxoa MO,lt8JIH, HCOOJl!,-
1 

3YSI BCero ,nBa napaueTpa f11 H t}p • 3TO 003BOJISl8T c,neJiaTJ, Bli-

BO,n O TOll, qto yqeT KOpHOJIHCOBa B3aHM0~8ltCTBHSI 11 COHHOBOll 

no.11apH3alU{H - r.11aBHHe 3ipqi8KTH, KOTOpue Ha,ltO npHHHllaTl> BO 

BHHMaHHe npH paccMOTp8HHH BpaJ1!aT8JIJ,HliX OOJIOC (3.118KTpOMarHHT

Hli8 CBOltCTBa) B HeqeTHliX impax. CpaBH8HH8 C a,ltHaOaTHKOlt 

noxaaunaeT npem,YJ1!8CTBa H8a,1tHaOaTHqecKOll M0,11,8JIH: 

I) YlleH:1,meHHe qHcJia CBOOO,nHHX napaMeTpOB npH OOHCaHHH 

3Jl8KTpOMarHHTHHX xapaxrepHCTHK Bpall!aT8Jll,Hl,IJC no.11oc. 

2) HaJIHqHe SIBHOll CB83H Mellt,ll;y 3H8preTHqecRHMH H 3Jl8KTpO

MarHHTHID.ffl xapaxrepHCTHKB.lm potanHoHHWC cocroaHHll. 

J) 0,nH03HaqHOCTl> napalleTpOB H no.11yqeHHHX p83YJil>TaTOB.· 

B a,1tHaOaTHK8 ,nJia Kax,JJ;Olt npaJ1!aT8Jll,HOll OOJIOCH Hll8DTCSI H8CKOJl!,-
eH ~I 

KO nap 3HaqeHHllfs (f;;) H ;.2 B 3aBHCHllOCTH OT Toro, H3 KaKHX 

3KcnepHM8HTaJil>HliX B8JIHqHH OHH onpe,neJieHu, a B H8a,1tHaOaTHqec

KOM no,11xo,ne ~:fl H 9:,1'5 Bli'lHCJIHJlTCa B T80pHH. 

4) CtaOHJl!,HOCT!, HCOOJl!,3yewi:x napalleTpOB npH OOHCaHHH 

xapaxTepHCTHK OoJI:1,moro qHcJia H,11,ep. 

5) YctoltqHBOCT!, nuqHCJl8HHliX xapaKT8pHCTHK npH H800JI!,-

' mHx H3ll8H8HHSIX g; (.no o, 05), 'ITO ll03BO~aeT c,neJiaTJ, Ha,nexHH8 

npe,nc:icasaHHH uarHHTHHX MOMeHTOB HH3KOJl8X8.lltHX COCTOHHHll. 

B qeTBepTOM naparpaqie 3TOll r.11aBN pacc»aTpHBaeTCSI BJIHSI

HHe yqeta KOpHOJIHCOBa CM8mHBaHH8 COCTOSIHHll Ha ceqeHHH peax

IU{lt O,nHOHyKJIOHHliX nepe,na1l 18I. llHCJ18HHN8 pacqeTH ceqeHHll 

pea:itnHll o,nHOHYKJIOHHOll nepe,D;aqH THIIa 
1
•

0~d (d,·tJ'ss (:d H 
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1•1/~ (d ) 1n 71 . VJ 1 ( vy noxa3UBaDT, qTo yqeT B3aHMo,neltCTBHSI KopHOJIH-

ca npHBO,JJ;HT K H3M8H8HHD aOCOJIDTHliX 3HaqeHHll ceqeHHll Ha JO';C • 

B qeTnepToll r.11ane npone.neHo HCCJie,noBaHHe 3.11extpHqecxnx 

nepexO,D;OB (EI H E2) uex,ny BpaJl!aT8Jl!,HliMH OOJIOCawi. H3B8CTHO, 

qro 0,11,HOqacTHqHl{e oneHKH npHB8,11,8HHliX BepoaTHOCT8ll EI- H E2-

nepexo.non llJIOXO cor.11acyDTC8 C H3B8CTHWH 3KCnepHM8HTaJIJ,HliMH 

.naHHWH. n.11a yJiyqmeHHH cor.11acHa C 3KCnepHM8HTaJIJ,HIDm ,11,aHHH

llH .nJia nepexo.non Mell:,l(y BpaJl!aTeJI:1,HHMH no.11oca:im cAK=I Heoo

xo.nm,o, B nepByD O'llepe,11,:1,, yqecn KOpHOJIHCOBO Cld81lll!BaHH8 coc

TOHHH!. 3TO MOXHO oO~aCHHT!, H8CKOJILKHUH npH'IIHHaMH: 

a) HaHOOJILllllt8 npHM8CH B BOJIHOBWC qiyHKnHax BpaJl!aTeJILHHX 

COCTOHHHll paccuarp.HBaeuoa OOJIOCN .naDT COCTOHHHH C /JK -I; 

0) uarpHqHue 3Jl8M8HTH 3Jl8KTpH'118CKOrO ,D;HOOJlnHOro onepa

TOpa M8XJtY COCTOHHHSIYH c/JK=O noqrH Ha nopJt,I!;OK 60.11:1,me LtaT

pnqHUJC 3Jl81f8HTOB ll8XJtY COCTOHHHIUIH C 4 K =I; 

B) ,nHarouaJILHHe u:arpH'IIHH8 3Jl8M8HTU KBa,npynOJll,HOro 

a.11exrpH'llecxoro oneparopa woro 60.11:1,me He,D;HaroHa.11:1,Hwc. 

TaKHM oopa3ou, npH paccuotpeHHH EI-H E2-nepexo,noB 

U8%JtY no11ocaMH C/JK •I OCHOBHOll BKJia,lt B BOpOHTHOCTL nepexo.na 

.naM He npai.we 11atpH'IIHHe a.11eueHTH < 17-'l (EA J 1 r-1:' 1 = 1 uelf,l\y 

COCT08HUHW1, Ha KOTOpHX noctpOeHU Bp8JltaTeJILHli8 no11ocu, a 

lJaTpHqHl,[8 3Jl8M8HTH (m ( 0) 11(-K' I"' 0 , CB83aHHU8 C KOpllOJIUCO

BlW cuemHBaHueu COCTOffHHll. 

B:·nepnou naparpaqie aron rJianu paccuatp:aBantca nepou

HOCTH EI-nepexo,noB. IlpHBO,D;enHaa BepOHTHOCTh EI-nepexo~a B 

H8a,l(Ka6aTHqecKOll HO~e~H,nMeer Blf.JI,/I9/ _ 
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B(Ef:r..,I'J =IE~ c;,, c:,;, {<J"K'J'»'l:,.K /J'K>,, f',_PJ'' 
' ,p KJ'' .r J o 

Il('~I( ._ .PJ" 
x(J"K~K'-k'II'K'> 1-(-j) d.f;fl., SK~f/z,xRtr )(' 

" <J'K'/ m :,uf.fi > <Z-11,z i:f I I 'i/2. > j I: 
r.ne m; = ee;J i Y~ 

feJJ = e • { 1 - c IA 
-?/A 

.D;JUI nporoua 

.nu uearpoua 

(II) 

J'J'' R~ - qiaxrop,cBasauuua c yqeroM napuwc xoppenHIUIR, a awnH-

ry,llH cMeWHBaHHH ct nonyqaDrca H3 pacqera' sueprerHqecxoro 

cnexrpa; cne,noBarenhHO, ~opMyna .n;na BHqHcneHHH npHBe,neHHWC 

Bepoaruocrea JJ(E1) He co,nepxHr HHKaltHX cBoOo,nuux napauerpoB. 

B paMXaX H8a,JtHaOarHqecxoa MO,ll8BH OHnH BHqHcneHH adconDrHH8 

suaqeHHH 8(E1) H oruomeHHH HHreHCHBHocrea B pR.D;e R,D;ep pe,ll

xoseMenhH0'1 oonacrH. B xaqecrBe HnnDcrpalUIH B raOnH~e 1 
tSJ i(I 

npHBe,lleHH pesynuaru pacqeroB .Jl.llR R.D;ep 'Ell H Jlo , B xoro-
-

pwc H3B8CtHU El-nepexO,llU M8X.llY BpautarenhHLDlH cocrOHHHHlm ,llO 

OonhmHX suaqeuHa yrnoBoro MOMeura. Pesynhraru pacqeroB noxa-

3HBaDr, qro B pru1xax HBa.itHaOarHqecxoa KO,ll8!H MOXHO nonyqHrh 

xopomee onHcaHHe El-nepexO,llOB MeX,lly Bpa~arenhHliDOl cocroHHHRMY 

083 HCllO!h30BaHHH KaltHX-nHOO CBOOO,D;HWC napauerpoB. nna nepe

XO,D;OB cJK -o BKna.it B B8p0HtHOCth nepexo.na, oOycnoBn8HHUR 

cHnrum KopHOnHca, oxasuBaerca nopR,D;xa 15-2~, a .nna nepexo

,nOB CbK 21 BXna.n B 8{E1) or npH118C8R B BOnHOBHX ~YHXItHHX 

paccwarpHBaeMWC cocroHHH'1 •oxer .nocrHrarh 70-8~. 
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T a O JI H It a l 
,(5) (6{ 

AOconDtHHe 3HaqeBHR npzse~eBBJa; seposrHocrea El-nepexo~oB B R.Jtpax Eu H Ho 

'J/2+ [4II]-.5/r [5'32] 712+ [404]➔7/2-.(52'3] 

Iff B(El) B(El) Ir, B(El) B(El) 
I,ff · reop. 3xcn. I''fi reop. 31'Cn. 

{fo-CezfH] [fo"'e'oH] [fO-'e'[H] {fo-'e'[H] 

'J/2+ 5/2- 6,4 7/2+ 7/2- l'J,l ~7 
5/2+ 5/2- 1,2 0,'32 9/2- 'J,5 

7/2- I0,6 
7/2+ 5/2- 2,5 0,94 9/2+ 7/2- 2,8 

7/r l,l l,67 9/2- 7,6 
cii 9/r 1,4 'J,55 II/2- 4,6 

9/2+ 11r 5,1 2,66 II/2+ 9/2- 'J, 7 'J,68 
9/2- 0,8 l,26 II/2- 4,7 3,90 
II/r 15,4 ('J, 74) I'J/2- 4,6 

II/2+ 9/2- 7,2 4,12 I'J/2+ u12· 'J,9 4,88 
n12- 0,6 l,78 I'J/2- 'J,l 2,49 
IJ/2- 16,8 5,25 15/2- 4,1 

15/2+ I'J/2- 'J, 7 6,6'3 
17/2+ 15/2- 'J,8 8,70 



Bo BTopou naparpa4>e 3TOtt rnaBH uccne,1;yntca E2-nepexo,1;H 

uex,ny BpalllaTeJll,HWH COCTOS!HHS!WI C 11 K =I. 3KcnepHIL8HTaJll,HHe 

)laHHHe CBH,l{8l'8JlhCTBYDT, qTO TaKHe nepexO,llH, KaK npaBHJIO, 

3HaqHT8JlhHO ycKopeHH no cpaBHeHHD C O,llHoqaCTliqHlil(H oneHKaJLH. 

Ka.118CTB8HHOe OthS!CH8HH8 3(p(p8KTa ycKopeHHS! ,OHJIO nony11eHO 

ellle npH y11eTe B3aHU0,1;8ttCTBHS! KopHOJIHCa B Hmtanmeu-nop~e 

TeopHH B03yYllleHHtt. IlpH nu11ucneHHH BepoaTHOcteR E2-nepexO,llOB 

HaMH Y,qHTHBaetca·xopHOJIHCOBO cuemHBaHHe COCTOS!HHA H O,llHO

qacTHIIHH8 nepexO,llH (t.e. yqRTHBa8TCS! O,llHOl!aCTHl!HaSI qacu 

KBa,llpynOJihHOro 3Jl8KTpli1I8CKOro onepaTopa) • ',Yl!Hl'l,IBaDTCS! Tane 

3(p(p8KTHBHHe sapS!,llH,B03HHKaDlllH8 H3-3a y11eta B3aHMO,llellCTBHS! 

He11eTHOtt-qacTHIUI C onpe,lleJieHHlilLH THilaMM BHYTP8HHHX B030yx

,1;8HHR 11eTH0-11eTHOro OCTOBa/20/ ( B Hameu CJ1y11ae - 1+-B03-

0yx.neHHS!) • ITpHB8,ll8HHaSI BepOS!THOCU E2-nepexo,1;a sam1cliBa8TCS! 

B BH,lle/2I/ . .· 
· · r :r' 1 , 1/r' + 

8(£2 I-,I'}= 1~ r c'"P' c,,o• { <.IKZo/TJ(> ll7cii C, djJ' 
. I Jr_p /;'J'' J 1•JJ . 

- ! l/ ) . ,Z 
+ _;rn?;."'-K J:r'K'> ¼.r• (i 3 z,1:'t:K .,,, e(r,K'') OJ(,r:•uJI, ( I~ 

r.n;e e,~;k'')- sqxpeKTHBHHe sapS!,llH ,I;JISI nepexo.D:a Me:i..ny o,n;Ho11ac

T1111Hw.u1 COCTOS!HHRWI_ fl(> H //(') H npHHHl!:a8T 3Ha1JeHHS! (0,8:-0,9) 

e ,!!JIS! .HellTpOHOB H (I,8-2,0)e )lJl/1 npOTOHOB; PacCMOTp8HH _True 
']~ 

xe pac11el'lil CHJIOBOll il>YHKUHH ,l;JIR S!,llpa - Cf H nponecc 4>op-

l!HpOBaHH/I 3(p(p8KTHBHOro sapll,lla no uepe yB8JIHll8HHS! YIIHTI!Bae

WlX r•-B030yit,!!8HHll. KOHKpeTHH8 IIHCJl8HHHe pac11eTH B8pOS!THOC-
2J.S- -

Tell E2-nepexo,n;OB OHJIH npoBe.n;eH~ ,ll;Jl/1 u' r,llC H3 KYJIOHOB-

cxoro B03ClYJ[,!1;8HHS! H3B8CTHH adCOJIDl'Hll8 3Ha1!8HHS! /3( c :::_) H 

OIHOmea11a HHT8HCHBHOCT8ll nepexoAOB C BpamareJihHHX ypOBH8tt 

OCROBHua OOJIOC!il 7/2-[743] Ha ypOBHH Bpal!laT8JlhHllX nor.oc, 

16 

nocrp08HHl,IX Ha O,llH01IactHqH1,1X COCTORHHRX 5/2-[752]H 9/2£734]. 

PesynuatH noKa3HBam, 1ITO y11et O,l;HOllaCTH1IHHX nepexO,llOB H 

34>'1>8KTHBHHlC sapS!,llOB B OU8HK8 B8pORTHOCT8R nepeXO,llOB npHBO,l;HT 

K 38ll8THOMY H3M8H8HHD [3{ c2) (,llna· H8KOTOp!,1X nep8XO,ll0B ,llO 

35-40,:) H yny11maet cornacHe C 3KCnepHM8HTaJihHHILH ,llaHHlillH. 

TaKHM·OOpasoM, B paMKax H8a,llHaOau11ecKOR BpalJlateJihHOR 

MO,ll8JIH MOSHO OilHCaTh BC8 H3B8Cl'HH8 3KcnepHM8Hl'aJihHHe xapruc

repHCl'HltH JIDOOR BpalJlaT8JlhHOR nonocu, HCil0Rh3YS! H800Jiomoe 

1IHCJIO CBOOO,I;HWC nap8ll8Tp0B r/zJ , Ll , fR0 
, t?., • K03~UH8Hl'H 

CMCIIUIBaHHll c{p , noay11eHHH8 B pe3yJihl'aTe pacqeroB 3HepreTH-

1I8CKHX cnexrpoB, Moryl' 0Hl'h HCnOJih30BaHH ,llJlll OecnapaM8TpH-

1J8CKOro aHanHsa BepoatHOCteR EI- H E2-nepexo,1;0B M8:QY Bpa•a

renhHHMH COCTOS!HHSMH. 

0CHOBHH8 pesyJihTars, BOm8,lllllH8 B ,l;HCC8ptaUHD, 0HJIH ~o

JIOX8HH Ha Me;QyHapO,llHOM CIOIII03HYM8 no S!,ll8pHHM COCTOS!HHSM 

c BHCOKHM CilHHOM B CroKrOJihM8 ( 1972 r.), Ha XXIII CoBe~a

HHH no S!,llepHOR cnextpOCKOilHH H l'80pHH S!,llpa B lY0H8 (1973 r), 

Ha XXIY EserO,llHOU COBelllaHHH no S!,ll8pHOll cnexrpOCKOnHH H 

l'80pHH S!,llpa (IaphKOB, 1974 r.) H onyOJIHKOBaHH B paOotax/9- 11, 

D•I5,I7-21/ 
• 
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