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CnepxTexyqafi MO'A8Hb 8TOMHOro H'AP8 B H8CTOIDJ188 Bp8MH HBHH8T

CH O'AHOil H3 H8H6onee ynoTpe6nH8MblX nonyMHKpOCKOnHqecKRx MO'Aeneu. 

0Ha B03HHIQI8 B pesynbTaTe CHHT838 MO~Hb!X M8T8M8THqecKHX M8TO'AOB, 

pa3pa60T8HHblX B TeOpHH CHCTeM MHOrHX qacTHn H.H~EoronID60BID!/I/H 

~z.Eap'AHHlilM, A.Ky~epoM, ~E.llipHwwepoM/2/, H HOBblX WH3HqeCKHX H'Aeil, 

K8C8ID~HXCH 8WW8KTHBHOrO OCT8TOqHOrO B38HMO'A8HCTBHH HyKnOHOB BM

pe. Ha cy~eCTB8HHYID ponb cnepxTexyqHX awweKTOB B WOPMHPOB8Hlili 

CTPYKTypu fl'A8PHOH MaTepHH yxasan H.H.EoronID6onl31,npHM8HHTenbHO 

K xoaeqHLl!,I MP8M STOT nonpoc o6cyE'A81110.Bop,E.MoTT8HbCOH, 

~.rraaac/4/. HHT8HCHBHOH paspa60TK8 MO'A8HH nonOEHHH Haqano pa6o

TU CononbeBa B.r./5/ H Benaena c.T./6/. 
licnonb3YH ~OPM8HH3U CBepxTeKyqeff MO'A8HH aTOMHOro MP8,Y'A8H0Cb 

o6~HCHHTb orpOMHOe qHcno axcnepHM8HT8HbHUX ~aKTOB.K HHM,B qacT

HOCTH,OTHOCHTCH: ~enb B aaepreTHqecKOM cneKTpe qerao-qeTHUX aTOM

HUX fl'A8P, MOM8HTU HHepnHH 'A8~0pMHPOB8HHWC ll'A8P, npHpo~a BH6pa

nHOHHWC COCTOHHHil n qerao~qeTHWC Mpax/7/. HcTOpHqecKH CHOEHHOCb 

T8K, qro MO'A8Hb 6una C03'A8Ha H npHM8Hll1I8Cb HCKnIDqHT8HbHO 'AHH OilH

caHHH HH3Kone~~eil qacTH cneKTpa ll'A8PHblX B036YEA8HHH. Bucoxoneza

~aH qacTb fl'A8PHOro cneKTpa OilHCHBanacb,K8K npaBHno, B paMKax CT8-

THCTHqecKOH MO'A8HH aTOWIOro fl'Apal81. Ilocne'AHHH 'AOCTHrna oco6ea-

HO 3HaqHT8HbHWC ycnexon B o6~HCH8HHH M8PHblX CBOHCTB npH 6onbmHX 

aaeprHHX B036YE'A8HHH nocne Toro, KaK Y'A8HOCb yqecTb BHHHHHe napno

ro B381WOA8HCTBHH CBepxTexyqero' THna/9/. B nocne'AHee npeMH IlOHBH

nli!Cb pa6ori/10/ ,B KOTOpUX annapaT cnepXTeKyqeil MO'A8HH npHM8Hll1ICH 

''AnH OllHC8HHH COCTOHHHH npoueayroqnux H 6onbWRX aneprHil BOa6yl!t,iteHHH. 
~ .\ 

Ha STOU nyTH yze nonyqex PM HHTepeCHWC pesynbT8TOB: npOB8A8H8 , 

oneHK8 B8HHtiHHU MarHHTHWC MOU8HTOB BHCOKOB036yEAeHHUX COCTOHHHil, 

06~HCH8HO (683 o6pa~eHHH K OllTHqecKOR UO'A8HH) Il0B8'A8HH8 ~ -CHHO-
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BOli qiyHKUHll HeliTpOHa B 3aBl'lCIWOCTH OT MaCCOBoro ql'!CJia A, npons
Be,lleHu pacqeThl IlJIOTHOCTH BblCOKOB030Yl!QteHHmCCOC~OllHHli MHOrHX 
imep l'l .n;pynrn. 

HacTOfl!llaH ,lll'!CcepTaD;l'lH IlOCBlIIIleHa Oill'!CaHl'llO CTPYKTypu cqiepl'!qecKHX 

H,llep B paMK8X CBepXTeKyqeii MO,ll8Jil'l. liccJie,llOBaHO BJil'lllHl'le B3aHMO,llelicT

Bl'lH KBasnqacTHD; C qiOHOHaMH Ha CTPYKTYPY HeKOTOPUX COCTOllHHli qeTHO

qeTHUX cqiepnqecKHX H,llep (rnaBa TI). CqiopMymtpoBaHa MO,lleJib n nonyqe

Hhl OCHOBHble ee ypaBHeHHH ,llJIH onnc~HHH COCTOHHHli npoMelltyToqHoli SHep

rnn BOSOyllt,lleHHH H BhlCOKOB036yllt,lleHHUX COCTOHHHli HeqeTHUX cqiepn

qecKl'!X H,llep (rJiaBa ill). B rJiaBe IY Ha OCHOBe aHaJIH3a ypaBHeHHli 

rnaBhl ill npe,llJIOllteH cnoco6 BmHCJieHHH IlJIOTHOCTH BOSOYllt,lleHHUX COCTOH

Hllli, npoBe,lleHhl pacqeTu IlJIOTHOCTH COCTOHHllli B 90 cqiepnqecKHX H,llpax, 

nsyqeHa saBHCHMOCTb ee OT SHeprnn BOSOYllt,lleHHH, cnnHa H qeTHOCTll 

COCTOHHHli, a TalOlte HeKOTOpue ,llpyrne BOnpocu. 

B nepBOli rJiaBe ,lllrncepTaD;HH KpaTKO HSJIO,llteHhl qinsnqecKne 

H MaTeMaTnqecKne npHOJIHllteHHH, COCTaBJIHIDll!He OCHOBY CBepxTeKyqeli 

MO,llem1 ( § I )17 I, n nccJie,llOBaHci ~ noBe,lleHne KOHcTaHT ocTaToqm,1x: Bsan

MO,llelicTBHli B c~epnqecKHX impax (§ 2)/II,I21.KaK.l'l3BeCTHO,B paM:itaX 

CBepxTeKyqeli MO,lleJin raMHJlbTOHHaH cqiepnqecKoro H,llpa sanncUBaeTCH 

B BH,lle: 
H = fisp. + f!pai• + l-lcoec 

3,lleCb H,p - caMocornacoBaHHblli H,llepmill no:reHn;HaJI (Mhl HCilOJib30BaJIH 

IlOTeHn;HaJI By,llca-CaKCOHa); l?aiz- KOpOTKO,lleiiCTBYIOll!aH qacu O~Ta

TQqHwc H,llepHUX CHJI, npHBO,lllIIIlaH K napHUM KOppeJIHD;l'lHM CBepxnpOBO,llfl

ll!ero Tlma; flccei! - ,llaJibHO,lleliCTBYIOIIlafl qacu OCTaTOqHUX H,llepHUX CHJI 

(Mhl BhlOl'lpaJIH ee B lll'l,lle cyMMhl KBa,llpyIJOJib-KBa,llpynoJibHOrO H OKTYilOJib

OKTynoJibHOro BSaHMO,lleliCTBHli). KOHCTaHTU noTeHn;HaJia BhlOHpaJIHCb 

HaMl'l B COOTBeTCTBHH C paooTaMn/13/, BennqnHa KOHCTaHT OCTaToqHUX 

· B3aHMO,llelicTBl'lli llCCJie,llOBaJiaCb B §.2. Ilpn _STOY nonyqeHo,qTo KOHCTaH

TU napHoro CBepxTeKyqero BSaHMO,lleliCTBllfl 6;., H 6j, (,llJIH HeliTpOHOB H 

npOTOHOB COOTBeTCTBeHHO) B cpe,llHeM xopomo CJie,llylOT saxony ¼ • 

4 

PaccqnTaHHue·c STHMH KOHCTaHTaMH BeJinqHHU KOppeJIHD;HOHHOH qiyHKD;HH 

n XHMnqecKoro noTeHn;nana xopomo cornacyroTca c pesynbTaTaun npe,llu

,llyll!HX pa6oT H npaKTnqecKH He saBHCHT OT BUOpaHHOro oopesaHHH O,ll

HOqacTHqHoro cneKTpa. B TO lite BpeMH ,llllfl KOHCTaHT KBa,llpynoJib-KBa,ll

pyKOJlbHOro ( <F,) H OKTynOJib-OKTYil01lbHOrO (.ie.) B3al'lJJO,llelicTBHii B cqiepn

qecKHX H,llpax nnoxo BUil011Hfl8TCfl oouqHQ HCil0Jlb3jl[llllaflCH saBHCl!MOCTb 
-~ 

;:e), ~ A.~ .Han60JibWHe OTK1IOHeHHfl OT STOli 38lll!Cl'lMOCTl'l:l!a6JIJO,ll8IO'rCH 

,llJIH non311arl'lqecKWC H,llep l'l 0111'!3KHX K HHM. IlOl.,!HMO STOrO SHeprHl'l 

nepBUX 2+ H 3- ypOBHeli oqeHb qyBCTBl'!TeJibHll K l'l3MeHeHHHM KOHCT8HT, 

T.K. CHJlbHO onyll!eHU OTHOCHT811bHO SHeprHl'l HH~alimero ,llBYXKB83Hqac~ 

THqHOrO COCTOHHHH C Tell lite MOMeHTOM l'l qeTHOCTblOe 8TO yKa3UB86T ll8 . - '.,. 

H800XO)lID40CTD y11yqmemrn Kll831'!0030HHOrO npn6m1llteHHH. 0,llHaKO Bemi-

qnnu 8(E2, °J+.. -,2:) H 8 (E3, g:->3:), paccqwraHHlle C Il0,ll06paHHUMl'l 

no SKcnepnMeHTY ~.. H x_; , xopowo cornacyroTcfl c ~lKcnepnueHTaJib

HUMH ,llaHHUMH, npaBHJlbHO nepe,llaBafl He T01lbKO l'!X a6C01110THYIO Bem'l

qnHy, .HO l'l xapaKTep lDC l!3MeHeHHH B SaBl'lCl'lMOCTH OT A • 
rnaBa TI IlOCBlIIIleHa 'HCCJie,llOBaHHIO BSal'lMO,llelicTBHH B!16pan;HOHHUX 

H ,llBYXKBa31'!qacTITTIHHX B036yllt,lleHHli. B qeTHo-qeTHUX cqiepnqeCKl'lX fi,ll

pax/14,16/. B § I ,llaHo MaKCHMaJibHO KpaTKOe· H3JIOllteHHe MeTO,lla 0030H

HOro npe.n;cTaBJieHHfl nap qiepMl'lOHHUX onepaTopoB/I?/. B § 2, l'lCilOJib3YH 

STOT M8TO,ll, a TBKllte BapHaD;HOHHhlli npnm:inn I Mil nonyqHJil'l ypaBHemrn 

,llllfl SHeprnli H KOScW/HD;HeHTOB :B :BOJIHOBUX qiyHKD;l'IHX HeKOTOpb!X COCTOllHl'lil 

cwepnqeCKl'lX qeTHO-qeTHUX H,llep/14/. Ilpl'l STOM B raYl'lllbTOHl'laHe yql'!Til~ 

BaJIHCb aHrapuoHHqecKHe qneHu He Bume TpeTbero nopH,llKa no·qHcny 
<Ji 

qiOHOHOB • _BOJIHOBafl qiyHKD;lUl COCTOHHl1il C ✓ ~Q~ ,2+ ,3- pa3hlCKl'!BaJiacb .. . . 

B B11,ll8: · •- .. · /. ,,_,,; /. . /. 
. '!/,(.TM}= / ,E R~\1JA(ii,UM) + L rS:S,,p·.)<l,;tl,/2fa/JN>A{s,s,Lff,)fZ'.1"'•1t;) 

✓i,l.i _.,,~ ./. .,L j ,,. E P...,:. {J;) < Jyt, ..1.1/"', tut>&,,,-/'-.:, a)y-, 4 10::;,1, 10111 
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B qiopMylle (I) 
f • \' · I 1·· 

A<s:s,.L'.0,) = L <s,1n,s,.~/Lf!,>ds.,.,,ds,,,,, 
' ~- . . 
.f ✓ \ ,i,,;. I ;,,,,.,, ).,,; 

Q_.,/',i, = 2 L; ~s, A(s.s,).,)',)- {--f} ~.s. A{s,s,),,-,,.,,,) 
. ~~ . 

B CBOIO O'lepeAI>: 
f . . • 

ofs,,,,,, ~,.,, -: orrepaTopu polltAemm n yHll'lTOllteHmt Klla3H'!acTHUN Ha 

YPOllHe cpeAHero rromt C KllaHTOllllMl'I 'lHCllaMl'I ~ frl, 
I 

()}.jti, ,:Qy,, - orrepaTOPll pOlKAemrn ll YHH'lTOJKemrn qJOHOHa C MOMeHTOM 

H rrpoeltl.lHei1 AJ< , i - HOMep 1topH.11 ll ce1tyll.11pHOM 

ypanneH~l'I All.II 8Heprm1 qJOHOHa ( .A =2 ,3 )'. 

<;;m,;;1r1, /JH) - KO8qig)l'l~HeHT Klle6ma-ropAOHa • 

Ce1tyll.11pHoe ypaBHeHl'Je All.II 8HeprHH {£ ) COCTO.IIHH.11 (I) IIOllY-
f¥ 

'!eHO ClleAYIOil!ee: 

det /< E. f E,} J:. ., cL, - I(( d,; /:),1 / :: 0 
d' if,' ;tV, P'it'., if, ,j, 'I . (2) 

,,\,t-: ,A,~ 

I(( t t) = t . IL 1.J,s.,_ (,A;d) lt.s.J.<1/J} 1-

1, /. 2(ff cf,;p/)jl} s, .,~ ~, r ls,. r 4.1,i., - Z,rv 
. .( ... ,,, 

).,,~ . l TA,t, j 
+ > ~., (/,;d) u,.,,; (,A1~J) 

~- ~.,l.,J;~ -1- (JJz 1'... - i.,-., 
·~~~~ . 

(3) 

A,£, 

Us,S1.L· ll · u/::; rrpeACTallllHIOT co6oli HeKOTopue cywm IIPOH3ll8;ll8HHll 

!f; ?/-. H M8TPH'IHWC aneMeHTOll MYlll>THIIOllI,HOro.orrepaTopa. 

1· ·- BHeprl'J.11 OAHOKlla3H'l8CTH~HOro COCTO.IIHH.11 ./"' ,. l..-?,..:. - SHep

rH.11 qJOHOHa C KllaHTOllWll 'lHCllaMH ),.µ i • HeAH8rOH811I,HNe 8ll8M8HTN 

/\ ll (2) Mano lll!H.IIIOT Ha ll8ll~11llHY 1n ' HO 06ecrre1rnll81l!r npBllHllI,

HOe pacnpeAelleHHe 1toaqiqiHUHeHTOll R,·P,S' no llOllHOBIDI qiyHKUHHM coc

TORHHil, .llllll.lllOil!HXC.11 pemeHH.IIMH (2). B H8KOTOpllX .flApaX 8TIDilH H8)lHaro-

~ 

.,, 

Halll,HWH aneKeHT8MH MOllHO npeHe6peqI, - TOr;lla pemeHHe (2) CH~I,HO 

ynpo1lla8TO.ll.·B T8KOM npH6nHl!t8HHH 6N11H paoc'!HT8Hll 8HeprHH H llO11HO

llll8 41yHKIU'IH 4+ H 5- oooTO.IIHHll B H3OTonax Sn , a TaKl!te 4+, 5-

H 6+ OOCTO.IIHHi1 B H3OTOHaX .N =82/151161. 06oyllt;lleHHIO peayn:r.TaTOll 

BTHX pao'!eToB rrooBHil!eH § 3. 01taaanoo1,, '!TO B Sn oTpyKTypa 

BOnHOBWC 41YHKUHtt·4t YPOBHell Ol!Ol!tHaH. IlpHOYTCTByeT 38M8THllil Bitna;ll 

K8K .l!BYXKBa3H'laOTH'IHWC,T8K H ;llBYX4)OHOHHWC KOMllOHeHT. COCTO.IIHH.11 

5- 1' H3OTorrax Sn B OOHOBHOM .l!BYXKBaaH11aoTH'!HNe. CornaoHe BKo

nepHMeHTan:r,Hwc H TeopeTH116CKHX 3H8'18HHll 8HeprHll 4+ H 5- YPOBHell 

xopomee. B H3OTOH8X C 11HC11OM HellTpOHOB N =82 IIPHM8CH KO11118KfHll

HllX KOMIIOHeHT B CTPYKType H3Y118llfilHXO.II COCTO.IIHHi1 KeH:r,me, '18M ll 

Sn • B Ka'!ecTBe npID1epa MU npHllO.llHM ll Ta6nHne I qacT:r. peayn:r,-
<34 

TBTOll, OTHOO.lllllHXC.11 K 4+ ypOllH.IIM B 8THX HAPBX. Ton:r.KO ll Te ' 
136 M 

Xe H Gd ll llOllHOBott 4/YHKUHH 4t cooTO.IIHHH npueo:r, ;llllYX4/OHOHHOll 

KOMIIOH8HTU ;llOOTHraeT 20-30%. B )lpyrHX JKe H]tpax OHa 3HaqHT81II,HO 
"" ,,,.. "'1 ll 

KeH:r.me. B peayn:r.TaTe B lt;llpax Ext.Ce, Nd npoHcxo;llHT cHn:r.Hoe 

yMeH:r.meHHe BepOHTHOCTH E2-nepeXO;ll8 . 4t- 2f • HeCMOTPR Ha 8TO I 

HamH 3HaqeHHH B{E2) OK83UB8llTCH Bume 8KCnepHM6HT81II,HhllC. CTpyxTy

pa COOTO.IIHHil 5-·H 6+ CO.itep:&HT H83HaqHTen:r.HyIO npHK8Oh .l!BYX4)OHOHHOll 

H 6onee Cl!OlUlhlX K0Kll0H8Hf, - ;llll.11 HHX R' "0.9 • 

B TpeTl>eA rllalle cl}opKyllHPOll8Ha MO;ll611I, .llll.11 OIIHC8HHR OOCTO.11-

HHtt C npoKesyToqHott SHeprHeil BOS6yllt;lleHHR H OOOTO.IIHHA BUCOKOBO3-

6yEJteHHWC ll HeqeTBUX cl}epnecxHX lt;llpax/IB/. Ilony11eHu ocHOBHLle 

ypaBHeHH.11 MO;llenu. T.x. BOllHOBSR IYHKUH.11 oocTO.IIHHfl: c 6O111,mott aHep

I'Jllett BOa~yQeHH.11 co.itepmtT aHa11HTen:r.Hoe '!Hcno MHoroKBaaH11aoTH11Hux 
"~--~~ . 

KOKllOB8Hf, KH ;llOllllHU yqeoT:r, 3TOT 4)8KT IIPH llOOTpoeHHH KO;ll81II,HOA 

llOllHOBOll 4/YHKUHH. Ilpe~21araeTO.II 38IIHOl:IB8TI, KHOrOKll88H118OTH11HYll 

KOJlllOH8HTy BOllHOBOA lPYHKUHH KBK imorOq)OBOHHYJ), HCXO;llfl: HS aaueHu 
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;itByXKBaaHqacTHqHoro COCTOHHHH C MOM8HTOM A Ha ~OHOH C MOM8HTOM 

), • nna STOrO B raMHHLTOHHaH CBepXTeKyqeH MO~enH ipOpManLHO 

BBO~HTCH HOBU8 CHHU - uynLTHllOnL-MynLTHnonLHU8 (c uynLTHnonL

HOCTLD 6onLme 3) H CllHH-MynLTHnonL-CllHH-MynLTHnonLHU8. 06cyx~e

HHD SToro BOnpoca H ll0CBHII!8H § I. B § 2 ~nH nonHOBOil ~yHK~HH . . 
BUCOKOB036y:at14eHHOrO COCTOHHHH HeqeTHoro c~epHqeCKOrO H~pa, B3HTOtt 

B BH~e: 

")/(, /7:r/c(/. r Ai ./ I 
'I'{J M} = L.., ,H + L.. .D, (.T.,} <). /' /1>7 /TH> c~;:,., 6\;a· + 

I 
> ).,i,A,t~ . . + f I 

+ L 1:z~ (.r.,} < Ay', 1/• /I,11,><L M,jm/JM>°fJ,., q,,,,., 0y.,~ + (4) 

} ,l,i,-1.,~ -1,,~ 1 tl a.1 
+ L._, /<. (.Tr) <,lj" A,i.JI, /I,ll,><I;M,,l.sj',/I,,M,)(I,H./m/JH>c(;,.. ~y"',.; ~j',,/' 

;r,r, /. } 
X Q . 

).~f',t5 !A, 
C llOIIO~LD BapHa~HOHHOro npHH~Hna nonyqeHa CHCT8118 H8HHHe~HliX 

J.,i,A.z.h 

ypaBH8HHtt, CBH3UB8DIIU1X KOS~~H8HTU /:;r (.T,} H sHeprHID COCTOH-

HHB ~ • IlpH nonyqeHHH JpaBH8HHtt MU npeHe6peraxH aHrapMOHHqec-
l,r, 

KHIIH a~~eKTallH B OllHCaHHH ~HOHOB. HayqeH T8Kllt8 6onee npOCTOli 

cnyqaff, KOr~a B BOHHOBOil ~YH~HH (4) OCTannHDT KOMllOH8HTU c qnc

no11 ~OHOHOB He 6onee .lUIYX• Ilpone'AeH aaanna HeKoTopwc cnoco6on 

pemeHHH nonyqeHHUX ypaBHeHHtt. 

qeTnepTaH rnaBa ~HccepTanHH ll0CBHII!8Ha pacqeTy nnoTHOCTH 

B036y:at148HHHJC COCTOHHHa c~epHq8CKHX aTOMHWC ~e/19-211. B § I Ha 

ocHOBe aHanHaa ypaBHeHHff rnanu m npe~noxeH MeTO'A BWJHcneHHH nnoT

HOCTH B036yl!t;lteHHHlC COCTOHHHif c~epHqecKHX 8TOMHWC ~ep. BuqncnHTL 

nxoTHOCTL yponHett npH SHeprHH Boa6yz~eHHH if B HeqeTHWC ~pax 

11ouo ny;;M nepecqeTa B HHTep»ane sHeprHH ( t: J e" A€ ) qnc:na coc

TOHHHtt THna '1 , ~- r W,1.,: , f r t..?.., .,_ c..?.1· ,1· T -~ • C aa~aHHUMH 

MOll8HTOK H qeTHOCTLD. B qeTHo-qeTHWC ~pax nepecqHTUBaDTCH coc-
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TOHHHH THna w,., • {._),Ai f- (J,A;,, H T.;it. Ilpe;itnaraeuuil ueTo;it 

Il03BOJIHeT nplil.!O CBH38TJ, xapaKTepnCTUKH cpe;itHero llOnH ll OCT8TOtJ

H!,IX B38HMO;itellcTBHll C mioTHOCTJ,IQ B036y~eHHhlX COCTOHHUll., a cne;ito

BaTeJIJ,HO,n yqecT:r, pon:r, KOJIJleKTllBHhlX aiWieKTOB. 

B § 2 np08H8Jlll3HpOB8HO BJIHIIHHe Bapnaunn napaueTpOB·CBepxTe

Ityttell uo;itenn ll;ltpa Ha TeopeTntiecKyIO BennttnHy nnoTHOCTH cocTOIIHHll 

npn aHepr1m CBH3H HellTpoHa 1 8 T8Kllte pon:r, KOJIJleKTHBHWC COCTOHHHll 

B onncaHHH IlJIOTHOCTH H HeKOTOpue ;itpyrne BOnpocu. MeTO'A ll03BOJIHeT 

0IlHCUll8TJ, IlJIOTHOCTJ, YPOBHell C TOtJHOCTJ,IQ 'AO MHOlltHTeJIH 1,5+2, 38 

CtJeT HeTOtJHOro 3H8HHH napaMeTpOB noTeHunana By;itca-CaKCOH8 H KOH

CT8HT GN, &i. Pon:r, KonneKTHBHUX aqxpeKTOB anattuTen:r,Ha, oco6eHHO 

B ll;ltpax C A<lDD. Ilpn BUKJIIOtJeHHH KB8;itpynon:r,-Klla;itpynon:r,Horo HOK

Tynon:r,-oKTYilOJIJ,HOro OCT8TOtJHhlX B~8Hl!O;itei1CTBHti IlJIOTHOCTJ, COCTOHHHll 

npn aHeprnn CBH3H Het!Tpoaa B., yuem,maeTcH B 2+10 pas B paaHux 

ll;ltpax. 

§ 3 uenHKOM ·noCBHllleH cpaBHeHHIO. TeopeTntJeCKUX peayn:r,TaTOB 

n aKcnepnuewran:r,m,ix ;itaHHhlX o·'.nnoTHOCTH ll]tepH~ ypoBnen npn aHep

rnn CBH3H HeilTpOHa. IlpOBe;iteHu pacqeTll 'AJIH 90 cwepnqecKHX fl'Aep •. 

06~ee cornacne Teopnn n.aKcnepnueHTa y;itoBneTBOPHTen:r,noe. ~nH fl'AOP 

c A < 100 TeopeTHtJOCKHe peayJl:r,Ta Tll Jlyttme, qeu ;ltJIH H;!\ep 6onee Tll

llteJIUX. Teopna npaBHJIJ,HO nepe;itaeT B08p8CT8HHe nnQTHOCTH YPOBHett 

npn. ~ = B.... B tte!l.'HO-tJ8THUX wax no cpaBHeHlfJO C COCe'AffHl.!H HetJeT

HWiH. ~JIH 6onee llCHOrO_BUHBJleHHll aaBHCmlOCTH cpe;itHero p~CCTOHHHll 

MeJB:;ity ypoBHIIMH (..D ) . OT uaccoBoro tJHcna npoBe;iteH pacqeT .1J · ;itllll 
T 1-··· . . ' 

COCTOllHHll c •' J=./( f!PH . c = 6,5 Mall no, Hameuy ueTo;ity ;ltJlll _HeKOTopwc 

cwepnqecma H ;iteWOPMHPOBBHHUX: H,?tep 1'18 06l!BCTH 140 <;_A < 210 • . 

8TH peaynDTaT~ cpaBHHBaDTcH c peaynnaTa11n nepecqeTa no wopuyna11 

CTBTHCTHtJe~x,on ~o;itel!H K £ =6,5 M5B' 5RCD8~HlleHTaJl~~HX ;ltBHHUX npH 

1µ 

1 
-~ 

- - ) 

l 

5Heprnn CBll8H HellTpOHa. CpaBHeHne IlOK83Ull8eT xopomee KatJeCTBeH

HOe cornaClie ~0'A!!.8KO ROJIHYBOf:B8HHOe COBil8;iteHne peayn:r,TaTOB H86JIIO

'A8eTCH TOJIJ,KO B ll;ltpax ;itewOJJMHPOBaHHhlX. 

B § 4 nayqaeTCll aaBHCHMOCTJ, IlJIOTHOCTH COCTOHHHll OT 8Heprnn .. 

Boa6yJB:;iteHHH c n wnyKTyaunn nnoTHOCTu. Ha pnc. l uu npnBenn B 

norapnwuntteCKOM uacmTa6e rncTOrpaMMY tJHCll8 COCTOHHHli 1;2+ Ha ~IH

TepBaJle 100 K5B npn aHeprHHX B086yJB:;iteHHH OT 3 AO 7 Mall B H;itpe 
{¥3 .. 

Nd. EerKo BH;iteT:r,, tJTO WJ!YKTyaunn nnoTHOCTH coxpaHHJOT aaueTHy10 

BeJIHtJHHY H npn aHeprHH CBH3H HellTpOHa. AHanorHtJHOe HBJleHHe HBClJIIO

'AaeTCH B ll;ltpax c A=50+7D, r;ite IlJIOTHOCTJ, COCTOHHHll TaKJKe Mana. B 

H;itpax C CHZIJ,HO KOJIJleKTHB~8HpOB8HHUMH 2; H 3;- COCTOHHHHMH npn TeX 

xe aHeprnax Boa6yJB:;itehnn nnoTHOcT:r, ypoBHell 6on:r,me, a wnyKTyaunn 

ee MeH:r,me. STO no;itTBepllt,!taeTCH, B ,tJ8CTHOCTH, pnc. 2, r;ite rncTorpau

Ma tJHCJIB ypOBHell 1;2+ Ha', HHTepBane 100 Kall nocTpoeHa ;!tJIH H;itpa 
f,l3 

Te • Ha aTOM lite pncyHKe H806paxeHa npHMaH, KOTOpaH nOK88Ull8eT 

pOCT llJIOTHOCTH, CJIB'AYD~na H8 CTBTHCTHtJ8CKOll MO;itenn. IlapaueTpll 

npHMOll no;it6Hpannc:r, no aKcnepnueHT8JIJ,HOll IlJIOTHOCTH COCTOHHHll 1;2+ 
l.l3 

npn B,, B ll]tpe 7e • SaBHCHMOCTH IlJIOTHOCTH ypOBHen OT e, ,npe;it-

CKaBUBaeuue CT8THCTHtJeCKOll MO;iten:r,10 H HamHMH pactJeTaMH, B uenou 
cornacy10TcH ;itpyr c ;itpyrou. 

B § 5 HCCJle;ityeTCll 8BBHCHMOCTJ, nnOTHOCTH YPOBHen OT HX CilHHB 

H. tJ8THOcTii~ IlpOB8lt8HHlle 8lt8CJ, pactJeTll YKB8UBBIOT Ha cnn:r,HyIO 8BBH-. . 

CHMOCTJ, nnoTHOCTH COCTOHHHll OT HX tJeTHOCTH (pnc. 3 n 4). HanpHMep, 
s~ 

:e smpe l'e p{J'1 / f (/):f.;.S. IlO-BH;ltllllOMY, npeo6naitaHHe B cneKTpe 

BllCOKHX B086yllt,lt8HHi1 H8tJeTHOrO CW8PHtlOCKOro fl'APB COCTOHHHll C Oll

pe;it8ll8HHO_!· qe~HOCTJ,D Cllll3~HO C qeTHOCUD O'AffOtJBCTHtJHhlX YPOBH8il 

(B 'ABHHOII cnyqae B8tiTpOHHUX)B6JIH8H noBepXHOCTH ~epun, T.K. B ,n 
Te p(J+}>p(.r") • B tJ8THO-tJ8THWC H,?tpax p(J'? > f (J"'} , uo cne-

5.t IZi' 

;ityeT HS peayn:r,Ta!l?OB pactJeTOB B Fe H Je • KpoKe Toro,. H8 cpaB-
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PHc. 3. 
3aJiHCHl40CU, UJIOT.BOCH COC!'OflHlrtl p npH c' = B,, OT CUB.Ba 1 

s~ 
B B,ltpe Fe • CnJIOIIIH8H JIIHHS - COC!'OSHHS llOlIOEHeJII,HOI 
qefHOCTH, m!pBXOB8H lIHHHH - COCTOHHU O!'pH~a!'eJil>HOI 
qef.BOC!H. 
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O.J 
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,,,,,,0-_..o-- ....... ,, 

✓ - ....... 
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✓/ '-. ll=·f ,r' 
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Plrtc. 4. 
3aBHCHJIOCU lllIO!'HOCH COC!'OSHBI p np1 ~ = 8,. O!' cnna :r 

II 
B K,?tpe f'e • CnJiomuas lI!r!HlrtH - COCTOSHlrtJl llO:llOEHenaol qn-
BOC!lrt, m!'pllXOBaH lllrtHBJl - COCTOSHBH O!'pl~S!'elll>HOI qe!'BOCTB. 

14 

HeHHH KPRBWC pcr"J B pa3HWC B,ltpax CJie~yeT, qTo C POCTOM Mac

COBoro qncJia A paaHH~a B UJIOTHOCTHX COCTOHHHM C paaHoll qeTHOCTI,ID. 

yueHbmaeTCH. BTopim: B8lKHUM peayJibT8TOM, noJiyqeHHbIM B H8CTOHll(e¥ 

naparpa~e, llBJIII6TCH cy111ecTBOB8HHe M8KC!Wyua y KPHBOH P (:r') • B 

HeqeTHWC impax M8KCHMYM ~OCTHraeTCH npn J =5/2¼9/2, B qeTHO-qeT-
.. . .. 

HWC npH J =3-t5. no cpaBHeHHID c KPHBOH I? (:r ) , noJiyqaro111enc11 B 

pauKaX CT8THCTHqecKOll MO'AeJIH, Hamn peayJII,TaTH llOK83!,iB8IDT ueuee 

HpKO BHP8lK6HHHll M8KCHMYM y 3TOll ~YHK~HH H 60JibmHll BKJI8'A COCTOH

HHlil C J~ %. 
0CHOBHli6 peayJibT8Tli, H3JIOlK6HHlie B 'AHCcepTa~HH, ony6JIHKOB8Hli 

B_ pa6oTax/II,I2 , 14 ,I5,I9-=-2I/ n 'AOKJI8'AliB8JIHCh Ha m elKero'AU□M 
COBelllaHHH no B,ltepHOli! cneKTPOCKOUHH H CTPYKType H,7tpa, XIII cone

lll8HHH no fl,ltepHoll cneKTPOCKOUHH H ,TeOpHH fl,ltpa, a T8Kllte. Ha YI nerHen 

illKOJie no fl,ltepHolil ~H3HKe B MHKOJiallKaX {IIOJII,1118' 1973 r.). 
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