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B padoTax /l-3/ np~ H3y~eHHH cneKTpoe y-KBaHTOB np~ panHau~oH

HDM 3aXBaT8 He:i.hpOHOB R,D;p0Ml 43Nd OdHapy!CeHO aHOMaJibHOe ycMJI8HH8 
+ + 

nepB~~HbiX y-nepexonoB Ha ypOBHH 22 H 41 ~3 s-pe30HaHCOB 144Nd CO 3Ha-

~8HHHM~ CITHHOB H ~eTHOCTH Ji 3-,4 8 HaCTO~me~ padoTe naeTC~ 

od~~cHeHHe TaKara aHoMaJioHoro ycHJieHH~ El-nepexonoB. 

AHaJIH3 3KCnepHM€HTaJibHhlX naHH~X ITpOBOllHJIC~ Ha OCHOBe pac~e

TOB, BhlllOJIH€HH~X B paMKaX KBa3H~aCTH~HO-W0HOHHOR M0ll8JIH Rnpa (K~M) 

/4/. TaK KaK nonpodHoe onHcaHHe K~M MoXHo HaRTH B /4/,orpaHH~HMCH 

TOJibKO ee KpaTKHM ODHCaHH8M. 

faMHJibTOHHaH K~M BKJID~aeT B ced~ cpenHee ITOJie B ~pMe ITOTeHUH

ana CaKcoHa-Bynca, cnapHBaTenoHoe B3aHMoneRcTBHe H 3~KTHBH~e oc

TaTo~H~e MyJibTHITOJibHhle H CTIHHMYJibTHTIOJibHhle CHJIW. 80JIHOBWe ~YHKUHH 

B03dy~eHHWX COCTO~HHR ~eTHO-~eTHhlX CW8pH~eCKHX ~nep HM€DT BH.Il 
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rne ~o - BOJIHOBa~ WYHKUHH ¢oHOHHoro eaKyyMa, ~~i - onepaTop po!C

neHH~ WOHoHoB = 

3neco ajm C ajm ) - onepaTop po&AeHH~ CyHH~TO!CeHHH) KBa3H~acTHU. 

YpaBHeHH~ llli~ HaXOin€HH~ 3HeprH0 H K03WWHUH8HTOB R H P ,llaH~ B /4/. 

8eJIH'iHHa .IlBYXKBa3H'iaCTH~HOA KOMIIOH€HT~ ~hJ2 tJ CO CTIHHOM J COCTO~

HHR v, onHcwsaeMoro eonHOBOA WYHKUHe0 Cl), pasHa 

(3) 
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npu npoMeJKyTO'YHbiX 11 BbiCOKI.J:X 3Heprl1ifX E03c5y;r.,ueHl1il, Kor.na D!JOTHOCTb 

yposHej;j: nocTaTO'YHo semma, sMecro seJJl1tfUHbl ( 3) y.uodHO liCITOJib30BaTb 

Cl1JJOBYD ¢YHKU11D: 

( 4) 

HcnOJib3YH 3HaJIUTl1'YeCKUe CBO~CTE3 K03~11Ul1eHTOB R, MO~O nony-

'Yl1Th ilBHOe Bb!P3lK€Hl1e .D,JIH ¢1 ( J, T)) qepe3 napaMeTpbl raMI.fnbTOHl13H3 
J 1 J ;l 

K¢1M /4/ Benutfl1Ha 3HepreTHtfeCKoro HHTepsana ycpe.uHeHHR fi onpe.ue-

JIHeT cnocod npe.ucrasneHHR pe3yJihTaToB. 

3Ha.ff BOJIHOBbl€ ¢lyHKUl1V. H3tf3JibHOrO l1 KO HCl!HOrO COC'l'OJ!I-H111., He-

TPY.llHO BblttV.cJJHTh npHse.neHHYKJ sepoilTHOCTb 3JieKTPOMarHHTHoro nepexo

na MYJibTunonbHOcTH A: 

1 
BO .. J ~ J J----
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L I<J,M,IMCEAJIJ,M,>I". 
!-IMl Mr 

(5) 

3.uecb MCEA) - oneparop 3JieKrpoMarHHTHoro nepexo.ua. 

8 HacToHmeH padore np11 pacqeTax ucnoJib30BancH cnerKa MO.Ul1~l1Ul1-

posaHHbiU no cpasHeHl1KJ c padoroA /5/ Hadop napaMeTpos Kq,M. PactfeTbl 

BbiiTOJIH€Hhl c nporpaMMOH GIRES, onwcaHHe KoropoR .uaHo B /6/. 

CTpyKTypa HU3KOJie~ml1X COCTOilHHA 144Nd H€0.UHOKp3THO l1CCJI€.UOBa

JI3Cb B pa3JIHtfHhlX T€0p€Tl1'Y€CKl1X MO.U€JiifX /5-8/(CMOTpH CCbiJIKH B padOT€ 

/8/). EnR nonHoKpOBHoro cneKTpOCKODHtiecKoro pacqera BOJIHOBaif WYHK

UHif (1) CJIHWKOM llpOCT3, HO .U!Jif HHTepecyKJ~X HaC COCTOgHHa ee CJIQ~

HOCTb nocTaTO~Ha. 

3KCITepHM€HT3JibHN€ l1 paCC'YHTaHHW€ HaMH 3HeprHl1 HHEaAWHX ypoB

HeA 2+ H 4+ DOK333Hhl Ha pHc.1. HeKOTOpoe 33BbiW€HHe 3HeprHA ypOBHeH 
+ + 6 22 H 41,2 , nony~eHHO€ B TeopeTMGeCKHX pacqeTaX, 0 bHCHH€TCR TeM, 

qro Mb1 He YtfHTWBanM TpeX~HOHHWe KONnOHeHTN B BOJIHOBNX ~YHKUHifX. 
!Jig CTpyKTypbl oc5cyx,naeMNX COCTOHHHa MN nonyqaeM cnenyvmee. 8 CTpyK-

Type ypOBHR 21 81,5% COCTaBnR8T onH~HOHHai£ KOMnOH€HTa 021• 8,3%-
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E1 

/~ 

2,300 --4+ 

2,109 -- 4+ 
2 

1.900 --2+ 
2 2 

1.561 --2+ --4+ 
2 1,500 

--4+ ' 
1,314 

' 

0,696 --2+ -- -- 0,662 --2+ 
' ' 

0,0 --o+ o.o -- o+ 
' 

I~r BCE!J 

E,M3B ;n 
f 

3KcnepnMeHT TeopHR 

PHC. l.CneKTp HH3KOR9~mMX COCTOHHHA 144Nd; OTHOCHT€RbH~€ HHT9HCHB

HOCTH (SKCnepHMSHT/2/) H npHB9ll9HHWe BepOHTHOCT¥ (pac~eT) 

El-nepexonoa Ha HH3Koneza~e ypoBHH. 

llBYXWoHOHHaR KOMDOH€HTa Q21®Q21 H 5,3%- KOMllOHeHTa Q21®Q!1· llrrH 

BToporo ypoBHH 2+ AOMHHHpyn~MH B ee CTPYKType HBRH~TCH KOMllOH9HThl 

022 (64,7%) H 0210021 (26,ri.J. KpOMe TOro,6,1% COCTBBflReT KOMDOHeH

Ta 0210041. CTPYKTYPa COCTOHHHH 41 onpenenaeTCH ABY~ OCHOBHNMH 

KOMDOHeHTaMH• 041(56,2%) • Q21®Q21C41,4%J. 

Hrra npHBeneHHMX BepOHTHocTeA E2-nepexonoa y Hac nony~aeTcH: 

BCE2;2r-+ orJ=710 e2~M4 ; BCE2;22-+ orJ=9,4 e2~M4 ; BCE2;4r-+ 2rl= 

370 e2~M4.3KcnepuMeHTanbHWe BCE2J-BenHqHHhl B enuHuuax e2~M4 /7,8/ 

paBHW, COOTB€TCTB€HHO, 987 ± 45 , 6 , 717 ± 45 
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KaK OTMe'-JaJIOCb Bh!We, HV.3KOl!eJKalll.Me COCTOHHV.H 2+, 4+ 3aCeJIHJOTC$i 

lH1TIOJibHh!MM y-KBaHTaMM rrp11 pacna,Ue rpynmr s-pe3oHaHCOB c Jn:::3-, 4-. 

XoT.sr pactieT CTPYKTYPbl OT,UeJibHhJX Heti:TpOHHhlx pe3oHaHCOB JiBJIJieTc.sr 

npaKTV.Y€CKV. H€BhJOOl!HV.MOH 3a,UaYet\:, MO~O BhNHCJIV.Tb 3HepreTV.Y€CKOe 

pacnpe,UeJieHV.e CHJihl KOHqiV.rypaUMtl:, C KOTOphlX B COOTB€TCTBHI-:! C npaB~-:~-· 

JiaMi-:1 oT6opa 1-:!ll.YT £1-nepexo,nbJ. Tipeue Bcero Mhl npoaHamf3VIpOBarm E1-

nepeXO.Uhl Ha HH3KOJI€JKalll.M€ COCTOHHHJl, MCOOJib3YH B KaYeCTB€ BOJIHOBh!X 

tpyHKUV.tl qiyHKUJ.Bl: O,UHO¢QHOHHhlX COCTOJlH:t-!iL paCCI..JMTaHI-Ihl8 B TiplidJIV.JKeHVlJ1 

Cl!yYaAHhlX ¢a3 KaK llOKa3hJBaJOT paCI..l€ThJ, cpe,UH COCTOHHV.tl: 3 H3 V.HTep

Bal!a 3HeprHH B03dyJK,UeHV.H 6710 MsB TOl!bKO COCTOHHV.e C EX ~ 8,8 M38 

CBH3aHo OTHOCHT€l!bHO CHl!bHhJMM E1-nepeXO,UaMV. C nepBhlM V. BTOPhlM O,UHo-

4>oHOHHhJMl1 COCTO.>!HV..>!MH 2+. 0H!-! Ha O,llV.H- ,llBa TIOpHliKa npeBOCXO,UJlT .n_py

rv.e E1-nepexo.nhr. Tipv.YeM nepexo.u Ha coCTOHHV.e l022> B 2 pa3a CV.l!b

Hee, YeM Ha JQ21) 3TO Odb.>!CH51€TCH CTPYKTypoR Hai..JaJibHhJX V. KOH€1..JHhlX 

COCTOHHV.R. Bh~eynOMHHYTOe COCTOJlHV.e 3-.>!Bl!HeTC.>i npaKTH1..J€CKH I..JMCTO 

D.BYXKBa3HI..JaCTI-l:I..!HhJM Heti:TpOHHhlM COCTOHHH€M ~2f7/2 .29g/2 }. COCTOHHHe 

l021> KOJIJieKTHBHoe v. ero cTpyKrypa onpenen.srerc.sr cynepno3v.uv.eR 

dOl!bWOro I..JHCJia ,UBYXKBa3V.YaCTHI..!HhJX KOHqiHrypauv.R, cpenv. KOTOphlX Heti:T

pOHHHaH KOHqiHrypaUHJl {2f7/ 2 ,2f7/ 2 } HCI..lepnhlBaeT OKOl!O 37 %.B CTpyK

Type I022f ~o~H•PY"T HeaTpOHHa• KoH¢•rypau•• ~2r7/2 .2r7/2f C46,5Y.J 
• npoTOHHa• KOH¢•rypau•• ~2ct5/2.2ct5/2 f C50,8Y.J. H3-3a donhworo ~·
nonbHoro o.uHol..laCTH~Horo MaTpH~Horo sneMeHTa <2f7 / 2 !MC£1) j2g9/ 2> 
(3TOT MaTpH~H~ 3l!€M€HT B 2,4 pa3a npeBOCXO,UHT cpenHDD BeJIHI..JHHy Q,U

HO~aCTHI..!HhlX .UHTIOJlbH~X MaTpHYHNX 3JieMeHTOB B 144Nd) £1-nepexonhl Ha 

COCTOHHHH 2t.2 ycv.neH~. XOTH B~WeynOMHHyTwR nepexon f7/2~ 9g/2 H 

noMHHHpyeT, B MaTpHI..!Hwa 3JieMeHT £1-nepexona Ha COCTOHHHe 2i H3-3a 

ero KOnneKTV.BHOA npHpOi~ naeT BKl!an dOl!bWOe I..JHCl!O Heti:TpOHHNX H 

npOTOHHNX KOMDOHeHT C pa3H~ 3HaKaMH, ~TO H€CKOnbKO yMeHbWaeT ero 

B€l!H~HHy. Bo BTOpOM COCTOHHHH jQ22• ~HOHHaH aMnl!HTyna ~(2f7/2 ' 
2f7/ 2) H3MeHHeT CBOtl: 3HaK H TipOHCXOD.HT KOrepeHTHOe Cl!OXeHH€ BKl!anoB 

- + HeATpOHHOR v. npoTOHHOR KOMnOHeHT. B pe3ynbTaTe BCE1;3 -+22) npv.Mep-

HO B aaa pa3a donhwe BC£1;3-~22). 
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B CTPYKTYPY HeMTpOHHb!X pe3oHaHCOB naeT BKnan donhwoe I.U<Jcno 

JlBYXKBa3M:"I.!aCTMtiHhiX Vi donee CJJOXHbJX KOMTIOH8HT BOJTHOBbiX tiJYHKUllH. 

M.b! pacC\I.I>J:TaJm, HCITOJib3Y51 q}opMylly (4), ipparMeHTaU.li!!J JI.BYXKBa3H'-laCTtf1-!

HbiX KOMTIOH€HT C JIT:::;3-, 4-, C KOTOpbiX MOryT H.UTli £1- nepeXO,Ubl Ha 

Hll3KOJiexamHe COCTOHHHH 2+,4+. B odnaCTH 3HeprHH CBH3H HeMTpoHa 7,8 

M38 COCP81IOT048Ha OCHOBHaH CHJia KOH~HrypauHH ~2f7/2 ,29g/zr __ 
3 ,4 • 

KOTOpbre L!.OJIJrnbl .UaBaTb YCHJCeHH€ rrpH £1-rrepexo.nax. liJIH TaKOI-i KOHipV!ry
pamnf 3 pacnpe.r~eneHwe CHJibl npuse.neHo Ha p:v~c. 2. B odnacTH 3Hepn:ut 

CB513H HeRTpOHa B 144Nd H€T KOHU€HTpamm .UpyrHX .UBYXKBa3R\.!aCTH1.JHbiX 

KOH{pHrypail,Htl. TaKHM odpa30M, pacrra)lOM l.1epe3 BbiWeyiTOMHHYTbi€ KOH¢lHry

pamn:l MOJ!Wo o6nrrcHI1'I'b Ha6JIFO.QaeMble ycMJlCHHbiG EI-nepexo;.\bi. 

0.llHaKO nepeXOlibl MoryT HJlTH TaKJ:e H \lepe3 JlBYX¢QHOHHbi€ KOMTIOH€HTbl 

Ha\laJibHblX M KOHe4HblX COCTORHMtL HaWH paC1..I€Tb! C BOJIHOBbiMH Q)yHKUH51-

MH (1) TIOKa3biBaDT, \ITO Y\IBT .llBYX¢oHOHHbiX KOMTIOHBHT He TipHBOliHT K Ka

\I€CTB9HHOMJ H3M€H€mfKJ KapTMHbi. [1-nepeXO.llbi Ha 1IBYX¢ClHOHHbl€ KOMTIO-

0,4 

0,2 

n.MaB 
4 6 10 

PHc.2.Pacnpe.ll8JI9HH9 CHJibi .llBYXKBa3H\IaCTH\IHOR HeRTpOHHOR KOH~HrypaUHH 

~2f7/2,2g9/2i3_ B 
144Nd. 
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H€HThl HH3KOJI€X3~HX COCTO~HHa C TpeX~HOHHhlX KOMTIOH€HT, BKJl~qa~mMX 

npMMBCM .nHnoJibHoro pe3oHaHca .nn.1:1 nepexo.aoB c :3Hepruea, MeH:owe~ 

3HeprHM rHraHTCKOrO ,UHTIOJlbHOrO pe30H3HCa,no.naBJI€Hhl. 3Jl€Cb npOCTO 

peanuGyeTCH H3BeCTHhl~ MexaHHGM /9/ ocnadneHM~ M30BeKTOpHhlX El-nepe

xo.noB MeJJr.y M30CKaJI~pHbiMH KOJIJl€KTHBHbiMM COCTO,ijHHHMit. 

Hn~ nepexo.noB Ha ypoBeHb 41. B CTPYKType KoToporo donee 50Y. 

HopMHpoBKH ucqepnwaaeT He~TpOHHaH KOHWHrypaUHH ~2f7/2 ,2f7/2 }, peanM-

3yeTC.ff TOT :ate CaMhl~, t!TO H .llJl.ff ypOBH€~ 2+, MeXaHH3M. 

Ha pHC. 1 TIOKa3aHhl 3KCnepHM€HTaJibHbJ€ OTHOCl.fT8JlbHbl8 HHTeHCHBHOC

TH H paccqHTaHHwe HaMH BeJIHqMHhl BCEl). KaK BHJlHO H3 pHc. l,aKcnepH

MeHTaJibHhl€ H TeopeTMq€CKH€ B€JIHtiMHhl XOpOWO KOppeJIHpy~T MeJJ£.~ codo~. 

Cne.ayeT OTMeTHTb, t!TO aa BaEHy~ pOJib KOHWHrypaUHH ~2r7/2 .2g9/2} 

B 3aXB3THMX COCTOHHHHX YK33hlB3€T H aHaJIH3 3KCnepHM€HT3JlbHhlX Jl3HHhlX, 

BbiTIOJIH€HHblt:l: C BOJIHOBbiMM <l>YHKUH.!IMif B BH.U.€ pa3JIOJ:€HHH no _da3HCY MOJl€

JIH ''OCTOB ll1HJC KJI3CTep" /l Q/. flpH 3TOM K03¢qlHUHeHTbl pa3JIOJK8Hl1H S!Bn.71-

JIMCb TIOJlrOHOqHbiMH napaMeTpaMM npH OTIHCaHHH HHTeHCHBHOCTe~ El-rrepe

XO,JI,OB. 

TaKHM odpa3oM, aHOManbHOe ycHJieHHe El-nepexo.noB B 144Nd MoJ:eT 

dbiTb odl>HCHeHo CTPYKTYPHbiMH oco6eHHOCTJ=!MH pacna,!J)!biX Y1 KoHeqJ-Jb~X cocTo

HHHt:l:. 

ABTOpbi npH3HaTeJibHbl npo~. B.f.ConoBbeBy 3a none3Hoe odcyx.neHHe 

nony~eHHNX pe3ynbTaTOB. 
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PyKonHCb nocrynMAa B H3~arenncKM~ orgen 
8 ~eBparr• 1~8~ ro~a. 
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