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1. B B e n e a H e 

AHanHs BepoHTHOCTeA 6eTa-pacrraaa Ha pasnH~Hbie ypoBHH ao~epHero 

HUPa - oaHa H3 OCHOBHbiX saaa~ 9KCITepHMeHTanbHOA HaepHOA CITeKTPOCKO

ITHH, Ms cKopocTH orrpeaeneHaoro rrepexoaa Ha oTaenbHhiA ypoBeHb ~acTo 

MO*HO aenaTb 38KniD~eHHH He TOnbKO 0 KBaHTOBbiX xapaKTepHCTHK8X aaHHO

ro ypOBHH, HO TBK*e H 0 BHyTpeHHe~ CTpyKType COCTOHHHH Hapa, 3TO OC0-

6eHHO BepHo anH pasperneHHbiX rrepexoaoB, TaK KaK B aToM cny~ae sarrpeTbi, 

CBH38HHbie C BHyTpeHHeA CTpyKTypoA I CK83biB8IDTCH HBH6onee CHnbHO, M3BeCT

HO, HaiTpHMep, ~TO T8KHM o6pa30M MO*HO HaeHTH<f>HUHpOB8Tb aByX- H Tpex

~8CTH~Hbie ypOBHH B CHnbHOae<f>opMHpOB8HHbiX Hapax, eCnH rrepexoa Ha HHX 

HBnHeTcH pasperneHHhiM, He saaep*aHHbiM, 

B KpyrnhiX Hapax CHTyaUHH CnO*Hee H3-38 CHnbHOrO CMelliHBaHHH KOH

<f>HrypauHA, Ho TeM He MeHee aTHM rrpHHUHITOM Mo*Ho rronbsoBaTbCH anH H3Y

~eHHH CTpyKTypbl OTaenbHblX ypoBHeA, KOTOpbie B0 36y>KLialOTCSI rrpH 6eTa

pacrraae, 

KaK HsBeCTHo, HMeeTcH aBa THrra pasperneHHhiX 6eTa- rrepexoaos c pas

nH~HbiMH rrpaBHn8MH OT6opa: 
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THII <t>epMH f1 J = 0, "I"r=+1~ 

THrr faMoBa-Tennepa 6. J = 0,1 " 1 "r = + 1, HeT nepexonoB 

0 -+ 0. 0pH pacrrane rrepBOf'O THII8 C IIHHbl aneKTpOH8 H Hel!TpHHO 8HTHII8-

pannenhHhi, rrpH pacrrane BToporo - rrapannenh,Hbi. B o6oHx crny'laHx nerrTOHbi 

He YHOCHT op6HT8nhHbl~ MOMeH'fo 

MoJKHO rrpencTaBHTh ce6e, 'ITO oTnenhHbii! HyKnoH B Hnpe, rrpeTeprreBa-

JOUIHI! paspeweHHbii! 6eTa-pacrran, He H3MeHHeT cBoel! op6HTbi, rrpH'le M npH 

pacrrane THrra <t>epMH He MeHHeTcH H HanpaBneHHe crrHHa. OpH pacnane THrra 

faMOBa-Tennepa H8IIpaBneHHe CllHH8 HyKnOH8 OTHOCHTenhHO Op6HTbl MeHH-

eTCH. 3TO rrpencT8BneHHe, KOHe'IHO, KpafiHe yrrpoUieHHOe, llOTOMy 'ITO HHK8-

KHe o c TaTo'IHhie B38HMoneficTBHH MeJKny HyKnoHaMH B Hnpe He y'IHTbiBaroTcH, 

OllH8KO OHO ITOMOraeT H8M K8'leCTBeHHO ITOHHTh llOITOnHHTenhHbie rrpa BHna OT6o-

pa, KOTOpb!e MOf'YT BnHHTh H8 paspellleHHbie rrepeXOilbl H HBnHJOTCH IIpH'IHHOfi 

HX sanepJKKH. 

2. JlepeXO£(bf THJI8 C/JepMH 

B rrpocTofi o6ono'!e'IHOfi MonenH 6eTa-rr e pexonoM THrra <t>epMH CBH3bi-

B8JOTCH COCTOHHHH, pa3nH'IHe MeJKilY KOTOpb!MH COCTOHT TOnhKO B TOM, 'ITO 

OllHH IIpOTOH 38MeHHeTCH OllHHM HefiTpOHOM H8 T8KOfi JKe Op6HTe HnH H8060pOT0 

T.e. o6a COCTOHHHH HMeJOT OllHH8KOBblfi H30TOITH'leCKHI! CITHHo 3TO ITpHBOilHT K 

norronHHTenhHoMy npaBHny oT6opa 

6.T =0. 

BbmonHHTh aTo npaBHno ynaeTcH TonhKo B 
+ 

~ -rrepexonax MeJKny sep-

K8nhHblMH Hllp8MH ( T = - 1 I 2 -+ T = + 1 I 2, 
z z 

T = 112), lleficTBHTenhHO, 

+ 
~ -rrepeXOilbl MeJKily 3epKanhHb!MH Hllp8MH HBnHJOTCH "CBepxpa3pellleHHblMHw 
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(fog ft .. 3,5), T.e. CKOpOCTb 3THX rrepexO!IOB 6nH3Ka K CKOpOCTH1 0)1{H/la9MOH 

anH pacrraaa cao6oaaoro HyKnoaa. B apyrHx 6eTa-pacrraaax Me)I<Jly HH3Kone-

JKamHMH ypOBHHMli COC9!1HHX H!lep BCeraa H3M9HH9TCH H30TOIIH'I9CKHH CIIHH, 

TaK KaK anH aTHx cocToHHHt!: I T I= IT I H 11 T = +1. 
z z -

B THJK9nhiX H!lpaX H30TOIIH'I9CKHH CIIHH HBnHeTCH !IOBOnbHO XOpOmHM 

KBaP.TOBb!M 'iHCnOM 0 Il03TOMy MaTpH'IHbie sn e MeHTb! cpepMH9BCKOI'O THIIa 0 6b!'l-

HO O'ieHb Manbi H HX BKnaa B pasp eUJeHHb!9 rrepeXOilbl THIIa 11 J = 0, 11 T= :!:_1, 

( HO HeT 0 _. 0 COCTaBnHeT TOnbKO HeCKOnbKO IIpOU9HTOB (aaanH3 8K CIIepH-

Ill 
M9HTanbHhiX aaHHbiX CMo B pa6oTe ) • HecMOTpH Ha TO, 'ITO IIpH aHanH39 

pa3p9lli9HHh!X rrepeXOilOB 06b!'IHO MO)I{HO rrpeHe6pe'lb BKnallOM cpepMH9BCKHX 

MaTpH'IHh!X aneMeHTOB, HHTepeCHO IIp9/lCTaBHTb ce6e, KaKHM !IOn)KHO 6b!Tb 

COCTOHHHe, Ha KOTOpoe cjJepMH9BCKHt!: rrepeXOil 6bin 6b! paapellleH. Bo3bM9M 

{3- -paCII81l THJKenoro Hapa. TaK K8K H9t!:TpOHH8H CHCT9M8 38IIOnH9H8 !10 

6onee BhiCOKoneJKamHx ypoBHet!: cpeaaero rronH, qeM rrpoToHHaH, To <l>epMH-

rrepeXOil OllHOrO H9t!:TpOH8 B COOTB9TCTByiDmHt!: IIpOTOH Ha IIyCTOH ypoBeHb 

rrpOTOHHOH CHCT9Mbl C 0/lHHaKOBb!MH KBaHTOBb!MH 'IHCnaMH IIpHBO!IHT K o6pa3o-

BaHHIO llblpO'IHO-'IaCTH'iHOI'O COCTOHHHH. EcnH He Y'IHThiBaTb H3MeHeHHH Kyno-. 
HOBCKOH 3HeprHH IIpH o6pa30BaHHH llOIIOnHHTenbHOrO IIpOTOHa, TO 3Ta orrepa-

UHH He Tpe6yeT 3HeprHH 6naroaapH H938BHCHMOCTH HllepHb!X CHn OT BHil8 

HyKnoHoB. 3To crrpaaeanHBO anH nmoro aet!:Tpoaa, CH!IHmero aa ypoaae BhiUJe 

rpaHHUhi <l>epMH rrpoTOHHOI!: cHcTeMhi. MoJKHO rroaToMy rrpearronaraTb, 'ITO rrp!I 

paspeUJeHHOM rrepexoae TaKOI'O THIIa o6pasyeTCH H9K09 KonneKTHBH09 COCTOHHHe, 

IIOCTpoeHHOe H3 MHOJK9CTBa /lblpO'IHO-qacTH'IHbiX sneMeHTapHbiX B036YJKLleHHt!: / 2,3/, 

no CHX rrop Mbl rrpeae6peranH KynoHOBCKOH 3HeprHeti. Y'IE!!T ee IIpHBO!IHT K 

TOMy, 'ITO rpaHHUa <l>epMH IIpOTOHHOH CHCT9Mbl B HMe cpeLIHero IIOnH IIOLlHHMa-

eTCH IIpH6nH3HTenbHO LlO BbiCOTbl rpaHHUbl <l>epMH Het!:TpOHHOH CHCT9Mbi 0 a 

5 



BMeCTe C Heli IIOLlHHM8eTCSI H BBeLleHHOe TOnbKO 'iTO llblpO'iHO-'i8CTH'iHOe COC

TOSIHHe, TaKHM o6paaoM Mbi nony'laeM, 'ITO paaperueHHhiA <t>epMH-rrepexou 

HBnHeTCSI aaepreTH'ieCKH aanpemeHHbiM, 

KonneKTHBHOe COCTOSIHHe, KOTOpoe Mhl BBOLlHnH B Ka'ieCTBe KOHe'iHOrO 

COCTOSIHHSI LlnSI rHIIOTeTH'IeCKOrO 6eTa-rrepexoua, KaK pa3 cyrueCTByeT H B 

ueitCTBHTenbHOCTH, 3TO XOpOlliO H3BeCTHOe aaanoroaoe COCTOSIHHe OCHOBHOro 

COCTOSIHHSI HCXOLlHOrO HLlpa, KOTOpoe MO~HO B036yLlHTb 0 HaiipHMep, IIpH IIOMO

lliH ( p , n) - peaKUHH, OrrepaTop, . KOTOpbiA npeBparuaeT SILlPO B H306apHO

aaanoroBoe, rroxo)l\ aa orrepaTop paaperueaaoro pacrraua THrra <f>epMH ( fl,. T+ ). 

Mbl 3HaeM, 'iTO aaanorOBbie COCTOSIHHSI HMeJOT ManyJO lliHpHHy, a peanbHbiA 

6eTa-rrepexou rrpoHCXOLlHT aa uaneKHA oT aaanoroaoro cocTOSIHHSI ypoaeHb, 

Torua ~epMHeBCKHA MaTpH'iHhlA aneMeHT aToro nepexoua orrpeuenHeTCSI TOnb

KO 'XBOCTOM' (HnH BKnaLlOM ero B KOHe'iHOe COCTOSIHHe 6eTa-paCII8Ll8) aaa

noroaoro peaoaaaca. EnHaKo K rpaHHue <f>epMH aTOT 'xaocT' y~e Man. no

aToMy Mbi HMeeM ocaoBaHHe rronaraTb, 'iTO ace paaperueHHbie 6eTa-nepexo-

Llbl B TSI~enbiX SILlpax (Sa HCKnJO'ieHHeM 0 -. 0 - nepexouoe) SIBnSJ;JOTCSI 

IIO'iTH 'iHCTbiMH nepeXOLlaMH THIIa faMOB8-Tennepa, K paCCMOTpeHHIO KOTO

pb!X Mbi Terrepb rrepettueM, 

3. llepexoabr THIIB TaMoBa-Tennepa 

KaK y~e 6bmo cKaaaao, rrpH nepexoue THrra faMoBa-Tennepa HSMeHHeTcH 

aanpaeneaHe crrHHa HyKnoaa, coaepruaJOmero rrpeapameaHe, To ecTb B cxeMe 

j j - CBSI3H HyKnOH C j "" ft. 1/2 IIpeBparuaeTCSI B HyKnOH C j ,. f + 1/2 , 

OrrepaTop rrepexoua THrra faMoBa-Tennepa f u 

qneHbl CIIHH-op6HTanbHOrO Lly6neTa, 

6 

CBSI3biBaeT, T8KHM o6p830M 0 



B Rnpax cpenHero aeca qacTo acTpeqaeTcR CHTyauHR, Korna o6a qneHa 

onHoro crrHH-op6HTanbHoro ny6neTa pacrrono)l{eHhi 6nH3Ko K rpaHHUaM <t>epMH: 

COCTORHHe j a f + 1/2 B IIpOTOHHOti: CHCTeMe, H COCTORHHe "' f -1/2- B 

Heti:TpOHHoti:. 3To - cnencTBHe crrHH-op6HTanbHoro pacmerrneHHR o6onoqeq11ot1: 

MonenH. floaToMy Mhi O)I{HnaeM, qTo a TaKHX cnyqagx 6eTa-rrepexon THrra 

faMoBa-Tennepa rrpoHCXOUHT 6ea BCRKOti: aaaep)I{KH. neti:CTBHTenbHO, cxeMbi 

pacrraaa HeqeTHhiX Hnep rroKa3biB8JOT, qTo TOnhKO rrepexOJlhi Me)l{ny onHoqacTHq-

HbiMH ypOBHSIMH 1 KOTOpb!e RBnRIOTCR rrapTHepaMH CIIHH-op6HT8nbHOro pacmerr-

neHHR, rrpoHcxonHT c HH3KHMH 3HaqeHHRMH fog ft • Ho ac.e-TaKH H 9TH rrepe-

XOJlbl 3H8qHTenbHO (6onbme qeM B 10 pa3) MenneHee, qeM MO)I{HQ Q)I{HU8Tb, 

ecnH HCXOUHTb H3 CKOpOCTH p8CII8Jl8 CB060JlHOrO HyKnOHB. 

0JlH8 rrpHqHH8 38MeaneHHR XOpOlliO H3BeCTH8 H QqeBHJlH8. 0Ha CBR38H8 

C TeM, qTo B CnO)I{HbiX RJlp8X Mbl HMeeM aeno He C qaCTHU8MH ,a C KB83H-

qaCTHII8MH. fl09TOMY He06XOJlHMO BBOJlHTb rrorrpaBKH 118 TO, qTO ypOBHH a6nH-

3H rpaHHUhi <l>epMH qacTHqHo aaHHThi rrapaMH HyKnoHoa. Ho 9THX rrorrpaaoK 

JlO CHX rrop He COBCeM RCH8o HMe!OTCR IIOIIbiTKH 06'bRCHHTb 3TY 38Jlep)I{Ky 

TaKHM )l{e o6paaoM, KBK H a cnyqae paapeweHHhiX <l>epMH-rrepexoaoa, T.e. 

KOnneKTHBHOe COCTOSIHHe, KOTOpoe C06HpaeT 6onblliYIO qaCTb CHnhi 6eTa-rrepe

/3-6/ 
xona • 3TO COCTORHHe COCTOHT H3 Heti:TpOH-IIpOTOH JlbipoqHo-qaCTHqHbiX 

nap, HO B OTnHqHe OT 06biqHoro 8H8noroaoro COCTOSIHHSI Terrepb CBSI38Hbl 

CIIHH-op6HT8nbHbie rrapTHepblo 8 JlpyrHX OIIbiT8X COCTORHHe T8KOrO p0Jl8 IIOK8 

He Ha6nJO)l8nOCb H II09TOMy 3T8 Tp8KTOBK8 SIBnSieTCSI eme 6onee rHIIOTeTH-

qecKoti:, qeM o6'hSICHeHHe aarrpeTa anSI <t>epMH-rrepexoaoa rrpH rroMomH Hao6ap-

aHanoroaoro cocToRHHR. 
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OcTaBHM sTy cno~HY~ npo6neMy H nonpo6yeM pernHTb 6onee cKpOMHY~ 

38/la'iy! nepeHOpMHpyeM MaTpH'iHbie aneMeHTbl llnSI TOro, 'iT06bi H36aBHTbCS! 

OT BbillieyK838HHOP0 0 noKa He TO'iHO onpeneneHHOro 7 <jlaKTOpa. rJpH 9TOM Mbl 

HaneeMcSI, 'iTO nonpaBKa aToro pona He3H8'iHTenbHO H3MeHSieTCSI npH nepexone 

oT OllHoro S!llpa K cocenHeMy. TaKHM o6pa3oM, BBOilSI a¢¢eKTHBHbie npHBelleH -

Hbie MaTpH'iHbie aneMeHTbi llnSI pa3perneHHbiX nepexonoB Me~ny onpeneneH -

Hb!MH OllHO'i8CTH'iHbiMH COCTOS!HHS!MH ( T .e. TOnbKO Me~llY napTHepaMH CnHH-

op6HT8nbHOrO pacruenneHHS!) , nonhlTaeMCS! onpenenHTb HX H3 OnhlT8 H TIOCMOT-

peTb, 'iTO C HHMH MO~HO CllenaTb npH 8H8nH3e nepeXOilOB Me~lly COCTOS!HH -

S!MH 6onee CnO~HOl!: CTpyKTypblo rJpHBelleHHbie M8TpH'iHbie aneMeHTbl Mbl on-

penenHM TaK , 'iT06bi 

• 
< j \\a\\ i'>=<i'\\a\1 i>· 

3HaS! DpHBelleHHbiH M8TpH'iHbll!: aneMeHT 0 Mbl CMO~eM Bbl'iHCnHTb BepOS!THOCTb 

onpeneneHHoro nepexona , ecnH H3BeCTHa nonpaBKa R , Y'il1TbiBa~ruaSI nap-

Hbie KoppenSIUHH . KpoMe Toro, HaM aymeH reoMeTpH'ieCKHH (cTa THCTH'ieCKHll) <jlaKTOp 

S,KOTOpbiH Bbi'iHCnSieTCSI H3 yrnoBhiX MOMP.HTOB HyKnoHOB, npHHHMaBWHX yqac-

THe B nepexone. 3TH <jlaKTOpbi 0 Ha KOTOpbie HY~HO YMHO~HTb MaTpH'iHbii1: 

aneMeHT, npHBelleHbl B rJpHnO~eHHH. 3Ha'ieHHS! f t non~Hbi 6b!Tb npo-

nopuHoaanbHbi BenH'iHHe 

(R s I< II a II i, > I:~ ) _, 

(HaC HHTepecy~T TOnbKO OTHOCHTenbHbie 3Ha'ieHHS! 0 no9TOMY KOHCTaHTaMH 

MO~HO npeHe6peqb) • KaK noKa3biBaeT cpaBHeHHe 9TOPO COOTHOllieHHS! C no-

nyqeHHbiMH 9KCnepHMeHTanbHO fog ft llnSI rrepeXOilOB Me~lly OllHO'i8CTH'i-

/7/ 
HhlMH COCTOS!HHS!MH ' OHO Ka'ieCTBeHHO BhlnOnHSieTCS! 0 HO BCe ~e Henb3S! 

8 



CK838Tb 0 "'TO CyUieCTByeT KOllH'leCTBeHHOe CornacHe Me)!{}::{:l[ 8KCIIepHMeHT8llbHbl -

MH A8HHbiMH H rrepeHOpMHpOB8HHbiMH TeopeTH'leCKHMH 3H8'leHHSIMH fog ft, 3TO 

MO)!{eT 6b!Tb 'l8CTH'lHO o6ycnOBlleHO TeM, "'TO H8M HeAOCT8TO'lHO XOpOUIO H3-

BeCTHbl 3H8'leHHSI U 2 
H V

2 
II8pHOli: MOAenH. I10IIb!TK8 BbP:iHCllHTb 3H8'le-

HHSI U 2 
H V 2 H3 8KCIIepHMeHT8llbHbiX fog ft T8K)!{e A8118 TOllbKO K8'leCTBeH-

/8/ 
Hbie peaynbTaTbi 

nyqrnee cornaCHe MO)!{HO 0)!{HA8Tb 0 ecnH Cp8BHHTb rrepeXOAbi 0 AllSI KOTO-

pb!X IIOIIp8BKH H8 CBepXTeKy'leCTb .UOll)!{Hbl 6biTb H.UeHTH'lHbiMH. 3TO Mbl oy-

.QeM .nenaTb IIpH 06Cy)!{.neHHH KOHKpeTHbiX IIpHMepoB. 

4. BbiBOI1bi o cTpyKType yposneil, CBH3BHHbiX 

pa3pemeHHbiMH 6eTa-IIepexoaaMH 

Llanee Mbl HCXO.UHM H3 cne.nyJOUIHX yCllOBHli:! 

1) Bee paaperneHHbie, Heaa.nep)!{aHHbie rrepexo.nbi (fog ft ~ 5,5) SIBllSIJOTCSI 

rrepexo.naMH THIIa faMoBa-Tennepa; 

2) 8TH rrepeXO.Ubl Bcer.na CBSI3b!B8JOT O.UHO'l8CTH'lHbie COCTOSIHHSI CIIHH-

op6HT8llbHOrO .ny6neTa j ' • f :t_ 1/2 -+ j .. e- 112 
+ 

I1pHMeHSISI 8TH yCllOBHSI ( IIpH IIpOCMOTpe BCeX H3BeCTHbiX 6eTa-rrepeXO.UOB B 

06118CTH 90~ A 'S_ 140 He 6blll0 06Hapy)!{eHO HH O.UHOrO SIBHOrO OTKllOHeHHSI OT HHX) 

K Ha6nJO.U8eMb!M 6b!CTpbiM oeTa-nepexo.naM, Mbl CMO)!{eM B pSI.Ue Clly'laeB 

Ha.Qe)!{HO onpe.nenHTb CTpyKTypy ypOBHeli:, CBSI38HHbiX 3THMH nepexo.naMH. 

I1pHBO.UHM HeCKOllbKO npHMepoB: 

a) I1epeXO.Ubl 
118 

Sb(8 -) -+
118 

Sn (7 ) , 
118 

Sb(8 -)-+ 
118 Sn(7 -) 

J130MepHbie COCTOSIHHSI Sb HMeJOT cTpyKTypy [rr d I v h I ] , a ypoB-o 2 11 2 5-
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HH 7 B Sn - CTpyKTYPY [ Y d a/2 Y h 11; 2 ] T -· 3To rrpenrrono)l(eHHe He SIB-

nSieTCSI eLIHHCTBeHHO B03MQ)I(Hb!M, HarrpHMep, H30MepHbiM COCTOSIHHSIM Sb 

MO)I(HO 6binO 6bi IIpHIIHC8Tb CTpyKTypy [ rr g T/'J. Y h 11; 2) · CIIHHbi STHX COCTO

SIHHif aKcrrepHMeHTanhHO He orrpeLieneHbi. ( KaaHTOBbie xapai<TepHCTHKH 7-

KOHeqHhlX COCTOSIHH~ 6eTa-pacrrana 3KCIIepHMeHT8nbHO XOpOillO yCT8HOBneHhl). 

8 STO~ CHTY8UHH xap8KTep 6eTa-pacrrana IIOMOraeT H8M Bbi6p8Tb IIp8BHnbHbl~ 

aapHaHT. TonbKO B cnyqae [rrd vh 1 
e/2 11/:t s- -+ ["' d a/2 "'h 11/J 1- MO)I(HO 

0)1(HL18Tb, qTQ fog ft rrepexoLia coarranaeT c f og ft aHanorHqHhlX rrepe-

XOAOB rrd 5/ 2 -+ J,l d a/2 

Oil biTe ( CM, TB6n. 1). 

B cocenHHx HeqeTHbiX Hnpax, qTo H Ha6monaeTcSI Ha 

Ta6nHua 1 

Sb -+ Sn {3 +- rrepexonbi 
u 50 

A Jl 
Er fog It 

HHTeprrpeTaUHSI Jr (Maa) [9] Jt Jr 

115 5 / 2+ 3/2+ 0,494 4,7 rrd 5/2 Yd8/2 

116 8 7 2,90 4,6 [ rrd5;1'h 1112] R- [vd8;2vh
1
,;J

7
_ 

117 5/2+ 3/2+ 0,158 4,9 rrd 5/2 vda/2 

118 8 - 7 - 2,572 5,0 [rrd 5/fh 1 v} s- [vd~ vh 11 ; 2] 1 _ 

C COCTOSIHHSI THII8 [rrg/ vh I j 
1 2 II 2 

pa3perneHHhi~, He3anep)I(8HHbi~ rrepexon 

H8 ABYXHeifTpOHHOe COCTOSIHHe HeB03MO)I(eH IIOTOMy, qTQ COCTOSIHHe Y g gj2 

y)l(e HaxonHTCSI B 38MKHyTo~ o6onoqKe, A ecnH rrpHrrHcaTb H30Mepy Sb npy-

ro~ CIIHH, TO Mbi rronyqHM 3anep)I(Ky rrepexona H3-38 reoMeTpHqecKoro !flaK-

Topa, KOTOphiif OK83biBaeTCSI HaMHoro MeHbrne, qeM B cnyqae rrepexona 8--+ 

-+ 7-, IIpH KOTOpOM xapaKTep CnO)I(eHHSI MOMeHTOB HyKnOHOB He H3MeHSieTCSI 

( CM, Ta6n. 2), 
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1 
l 

1 
l 

Ta6nHua 2 

ITepexoa s 

[ 5/2, 11 /2]8_ - [ 3.£.2 11/2] 1/6 = 1/ ( 2 
. , + 1) 

7 J 1 

[ 5/2 11/2] 
7 - [ 3/2 11121! 

7 - 11/210 

[ 5/2 11/2] 
6 - [ 3/2 11121 Ill 1092 

7 

188 188 
6) Yl3oMepHbiJ;l: nepexoa Pr (2 '1) _.. Ce (7 

CxeMa pacnaaa H30MepHoro COCTOSIHHSI 
138 

Pr noxo~a aa pacnaa 

H30MepOB Sb, XOTSI B 3TOM cny'l:ae fog f t 5,7 llOBOnbHo BenHK. CTpyK-

Typa COCTOSIHHSI 7 
188 

Ce, O'leBHilHO, onSITb THna [ v d 8 ;~ v h 11 12 ] , B 

a ecnH npeanonaraTb, 'ITO CTpyKTypa H3oMepa 188 Pr' TBK ~e KBK H 

Sb, - THna [rrd I vh I] 
6 ~ 11 2 

TO nony'l:aeTcSI paaperneHHhlJ;l: nepexoa 

rrd /-+lid 
6 ll 8/ll 

CpaBHeHHe nepexoaa c aHanorH'IHhiM nepexoaoM B cocea-

188 189 I 101 
Pr -+ Ce fog ft= 5, 6 noaTBep~aaeT cae-

naHHbii% HaMH BbiBOil, npH'I~M TOnbKO npH ycnOBHH , 'ITO cnHH HCXOilHOrO COCT0-

/1}/ 
SIHHSI 8-. 3TO He npOTHBope'!HT HOBbiM ll8HHbiM no 3TOMY pacnaay. C 

6onblliOI% yBepeHHOCTb!O MO~HO HCKn!O'IHTb KB8HTOBbie xapaKTepHCTHKH 6 

ami 
188 Pr , TaK KaK B 3TOM cny'!ae pacnaa aon)KeH 6biTb 6onbllle '!eM Ha no-

pSIIJOK Meaneaaee Ha6nJOaaeMoro. CpaBHHTenbHO 6onbllloe aaa'l:eaHe 

fog ft lln51 yKa3aHHbiX nepeXOilOB CBSI3aHo, nO-BHilHMOMy, C ManbiM tlJaKTOp-

poM TBK KaK o6a ypoBHSI fT d !i i 'J y 3THX SII]ep 

y)i{e no'ITH aanonHeHhi. 

TaKaS! )l{e apryMeHTaUHSI Ka)l{eTCSI B03MO)I{HOI% H B cny'!ae HOBOrO H30-

Mepa UO m Pm ( 6 MHH) 0 KOTOpbii% pacnaaaeTCSI C llOBOnbHO HH3KHM 3Ha'!eHHeM 
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fog ft H8 COCT051HHe 7 
140 

B 51.Qpe Nd 
/12/ • M B 9TOM cnyqae npeanonara-

eTC51 CnHH 8 
140 - 112/ 

an51 Pm, a He 6 1 KaK npe.1inonaraJOT aBTOpbl 

B) CTpyKTypa ypoBuel 
+ 116 118 120 

4 B H30Tonax Sn , Sn H Sn 

+ 
3TH ypOBHH B036y)!{.Q810TC51 CO CTOpOHbl H30MepOB HH.QH51 CO CnHHOM 5 , 

CTpyKTypa HCXO.QHOrO COCT051HH51 H3BeCTH8. ~ 

116 
In 9TO nO.QTBep)!{.Q8eTC51 .Q8HHbiMH H3 

[IT g 912 Y 8 1l2 ] a+ 

{ d , p ) -peaKUHH), 

(B cnyqae 

fj-:. nepexoa 

y K838HHOrO THna B03MO)!{eH TOnbKO cneayJOIUHfi:: 

y g T 12 -+ IT g 912 • 

BHoBb no51Bn51JOIUHI!C51 npoToH nonaaaeT B .l:lbipKy IT g 912 ' o6pa3y51 npH 9TOM 

38MKHYTYJO npoToHHYJO o6onoqKy onoBa. B pe3ynbTaTe B03HHKaeT aByxKB83H-

qaCTHqHoe COCT051HHe (y g
712 

ys 
1
1

2 
) , B HalUeM cnyqae 9TO He qJ.ICTOe .QByX

qaCTHqHoe 80CT051HHe, K8K 9TO cneayeT H3 ~8KT8 cyiUeCTBOB8HH51 HeCKOnbKHX 

-to 
ypoBHefi: 4 • ECTb apyrHe .QBYXHeiiTpOHHbie KOH~HrypaUHH, KOTOpb!e CMelUHB8-

+ 
IOTC51 C 9THMH COCT051HH51MH 4 , a HMeHHO: < s I l 2 + • < s I d I l + • < d •In l2 + • T24 72824 u•t 

{ d /: d I l , { h l-/ + . Ho HHKaKa51 H3 9TH X KOHqmrypauHI! ue MO)!{eT B036y)!{-a 2 a 2 4+ 111.. 4 

aaTbC51 pa3peweHHhlM, ae3aaep)!{BHHhlM nepexoaoM co CTopoHhl HcxoaHoro 

+ 
cocT051HH51. Bepo51THOCTb B036y)!{aeHH51 oTaenbHbiX ypoBHel! 4 aon)KHB no-

9TOMy 6biTb nponOpUHOHBnbHa BKnaay KOHCjJHrypaUHH ( Y g T/
2 

Y s t/J 
4 

+ B 

aaHHoe cocT051HHe. EcnH Mbi cno)!{HM Bee Bepo51THOCTH nepexoaoB Ha ypoBHH 

+ 
4 , TO nonyqHM BO Bcex Tpex cnyqa5lx oaHH H TOT )!{e cyMMapHbii! fog ft • 

A 9To 3HaqeHHe KaK pa3 coBnaaaeT c fog ft an51 aHanorHqHhlX nepexoaoB 

B COCe.QHHX aeq~THb!X 51.Qpax. BbiBO.Q T8KOfi:: .QByxaeliTpOHHOe COCTOSI HHe 

{g s ) 
T /2 112 4 + 

+ 
pacnpeaeneHO no COCT051HH51M 4 , KOTOpbie B036y)!{.Q810TC51 

npH 6eTa-pacnane. CooTBeTCTBYJOIUHe aMnnHTY.I:lbi a 
2 

MO)!{HO paccqHT8Tb 

H3 OT.QenbHb!X fog f t ( CM, Ta6nHUY 3), 
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Ta5nHua 3 

{3 -pacnall In -> Sn 
49 50 

8KCTiepHMeHT811bHbie 
/9/ 

llBHHbie 

Er 

A J I J, (Msa) fogft 

116 5+ 4+ 2,38 5,2} 
2,52 5,1 

2,80 5,1 

3,05 5,1 
+ + 

117 9/2 7/2 0,73 4,5 

118 5+ 4+ 2,28 5,6} 
2,48 5,7 

2,96 4,6 

119 9/2+ 7 / 2+ 0,84 4,4 

120 5+ 4+ 2,18 5,6 

2,65 6,0 

3,06 4,8 

3,17 5,6 

3,39 5,7 

3,54 5,9 

3,78 5,4 

+) - -1 -1 
(ft) -l:<tt,l 

fogh +) 

4,5 

4,5 

4,5 

4,4 

4,5 

82 

0,22 

0,26 

0,26 

0,26 

0,08 

0,07 

0,85 

0,09 

0,03 

0,54 

0,09 

0,07 

0,04 

0,14 

2,69N. sB 

( 2, 7) 

2,87 Msa 

( 3, 1) 

3,15 M S B 

(3,4) 

3TH 8MTI11liTYAbl He COrnacyiOTCSI c pacqeTHb!Mll 3H8'!eHHSIMH, KOTOpbie TIOilY'Illll 

/13/ /13/ 
ApBHe , HO pac'!eThl, Dpl!BelleHHhle B pa6oTe ' He DOilTBeplllllll!Ch 11 B 

ApyrHX OTHOllieHHSIXo 

J1HTepecHO orrpeaenl!Th ueHTp TSI)f{eCTl! I, B ~ E I COCTOSIHHSI ( g T~ s J,h) 

I 141 
11 cpaBHl!Th ero c pac'!eTHbiM DOilO)f{eHHeM 'Il!CTOrO llBYXKB83li'I8CTli'IHOrO 

COCTOSIHHSI, KOTopoe Dpl!BOill!TcSI B cK06K8X (Ta6n 3). nonyqaeTcSI llOBOilhHO 

xopowee cornacHe. 
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) 
93 

A ilsyx- H TpexqaCTH'IHbie ypOBHH B Mo 
94 

H Mo • 

B pacnaae 94 Tc -+ 94 Mo 
.a 42 

Ha6moaaeTcsr nepexoa Me)!(,ny asyxqa cTH'I-

Hb! MH ypoBHSIMH, CTpyKTypy KOTOpbiX TaK)!(e MO)!(HO orrpe,ne.'!HTb H3 cpa sHeHHSI 

3Ha'!eHHH fog ft y q{!THblX H HeqeTHbl X H.Qep. 

T a6nHua 4 

f3 +- pacrraa Tc -+ Mo 
u 42 

3KcrrepHMeHT8 nbHbie .Q8HHbie 
/9, 15/ 

l1HTeprrpeT8 UHSI 

A J I J E fogft J J 
r r I 

93 9/2+ 1,363 4,8 
IT g 912 v g Tl2 

94 (6, 7)+ 6+ 2,422 4,9 [1Tg9l2vd oi'J.] T+ [vg I vd I ] + T 'J. 0 2 6 

+ 7/2+ 0,965 5,1 95 9 / 2 IT g 912 vg TI'J. 

B OCHOBHOM COCTOSIHHH 
9

" Tc ,nell: CTByeT cna6oe npaBHnO Hop,nrell:Ma, 

noaToMy rrepexoa 
+ + 

MO)!(eT 6b!Tb THna 7 -+ 8 1 a CKOpOCTb nep exo,na TaKaSI 

)!(e, KaK y O.QHO'IaCTH'IHOI'O nepexo,na fT g 
9
/ll -+II g T/ll B coceaaHx HeqeT-

HbiX HApax. KaK BHAHO H3 Ta6nHUb1 0 9KCrrepHMeHTBnbHbie .QaHHbie ITO.QTBep)!(-

.QaJOT 9TOT BbiBO.Q. Y 
93 

Tc H 
93 

"\y-c Ha5nJOLJ8JOTCSI H ApyrHe CHnbHbie 5eTa-

nepexo.Qbi aa 5onee BbiCOKOB036y)!(.QeHHbie ypoBHH. CTpyKTypy 9 THx yposaell: 

TpyAHO o6~SICHHTb KBK OAHO'IBCTH'IHYJO• EcTeCTBeHHO ITOnBI'BTb 1 'ITO OHH -

TpeX'IBCTH'IHOH npHpO.Qblo 

l..JT06b! nony'IHTb p83peweHHbiM nepeXO.QOM TpexqacTH'IHOe COCTOSIHHe 

H3 O.QHO'I8CTH'IHOI'0 0 e.QHHCTBeHHOH B03MO)!(HOCTbJO S!BnReTCSI o5pa30B3 HHe CTpyK-

Typbl (IT g 
9
/ll II g T/2 ) l + H3 KB83H'I3CTH'IHOrO BBKyyMa OCTOBa, rrpH'IeM Heq{!T-

HblH HyKnOH OCTaeTCSI Ha MecTe. noaToMy rrepexoa RBnReTcsr aHanoroM ne-
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+ 1+ 94 94 
pexOLIOB 0 ... rrpH pacrraue Ru ... Tc, rrpHBeLieHHhlX B Ta6nHue 5. 

Ta6nHua 5 

• 
3KCnepHMeHT8JlbHhle Jl8 HHbie 

/15,16/ 
l1HTepnpeTaUHSI 

A nepexon J I Jf E fog ft J I Jf f 

93 Tc -. Mo 9/2+ 2,903 4,5 IT g 9/2 (IT g 9/21' g T/:J rt" g~ 
1/2 2,645 4,2 ITp 1/2 {IT g 9/2 1' gT/2i t+-IT P1{2 

94 Ru -. Tc 0+ 1+ 0,367 < 4,0 
0 ( IT g 9t2 1' g T ;J t+ 

0,891 < 4,0 

93 
K co*aneHHJO, CIIHHbi TpexqacTH"'HbiX ypoBHel!: 2,903 H 2,845 MaB B Mo 

He H3BeCTHbl 1 T8K "'TO H3-38 HeonpeueneHHOCTH CT8THCTH"'eCKOf'O tP8KTOpa 

HeJib3SI TO"'HO COIIOCTf.lBHTb H86JIJOLI8eMbJe 3H8"'eHHSI fog ft • 

CHe MO)KHO 6bJIIO 6bJ IIOJIY"'HTb 1 ecnH rrpeLIIIOJIO)KHTb 1 "'TO 

flyqwee corna

Jr =9/2+LIIISI 

ypoBHSJ 2,903 MaB, a J r = 3/2- - LIJISJ ypoBHSJ 2,845 MaB, "'TO He rrpoTH-

BOpe"'HT paCII8LlY 9THX COCTOSIHH~. 

e) Tpex"'aCTH"'HOe COCTOSIHHe B 116 Sn 

npH pacrraue 
116 

Sb ... 
116 

Sn Ha6nJOLI8eTCSI rrepeXOLl H8 ypoBeHb 2, 72 MaB 
61 60 

C O"'eHb HH3KHM 3H8"'eHHeM fog ft 
117/ 

3,9 , 3TOT cnyqal!: oco6eHHO HH-

TepeceH IIOTOMY 1 "'TO 9TOT rrepeXOLl MO)KHO 06bSICHHTb, TOJibKO LlOIIYCTHB H8-

pyweHHe 38MKHyTol!: o60JIO"'KH IIpOTO&OB, 0LIHO"'8CTH"'H8SI IIpHpOL18 ypOBHSI 

2, 72 MaB HCKJIIO"'8eTCSI 1 T8K K8K 9TOT ypoBeHb B peaKUHH ( d • P) He Ha6JIJ0-

/18/ 
uaeTCSJ • ELIHHCTBeHHaSJ B03MO)KHOCTb LinSI paapeweHHoro Heaauep)KaHHoro 

rrepexoua cneuyJOmaSI: 
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I 
II 

... 

OpH 8TOM npoToH Ha nocneaHero ypoBHH aaMKHyTo~ o6onoqKH nepexoaHT a 

COCTOHHHe 
g T/2 Het!TpOHHOH CHCTeMbi 0 a npOTOH Ha YPOBHe d r./'J HBnHeTCH 

" Ha6moaaTeneM", KOTOpbi~ He npHHHMaeT yqacTHH a npeapameHHH, AHanoroM 

8TOro nepexoaa HBnHeTCH nepexoa 114 In ( 1 +)-+ 114So ( o+), B KOTOpOM COCTOS!-

HHe f,r g 9/.1 II gT/2] I + npeapamaeTcsr a KBaaHqacTHqHhiH BaKyyM, T,e, nepexoa 

npoHcxoaHT a o6paTHOM HanpaaneHHH no cpaaHemno c nepexoaoM 116 Sb -+116 So. 

+ 
nepexoa 0 + 

I · JlOnJKeH npoHCXOJlHT a TpH paa~;~ 6biCTpee Ha-aa c TaTHCTH-

qecKoro cjJaKTOpa, 3To H Ha6moaaeTcsr: Jlnsr nepexoJla 114 In-+ 114 So fogft =4,4, 

a ansr nepexoJla 
116 

Sb-+ 
116

So fogf t = 3,9, MaTepecea TOT cjJaKT, qTo ypoaeHb 

co CTpyKTypoit [17 g 9; 2 llg 7; 2] 1 +"d 6; 2 pacnonoJKeH a nonyMarHqecKoM HJlpe 

116 TaK HHGKo, B coceJlHeM q~THo-qeTHOM srape So 
nepBhie Jlhipoqao-qac-

THqHbie aoa5yJKJleHHsr npoTOHHo~ o6onoqKH Ha6niOJl8IOTcsr Ha BbiCOTe 3,6 M aal 19/. 

OnycKaHHe TpexqacTHqaoro ypoaasr MOJKHo o6~SICHHTb, ecnH yqecTb ocTaToqaoe 

npoToH-HeitTpoHHoe aaaHMoJle~cTBHe, KoTOpoe HMeHHo B KOHcjJHrypauHH [
17

g I 
9 2 

II g ~.J JlOlllKHO 6b!Tb OC06eHHO CHllbHbiM, Oo CYIIleCTBy 3TO - JlaBHO H3BeCTHOe 'f"ll I+ 

CHllhHoe npaBHno Hopare~Ma, 

116 )KenaTenhHO 6bwo 6bi npoaepHTb aaHHbie no pacnaJly Sb 
c npHMeHe-

HHeM repMaHHeBoro JleTeKTOpa, a TaKJKe nonbiTaTbCS! B036yaHTb ypOBHH 3TOro 

poaa a peaKUHH 118 In ( 8 He , p ) • 

5. 3 8 K n 10 q e n H e 

OpH aHanHae paapemeHHbiX, He3aJlepJKaHHhiX 6eTa-nepexoJloB a ccjJepHqecKHX 

srapax HMeeTCS! B03MOJKHOCTb H3BneKaTb 60llbllle HHcjJOpMaUHH 0 CTpyKType ypoB-

He~. MeJKay KOTOpbiMH rrpoHcxoaHT rrepexoa, qeM 8TO o6biqHo aenaeTcSI. 
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06Cy)KtleHHe 6bJnO o60CHOB8HO HS cnet:tyiOIUHX npeanonO)KeHHSIX: 

1) B paCCMOTpeHHbiX nepexoaax BKll8tlOM <flepMHeBCKHX MaTpHqHbiX :ane-

MeHTOB MQ)KHO npeae6peqbj 

2) paaperneHHbie, Heaaaep>KBHHbie nepexot:tbi THna faMoBa-Tennepa seer-

ll8 CBSI3b!B8JOT qneHbl CITHH-Op6HT8llbHOrO ay6neT8j 

3) npH cpasaeHHH nepexoaos noao6Hoti npHpot:tbi, KpoMe nonpasoK aa 

csepxTeKyqecTb, HY>KHO yqHTbiBaTb BllHSIHHe CTSTHCTHqeCKHX ¢aKTOpOB. 3TO 

oco6eHHO B8>KHO, ecnH B nepexoae yqaCTByJOT tlBYX- HllH TpexqaCTHqHbie ypoB-

HH. 

Oco6y10 ponh, KOTOpyJO, no-BHtlHMOMy, HrpaJOT aetl.Tpoa-npoTOHHbie na-

phi THna [17(f+1/2lv(f-1/2l] 1+s paaperneHHbiX nepexoaax Ha BbiCOKo soa6y)K-

J]eHHbie ypOBHH. CTOHT H3yqaTb 6onee TIU8TellbHO. 

flpHnO>KeHHe 

P8C"'li3T rp8KTOpOB R H s B MOaenH KB83H"'l8CTHU 
' 

OnepaTop 6eTa-pacrraaa B ¢opMal1113Me csepxTeKyqet\. MoaenH HMeeT 

/20/ 
o6IUHti BHtl : 

G Q .. _1_ l: (j 
1-' J3 ll' 

'm 'j m 1"i&l< II u II 
J:.....n · 

'> I u u , <-1 > 
J J 

+ + 
a a , , + 

Jm J m 

J-m +l - m 
+ v u , (-) 

J J 

+ v 
l- m 

(-) a a 
J-m 

v , 
J J 

a a,,+UV, 
J-m J m J J 

+ 
J-m 

, I . 

( 1) 

+ + a a , ,+ 
Jm j -m 

OpH aTOM < i II u II i' >- npHseaeHHbiti MaTpHqHbiti :aneMeHT paspemeHrmro 

pacrraaa THna faMoBa-Tennepa Me>Kay oaaoqacTHqHbiMH ypoBHRMH j',. f + 1/2 

H j = f .:t 1/2 l ( j 'm ' j iii! 1 1L ) - Ko:a#HuHeHT Kne6rna-fopaaaa. U , V - KO-

:a#HuHeHTbl 38ITOllHeHHSI ypOBHei1. 
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1: 

li. 

.•· 

BepOHTHOCTb rrepexoaa MeMAY COCTOHHHHMH 'I' ( J ') 
I 

H 'I' (J} 
t 

HCXOA-

HOrO H KOHe'iHOrO HAp8 orrpeaenHeTCH CyMMOfi KB8Ap8TOB M8TpH'iHbiX sneMeH-

TOL C pa3nH'iHbiMH M8rHHTHbiMH KB8HTOBbiMH 'iHCn8MH: 

-I 
( f t) 

-1 II 
,...{2J'+l) I.\<'1' {JM})\Gf3\'l' (J'M')>\ 

MM' t I 

( 2) 

EcnH rrpearronOMHTb 0 'iTO B p8CCMOTpeHHbiX 3AeCb cny'i8HX TOnbKO OAHH H3 

B03MOMHbiX rrpHBeaeHHbiX M8TpH'iHbiX ooneMHTOB B G f3 aaeT BKnaa, TO MOM-

HO 3811HC8Tb: 

(ft)-
1

- RSI<i II u II j'> \
11

• 
(3) 

norrpaaKy rro rrapHbiM KoppenHUHHM R Mbi rronyqaeM cpa3y H3 ( 1), orrpeae

nHB BHA BOnHOBbiX QlYHKUHlf 'I' I H 'I' t · H a rrpHMep, AnH {3- -rrepexoaa C AByx-

'i8C TH'iHOrO COCTOHHHH He'ie THO-He'ie THOrO HAp8 

'I' 
I 

-1/2 + 
={2J'+ 1) I. (jmj"m"\J'M')a +a, 

mm" Jm J m 

rrpOTOH 1 j" Heti:TpoH) 

B ABYXHefiTpOHHOe COCTOHHHe 

'I' 
1 

., ( 2 J + 1 )-
1/J I. ( j ' m 'j " m " \ J M ) a +, , a+ 

' , J m 
m m 

J "m, 

(4) 

( 5) 

coceaHero qeTHoro HApa aetl:cTByeT qneH c KB83H'i8CTH'iHbiMH orrepaTopaMH 

a 
l- m 

+ a , 
l-m 

B ( 1); B pe3ynbT8Te HMeeM 
2 

R- V l 
2 

v l, H T.Jl. 

CTaTHCTH'ieCKHii <jJaK Top s Bbi'iHCnHeTCH H3 Kos<PQJHuHeHTOB BeKTOpHoro cno-

MeHHH 1 KOTOpbie HMeiOTCH B Bblp8MeHHHX AnH OITep8TOpOB 5eTa- p8CIT8A8 H BOn-

18 
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HOBbiX QJyHKUHl!:, TaKHM o6pa30M' IIonyqaeM Ami OAHO'i8CTH'iHOrO rrepexoaa: 

-I 2 -1 
S=(2j'+1) (1/Sl I. l<i'm'iml1jl ll =(2j'+1l 

( 6) 

mm 

AnH rrepexoaa C IIpOTOH-Hel!:TpOHHOrO ABYX'i8CTH'iHOrO COCTOHHHH C J' = 1+ 

B KBa3H'iaCTH'iHb!l!: BaKyyM ( OCHOBHOe COCTOHHHe COCeAHero HAp a): ( j j ') _. 0: 
!+ 

2 

s = ( 1 I 9) I. I ~ ( j, m , j m I 1 ii ) ( j, m , j m I 1M ) I = 1/ 3 , 
M mm 

( 7) 

a anH o6paTHoro rrpouecca 

( 8) 

s = 1. 

ilnH rrepeXOAOB MelKAY AByX'i8CTH'iHb!MH COCTOHHHHMH HMeeM: 

( j , j'' ) , ... ( j j , ) 
J J 

-I s = ( 2 J , + 1 ) ( 1 /3) I. 
MM 

I.) j m j "m " I J M ) ( j 'm ' j iii -1 1 ji ) X 
m 

( 9) 

X (j 'm 'j"m I J 'M')(-) 
j '-m! 2 

= (2J+1l[ W(jj'JJ';1j")
2

, 

rae W - K08QJQJHUHeHT PaKa, 3TH BbipalKeHHH cornacyiOTCH c <jJopMynaMH, 

P 0 6 
/21/ 

KOTOpbie A810T 03e H C OpH AnH rrepeXOAOB MelKAY ABYX'i8CTH'iHblMH 

ypoBHHMH, ecnH yqecTb apyroe orrpeaeneHHe rrpHBeAeHHoro MaTpH'iHOro ane-

MeHTa < i II a II i '>. 
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AaanorHqHbiM nyTeM nonyqaeM nnH nepexona c onHoqacTHqHoro ypoBHH 

H8 Tpexqa.CTHqHbli!: j , -> ( ( j j ') + j , ) 
I J 

s- 2J+l 

3(2j "+1) 

a B cnyqae npyroa cxeMbi CBH3H , -+ [ ( j , j , ) .T " j ) .I 

(2J+l)(2J"+ 1) 
-[W(jj'J s = 

2j"+l 

nHTepaTypB 

:1 
, ; 1 J ")] 
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