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1. B a e 11. e H II e 

B nocne11.mie l'O!J.bl pa3BIIT Pll!l. O'!eHb IIO!J.p06HblX CXeM ypoaHeii cp~11.He

l'O nonSI (cM., Hanp11Mep, /1,2,3/), nony'IHBWIIX w11p0Koe pacnpocTpaHeH11e 

I!pll aHan113e 3KCI!ep11MeHTanbHb!X 11.aHHblX, O11.HaKo coaepweHHO SICHO, '!TO MHO.;. 

l'l!e 113 H113Kone)Kaw11x COCTOSIHIIH B He'!eTHblX 11.ecjiopM11poaaHHblX S!!J.pax He 

S!BnSIIOTCSI 'IIICTblMII 0!1.HO'!aCTll'IHblMII. Ha6n1011.aeTCSI CMeW11BaH11e COCTOSIHIIH 

pa3nl!'IHOH np11p0!1.bl, Hanp11Mep, CMeWl!BaHl!e COCTOSIHIIH C pa3nl!'IHblMII l'naa

Hb!MII KBaHTOBblMII 'll!CnaMH, B3811MO!J.eilcTBlle 0!1.HO'l8CTII'IHOl'O !1.BH)KeHIISI C 

apamaTenbHblM II KOne6aTenbHblM /4,5/. 

BHyTpeHHee !1.BH)KeH1Ie HyKnOHOB B aKCII!:tnbHO-CIIMMeTpll'IHb!X S!!l.pax xa

paKTep1I3yeTCSI npoeKuHeii nonHOl'O yl'nOBOl'O MOMeHTa Ha OCb Cl!MMeTpllll 

Sl!J.pa - K I KOTOpaS! He MO)KeT 6b!Tb TO'!Hb!M KBaHTOBblM 'IHCnOM 113-38 B3811-

MO!J.eiiCTBIISI C BpameHHeM. 

Kol'11.a BpamaTenbHaSI 3Hepl'IISI H8MHOl'O MeHbWe, '!eM pacCTOSIHl!e Me)K!J.Y 

0!1,HO'!aCTll'IHblMII ypoBHSIMII, TO BnllSIHl!eM apameHIISI Ha 0!1.HO'l8CTll'IJIOe !1.Bll)KeHHe 

MO)KHO npeHe6peqb/6/. 

Ecn11 paCCTOSIHl!e Me)K!J.Y 0!1.HO'l8CTl!'IHblMII ypOBHIIMII ·c /'J. K = l cpaa-

HIIMO C BpalllaTenbHOH 3Hep1'11eii, TO on11caH11e B3811M0!1.eHCTBIISI oaHo'!aCTll'I

HOl'0 II BpamaTenbHOl'O !1.BH)KeH!IH B nepBOM IIOPSILIKe Te0pllll B03MyllleHIISI CTa

H0BIITCSI Hey11.oaneTBOpl!TenbHb!M /7 I. B TSKIIX cny'!al!X !1.llal'OHan113y10~ B3all -

MO!J.eiicT-Bl!e Kop11on11ca C y'leTOM JieCKOnbKIIX 0!1.HO'ISCTll'!Hb!X ypoBHeii, 3Hep

l'IIII KOTOphlX no11.611pa10TCSI Ha 0CH0B8HIIII cpaaHeHHSI pe3ynbT8TOB pacqeTa 

C 3KCI1ep11MeHT8nbHblMII 11.aHHblMH 17,8 ,91• O11.HaKO TaKne pac'!eThl Tpe6y10T 

aae11.eHHSI 6onbWOl'O K0nn'!eCTBa napaMeTPOB 11.nll K8)K!J.01'0 KOHKpeTHOl'O Slllpa. 

3 



TipeACTaBnHeT'HHTepec AHaroaanH38UHH B38HMOAel!:CTBHH KopHon~ca Ha 
I • • 

oa3HCe COOTBeTCTByIOmelt OAHO'laCTH'IHOlt cxeMbl, KOTOpaH obma Obi npHrOA-

Ha J:!-nH BCeX Aeq>OpMHpOBaHHblX HAep. B HBCToHmeli paooTe B38HMOAel!:CTBHe 

KopHonHca AHaroaanHayeTCH aa· oaae cxeMbl c noTeHUHanoM CaKcoaa-ByA

ca /31. 

nony'leHHb!El peweHHH HCilOnb3YIOTCH AnH .HccneAOBBHHH K -aanpemeH-

HblX npoueccoB, npaBHn HHTeHCHBHOCTelt (npaBHn Anara) H napaMeTpOB pa3-

BH3b!B8HHH. 

2. <l>opMynHpOBK8 npooneMbl 

3annmeM raMHnbTOµHaH OAHO'18CTH'IHOro H BpamaTenhHOrO ABH)l{eHHli, a 

T8K)l{e HX B38HMOAeliCTBHH AnH 8KCHanbHO-CHMMeTpH'IHOro HAP8 B BHAe 
111 

i,2 t, 2 

H=H + --[1(1+1)- 1
2 

-j
2
]---[1+ j + 

ap 2J O O 2). -
i+] (1) 

rAe H •P OnHCbIB8eT BHyTpeHHee ABH)l{eHHe ayKnOHOB, J - MOM8.llT HHep-

llHH, p_aCCM8TPHB8eMbilt K8K napaMeTp. 

OriepaTOpbi I t. H i t. onpeAeneab1 cneAyromHM oopaaoM: 

+=I ±I 
-· X y , 

(2) 

i =i + j t X - y 

CHMMeTpH30B8HHble BOnHOBb!e q>yHKUHH raMHnhTOHH8Ha (1) HmeM B BH-

Ae 

--· 1+£-1/2 
'l'OM; a 0K 0) .. v' 21

+
1
2 I c I I D ~~ aK + <:-U n:_KXae-i. I 

1611 aK aK 
(3) 

Ko - npHonH*eHHoe KBaHTOBoe 'lncno · npoeKUHH nonaoro yrnoBoro MOMeHTa, 

a o - H8O0p OCTanhHblX 8CHMilTOTH'leCKHX 'IHCen. 

ao Ko - KBaHTOBble 'IHCna, AnH KOTOpb!X K09!p!pHUHeHT C I a 0 Ko 

HBnHeTCll M8KCHManbHblM. 
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Koa<j>q>HUHeHTbl paano)l{eHHH 

ycnOBHIO HOpMHpOBKH 

CI 
aK 

- BemecTBeHHbl H YAOBneTBOpHIOT 

~ I 2 
"" ( C ) "' I. , (4) aK aK . 

BayTpeHHee ABH)l{eHHe onHCbIB8eTCH BOnHOBblMH ipyHKUHHMH X a K AnH 

Aeq>OpMHpOB8HHOro noTeHuHana CaKCOHa-ByAca, KOTOpb!e HMeIOT BHA /3/ 

xaK = I a aK 
n £1 n £1 

K 

R n £i ( r) '!:1
1 

,£ 1/2: I (5) 

rAe 
aK 

an£ I - K09q>!pHUHeHTbl paano)l{eHHH no COOCTBeHHblM q>yHKUHHM cipe-

PH'leCKoro noTeHUHana CaKCOHa-ByAca. 

B OTllH'IHe OT nepBoro 110PHAK8 TeOpHK BO3MYlll8HliH, B KOTOpOM Y'IKTbl-

B88TCH B38HMOAel!:CTBlie BpamaTenbHblX nonoc C /!,._K =·l 

nK38UHH Y'IHTblBaeTCH B381iMOAelicTBKe nonoc C I!,. K = 1-1 /2 • 

• npH AHarOHa-

3aeprHIO COCTOHHHH co CllliHOM H8XOAKM H3 cneAyromero 

_fK2) + 

ypaBHeHHH: 

E (I) = I. ( C I ) 
2 ( E 

U·oK O aK aK aK 

{2 I+ 1/2 
+-·-l(I+ll[l +Hl 

2J 
I +1/2 

I(l•.p) 

J 

am], (6) 

rAe E a K - OAHO'ISCTH'IHble aHeprHH, a (I) - napaMeTp CM811lliB8HHll, KO

TOpbllt onpeAenSieTCll KSK 

1-1/2 
a(l)=(-1) __!__/ <'l' (I.M; a K )jl j +I j j'l' (IM;a K ) > , 

I+ 1 2 o o + -· -• + o o 

.QnH COCTOHHHH C I =Ko =1/2 napaMeTp CMeWKB8HHH COBilaAaeT C 

OObl'IHblM napaMeTpOM pa3BlI3blB8HHH /1 / 

a = - < - 1/2 I i _ I 1/2 > • 

Hcnonb3YH BonHOBbJe q>YHKU1111 (3), nonyqHM Bbipa:a<eHne AnH a CI) 

B BHAe: 
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am--l: 
aK 

a"K' 

I J+l/2 aK 

caK ca1<:'[8 K;_1/281t'i1/2,,7J (-1) (j+I/2la nff a 

at:, 
nff + 

1+1/2 2y( 1-KHI+K+ll 8 l: 
+(.-l) _:_----;---- K;K+I nff 

aK 
y(j-MXj +K + I )-a 

n f I 

a' K' 
a 

n f J 

(9) 

] ; 
I+l/2 

3Hepr11g C0CT0HHHll BO BpamaTellbH0il. nonoce Tenepb·3aBHCIIT He T0llb-

KO OT cn11Ha II M0MeHTa 11Hepum., HO II OT napaMeTpa a (I) 11 Koa4>«tm-

UlleHT0B CMeWIIBSHllll C~K 

BYIOIIIIIMH YP0BHllMH nopl!AKS 

• Korna paccT0HHlle MelKAY B3811MOAeHCT

MaB, np11Mec11 npyr11x COCTOllHHH 0'leHb ManbI, 

8Hepr11ll COCT0l!Hllil. BpaIIIaTellbHoil. non0Chl onpenenHeTCll o6hl'!Hh1M o6pa3oM: 

t 2 . 1+1/2 
E(I) a -[ I (i+l) + (-1) 

2J (I + 1/2 ) a 8 K; 1/2 (10) 

Ecnn B38HMoneil.cTBYIOIIIlle yp<iBHII 6n113KII no 3Heprn11, B03M0lKHhl 0T

Kn0HeHllll OT qiopMynhI (10). B 6onbWIIHCTBe cny'laeB (Korna a (I) cna-

60 MeHl!eTCl! BHYTPH pOTSUII0HHOH non0Cbl H •mcno c11nbH,;>_B38HM0Aeil.CTBy10-

IIIHX yp0BHeil. HeBenHKo) 3TII 0TKn0HeHHll M0lKH0 CBeCTII K nepeHOPMHpOBKe 

M0MeHTa HHepUHH II napaMeTpa pa3Bll3h!BSHHH. 

I 
.Unll HaX0lKAeHHll K03qlqJHUlleHTOB paanolKeHllll caK H co6CTBeHHhlX 

3Ha'leHni!: raM11nbT0HHaaa (1) npoBonanacb nnaroaan11aaunll Ha 3BM (npn 

qJHKCllpOBSHHOM 3Ha'leHIIII M0MeHTS 11Hepu1rn) MSTPIIUhl nopMKa u(i)a~nK 

rne D K -'IHCno 0AH0'ISCTH'IHhIX COCTOllHHH C 0AHHSK0BhIM 3HS'leHHeM K 

H '!eTH0CTblO. 

3 • .UeTann pac'!8T0B H 06cylKnea11e peaynbTaT0B 

.Llnll Bh!RCHeHllll Ka'leCTBeHHhIX aqicpeKTOB B38HMoneil.CTBHll 0AH0'ISCTH'I

Horo II BpamaTenbH0ro ABlllKeH11ll: 'IIICneHHbie pac'leThl 6bmH nposeneHbl co ' 

CXeMoll: 0AH0'ISCTH'IHhIX ypoBHeH gnep B o6nacTII A ., 165 H 3Ha'leHHeM 

napaMeTpa neqiopMaunn f3 =D,31 · /3/. Z1naroaannaau11ll nposonnnacb oT
+·2 

nenbH0 nnH Hei!:TpOHHOil. 11 npOTOHHOll: CHCTeM. 3Ha'leHllll napaMeTpa h /2J 

B8pbHp0Ban11cb B 'lllCneHHhIX pac'!eTaX. 
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.Unll KSlKA0ro K0HKpeTH0ro gnpa napaMeTp t 2 
/2 J Bh1611panCH nyTeM 

cpaBHeHHll TeopeT11'1eCKIIX H aKcnepHMeHTSllbHhlX 3HS'leHHil. 3Heprnil. p0TSUH0H, 
HhIX nonce. 3To 3HS'leHHe napaMeTpa cpaBHHBanocb C o6bi'!HhlMll 3HS'leHHHMH, 

nony'!aeMhIMll no qiopMyne (10). 

B pac'!eTaX aaeprnil. p0TSUII0HHhlX COCTOl!HHll: Ha yp0BHH c K =1/2 He 

BB0AHnCl! nononHHTellbHblll: napaMeTp pa3Bl!3b!B8Hllll (cM. qiopMyny (10) ). Teo

peT11'leCKHe pac'!eTbl nposon11n11cb C TeMH 3Ha'leHlll!MII napaMeTp0B pa3BH-

3hlB8Hllll, K0T0phle nony'lan11Cb B OAHO'ISCTll'IHOll: CXeMe. EcTeCTBeHHO,. '!TO 

Te0pllll He M0lKeT paCC'IIITblBSTb Ha ny'lwee on11caa11e 3Hepr11i!: p0TSIIII0HHhIX 

COCTOl!Hllll: C K ,;; }/2 C 0AHIIM 3Ha'!eHHeM napaMeTpa, 'leM on11caH11e' np11 

noM0IIIII AByxnapaMeTp11'1eCKOll: qiopMynhl ( 10). 

Ilony'leH cnenYIOIIIHfi 06m11i!: peaynbTaT: 

a) y'leT B3811M0Aell:cTBllll Kop11onHCa nnll COCTOl!HIIH c·K >I/2 np11BO-

AIIT, KaK npas11no, K yMeHbwea1110 napaMeTpa t 2/ 2 J B cpenaeM Ha 10% 

no cpasHeH1110 co 3Ha'!eHHeM, nonyqaeMhIM no qiopMyne ( 10); 

6) nnll COCT0l!HIIH c K =l/2 Y'l8T B3811M0Aell:cTBllll Kop11on11ca np11BO-

AIIT K ·o6paTHOMY aqiqieKTy nepeaopMllp0BKII napaMeTpa M0MeHTa HHepUHII. 

KoHKpeTHble· npHMepbl nepeH0pM!!p0BKII napaMeTp0B, o6ycnosneHHOil. B3811-

Monei!:CTBl!eM Kop11on11ca, ASHhl B Ta6n. 1. 

1!11cneaahie pac'leThI n0Kaaan11, '!TO o6hI'IHO nonHal! sen11'!11Ha np11Mecei!: 

npyr11x COCTOl!Hllll: B naHH0M 0AH0'ISCTll'IH0M He rrpeBbIWaeT 5%. nonHal! Be

nl!'!HHa npHMecell: paCTeT C ysen11'leH11eM crr11Ha C0CTOllHl!ll: BpaIIIaTenbHOil. rro

nocbI. H 3HS'leHIIH M0_MeHTa 11Hepun11. T11rr11'1Hh!H np11Mep TSK0ll: 38BIICIIM0CTH 

Il0K838H HS p11c. 1. 

C yBen11'leH11eM CITIIHS C0CT0l!Hllll Bee 6onbwee 'IIICno paan11_'1HhlX 0AHO

'ISCTll'IHhIX COCTO!IHIIH naeT BKnan B B0nHoByIO qiyHKUlllOo B rrp11au11rre 3TO MO

lKeT rrpHB0Al!Tb K HapyweHHlO npaBlln IIHTeHCIIBH0CTei!: nepexonoB, ycTSH0BneH

HhlX nnll an11a6aTH'leCKOl"O cny'lall. O6bI'IHO Ha116onee Ben11KII rrp11Mec11 coc-

T0HHIIH c L'iK al ( CM. Ta6n. 2). P Onb np11Mecei!: C0CT0l!Hllll: c L'i K ;::_ 2 

uen11K0M 38BIICll'I' OT .neTanei!: OAHO'ISCTll'IHOll: cxeMhI. 

1!11cneHHhie pac'leThI n0Kaaan11, '!TO naa11Monell:cTs11e Kop11on11ca cna6o 

B03MyIIIaeT noneneH11e 0AH0'ISCTll'IHhIX yposHell:. OnaaKo noseneH11e yposHei!: 

BHyTpll BpamaTenbHOH rron0Chl M0lKeT CllllbH0 B03MYIII8TbCll B3811MOAell:cTBII-

7 



eM Kop11on11ca. H11lKe noKalKeM, K0r):la TO'IHbil!. y'leT B3allMOJ:leilcTBIISI Kop110-

n11ca i:1aeT cymeCTBeHHble _OTKnoHeHIISI OT pellleHIISI B paMKaX Te0PIIJ\ B03MY-

11leH11S1. 

B cnyqae K > -1/2 no TeOpllH B,03MYUleHHSI nony'IHM cnei:1y10my10 3aBH-

CIIMOCTb 3HeprHll BpamaTenbHOH nonoCbl OT I : 

f (I ) = E(I + I) - E(I) 

2(1+1) 

t2 
2T =- const .. 

(11) 

Ha p11c. 2 (a,6,B) noKa3aHa 3KCnep11MeHTanbHaS1 aaBIICIIMOCTb f (I) i:1nsi Bpa-

/ + [ ] 161 /10/ 
!llaTenbHOH nonOCbl 5 2 - 642 B Dy , KOTOpaSI SICHO J:leMOHCTpll-

pyeT CllnbHOe OTKnOHeHlle OT q>OpMyn_i,1 (11) -(cM. p11c. 2a). BKnIO'leH11e B 

q>opMyny ( 10) qneHa .. B [ I( I +I>] 
2 

TaKlKe He i:1aeT cornac11si c sKcne

p11MeHTOM (cM. p11c. 2a). Eop II MoTenbCOH /11 / npei:1nolK11n11 BKnio'IIITb B 

q>OpMyny ):In SI npa!llaTenbHOH 3Hepr1111 ( 10) i:1ononH11TenbHbII!. 'lneH ( C K0HCTaH

TOH A k ) 

(-1) I +K 
(I +Kl! 

(1-K)! 
A K 

TaKaSI q>_OpMyna C TpeMSI napaMeTpaMH YJ:IOBneTBOPHTenbHO ODIICbJBaeT 3KCne

p11MeHT (cM. p11c. 26). Ha ~IIC. 2B i,p11BeJ:1eHbl peaynbTaTbl H!3WIIX pac'leTOB 

no q>OpMyne (6) C 11CllOnb30B8HlleM OJ:IHOro napaMeTpa. 3Kcnep11MeHTanbHOe 

noaei:1eHHe f ( I) nyqwe ncero BOCnpOll3B0J:IIITCSI ):lnSI 6onbWIIX 3Ha'1eH111!. 

cn11H0B. .llm1 ManbIX 3Ha'leHHH cn11H0B f (I) c11nbHO 38BHCIIT OT Ben11q11~ 

t2 
Hbl TT" • BroMOJKHO, 3TO CBSl3aHO C TeM, 'ITO i:1nsi ManblX 3Ha'leHHH 

y'leT sq>q>eKTOB napHblX B3allMOJ:1e
0

1!.CTBIIH 6onee BalKeH, 'leM J:lnSI 6om,w11x 3Ha

'leH111!. cn11HOB (cM. Hanp11Mep, /121). B 6yi:1ymeM 6yi:1eT npOBe):leHO .11ccnei:10-

BaHHe sToro aonpoca. 

EcnH C0CT0S!Hlle C K=l/2 CllnbHO B3aHM0J:1eilCTByeT C COCTOSIHHeM, 

HMeIO!llllM K=3/2 
I 2 

' TO aenH'IHHa -~- ( CaK) (nonHbJe npHMeCH) CHnb-
JG'K'o 

HO q>nIOKTyHpyeT BHYTPH poTaUHOHHOI!. nonoc_bl. TaKoll cny'lal!. noKa3aH Ha 

p11c. 3a;_ ri:1e J:18Ha 38BHCHM!JCTb nonHblX npH-Mecell B poTaUHOHHOH nonoco, oc-

HOB8HHOH Ha COCTOSIHIIH I/2 +(660 ] OT nonHoro yrnoaoro M0MeHTa I• 
J 

Kori:1a I+ 1/2 - 'leTHoe, To nonHhie np11MecH 6onbwHe (20-40% ) , a rrpH 

8 

I 
1 
l ; 
j 

·r 

I 

·1+1/2 He'leTHOM nonHble np11MeCH 3Ha'IHTenbHO Me!Ihwe (3-9% ). TaKaSI 

cnolKHaSI CTPYKTypa poTaUHOHHblX COCTOSIHIII!. npllBOJ:IIIT K CllnhHOMY H3MeHe

HIIIO napaMeTpa pa3BSl3bIBaHIISI a (I) -• Ha ;PIIC. 36 noKa3aHa 3aBIICHMOCTb 

a (I) OT nonHoro_yrnoaoro MOMeHTa -_ ' • OTKnoHeHIISI OT OJ:IHO'laCTH'I-

aoro 3Ha'leHHSI napaMeTpa pa3BSI3bIBaHHSI rrponopu·HoHaiibHbI B cpei:1HeM aenH

'IHHe rronHOH npHMeCH H paan11'1Hbl no 3HaKy. Ha p11c. 3B IIOKa3aHbl 3Hepr1111 

3TOH poTaUIIOHHOH rronOCbl, pacc'111TaHHbie no qiopMynaM (6) II (10) COOT

BeTCTBeHHO. napaMeTpbl B q>OpMyne (10) 6binll BbI6paHbl TaK, 'IT06bl COBrra

J:1an11 3Hepr11H Tpex HlllKal!.w11x ypOBHel!. poTaUIIOHHOI!. nonoCbl. ,BIIJ:IHO, 'IT? 

3Hepr1111 poTaUIIOHHblX COCTOSIHIIH I =5/ 2 11 I a 7 /2 c11nbHO OTnll'laIOT-

CSI (30-70% ). 

.llpyrol!. cny'lal!., Kori:1a OJ:IHO'laCTll'IHblH rrapaMeTp pa3BSl3b!B8HIISI Man, 

II0Ka3aH Ha p11c. 4. XoTSI poTaUII0HHaSI rronoca, 0CH0BaHHaSI Ha COCTOSIHIIII 

+ - . ) 
I/2 (400]1 H0p_ManbHaSI (B CMbICne nocnei:10BaTenbH0CTII CllllH0B B rronoce j na-

paMeTp pa3BSl3bIBaHIISI a (I ) CllnbH0 38BIICIIT OT I ( p11c. 46). .llnSI 

poTaUII0HH0ro C0CT0SIHIISI I= 7/2 - napaMeTp pa3BSl3b)BaHIISI MeHSieT 3H8K 

(KaK II i:1nS1 rronocbI, -~H0BaHH0il Ha coc-ro-;H1111 I/2+[660] ). 

K - C0lKaneHIIIO, II0Ka HeT HaJ:lelKHblX 3KCrrep11MeHTanbHblX ):laHHblX 06 3TIIX -

C0CT0SIHIISIX B peJ:IK03eMenbHblX SIJ:lpax. O6pa60TKa TaKIIX poTaUIIOHHhlX rronoc 

BC paMKaX TeopllH B03MY!lleHIISI ( q>OpMyna 10) M0JKeT rrpllB0J:IIITb K 3Ha'leHII-

SIM M0MeHT0B IIHepu1111 H napaMeTp0B pa3BSl3b1BaH11S1, C0BepweHH0 0Tnll'IHblM 

OT npeJ:ICKa3bIBaeMblX OJ:IH0'laCTll'IHblMII M0):lenSIMII. Eonee Toro, 3TII napaMeT

pbl MoryT CHnhH0 3aBIICeTb OT Toro, KSKlle yp0BHH BpamaTenbHOI!. non0Cbl 

6binll HCnonb30BaHbl B pac'leTax. 

4. K - aanpemeHHbie _npouecCbl II npaa11na IIHTeHCHBHOCTel!. 

nepexoi:10B 

3Kcnep11MeHTanhHO o6Hapy)!{eHHble f3 -pacnaJ:lbI c Afe~2 /13,14,15/ 

E .>. -nepeX0J:lbl C i\K l>A /16/ II 0TKnoHeHHSI OT npaa11n IIHTeHCIIBHOCTeii 

nepeX0J:10B (npaa11n Anara),. CBIIJ:leTenbCTBYIOT O TOM, 'IT0 K He S!BnSieTCSI 

T0'IHblM KBaHT0BblM 'IIICnoM. PaCCMOTpllM HeKOT0pble rrp11Mepbl TaKIIX npo

ueccoB, 11cnonb3YSI B0nH0Bbie qiyHKUIIII, nony'leHHbJe B peaynbTaTe i:111ar0Ha

m1aau1111 B3811MOJ:18HCTBIISI KopHOnHca. 
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a) /3 .. - n e p e XO 11 bl C Ll K ~-- 2 H Ll I = O; I Hcnom,ayl! B0nH0Bble cj>yHK-

llHH (3) • llnll onepaTopa raM0B-TennepoBCK0I'O /3 - nepexo.ita H3 COCT0SIHHll 

I I .• a 10 K 10 B. coCT0SIHHe I- f , a to , K ,o ( a 10 , K10 11 a,!O , 

K,o .-np116nn:lKeHHble KBaHT0Bble 'IHCna H8'18l'n,Horo H K0He'IH0I'O C0CT0SI

HHil: nepexo11a), nony11HM Bbipa:lKeHHe: 

➔ 2 
·j<'P0

1
M

1 
;a,oK,o lj.Sj'P 0

1
M

1
;a

10
K

10
)> 1· 

I . .., I I If , I . , . , , , .. I . l 2 
• . .;;, C . C , ,< I 1 1 K K - K I t K >.< a K S a K > , 

aK aK a K (12) 
ak' 

.... 
r11e < a ' K ' I s I a K > · - 011Ho11acTH'IHblil MaTpH'IHbiil aneMeHT /3 - nepexo-

11a, Bb1pa:lKeHHe 11nll KOT0poro 11aH0 B pa60Te 1171• MaTpH'IHblil aneMeHT 
. .. . 2 

l<S > I no.it'IHHl!eTCll cne11yromHM npaannaM oT6opa no K: 
't 

0 S:. I k ro - K 10 I ~ 
I I +I t 

2 
.. 

~ (IS) 

PaCCMOTpHM yMeHb_WeHHe CK0p0CTH K - aanpemeaaoro /3 - pacna-11a 

OTH0CHTenbHO cKopocTn paapeweaaoro aeaa.tliap:lKaaaoro Caul /3 - pacnana. 

TaKne K - aarrpemeHHbie /3 - rrepexonb1. aKcrrepnMeµ:Tan&ao aa6nronaroTcl! 
159 _ . 159 

npn pacrra11e Ho(7/2 7/2 (523]) Ha p0Ta1111oaayro rronocy Dy (6aancHbie 

cocTol!Hl!e 3/2-· [ 521 ] ) /13/. Aaanorn'IHbie K - aarrpemeHHbie /3 - rre-

pexo.itbI Ha6nroneHbI npn pacna11e 
161

Ho ➔ 161
Dy 1141• B o6onx cny11al!x Ha6-

nro11aeTCll au /3 -rrepeX0/lbl 7/2-7/2(523] ➔5/2-5/2[523] c. fogft =4,4 :!:: 0,3 n 

5,0 11nll pacna11a 159 Ho 
H 

161 Ho 
C00TB8TCTB8HH0, K - aarrpemeHHble 

/3 - nepeX0llbl HllyT 

nonocb1 1-'3/2 [ 521 ] 

Ha COCTOlIHH.ll 5/2 1;2-

llllll 

H 9/2 -- p0T811H0HH0il 

/3 - nepexonoa Ha· 

8TH C0CT0l!HHll H an 
I 

2 ,6 : O·,S npn pacna11e 

, p 83H0CTb fog ft 

/3 -nepexona cocTaanlleT <.2,7 ± 0,3; .<- 2,7 :!:.. 0,3; 
lfi9 169 , 

Ho ➔ Dy ( acj>4,eKTbl napHblX K0ppemrunil y11- . 

TeHbl B STHX Oll8HKax). TeopeT11'leCKl!e pac11eTbl llllll STHX ·cny11aeB llSIOT 

3HS'l8HHll 2; 2,3 II 3,3 C00TB8TCTB8HH0 npn 3HS'l8HHH napaMeTpa t 2
/2J=llKaB 

(aTO 3HS'leHHe napaMeTpa oa:eHeHO HS 0CH0BSHHH cpaBH8HHll SKCilepnMeHTam,-

10 

. I 

I 
:l i 
' 
1:i 

f 
J 
t 
)l 

f 
~ 
11 
I 
IK 

~ 

l I , 
. I ·~, 
t 
~ 

·:r 
1· 

1· 
r 
l 
I 

i 
II, 
)11' 

1; 
! 

Hb!X H pac'leTHblX 3H8'18HHil aaeprHil poTallHOHHOil nonocbl, 0CHOB8HH0il Ha 

COCTOllHHH 3/2 (521], 

aacenlleTCl! Tom,Ko coCTOSIHHe 7/2-3/2(521] 
. . B pacna11e 

161 Ho 
B 

161 
Dy , npH'l8M ~(fog ft ) SKC~. =1,9. TeopeTH'l8CKSll 0118HKa ST0I'0 pac-

na11a npH 3HS'l8HHII napaMeTpa t, 2 
/ 2 J =l l KSB 11aeT Ll(fog ft ) feop. =2,0. 

OTMeTHM, 'IT0 npH He6om,w11x aapua11nSIX napaMeTpa t 2 
/2J , ~( fog ft l Teop. 

159 161 
M8Hll8TCll 0'leHb cna6o B cny11ae Ho H Ho 

IloKa He npe11CTaBnlleTCl! B03M0:lKH0CTH Bbl'IHCnl!Tb a6conroTHble aaa11e-

HHll fog ft K - aanpemeHHbIX /3 - nepexo11oa 6ea f'leTa nongpnaa11n0Hab1x 

acp4,eKTOB 118, 191• 

6) E ,\ -nepeXOllbl H H3M8H8HH8 npaBHn HHT8HCHBH0CTeil 

n e p e X 0ll OB. Hcnoll!>3Yll B0nH0Bbie cj>yHKIIHH (3 ), nony'IHM Bblp8:lK8HH8 llllll 

npHB8118HHOil Bepol!THOCTH E ,\ - nepexo11oa: 

B(E.\;I 1a 10 K10 ➔ i',aroKro l=B
8
P(E.\;I

1
a 10 K10 ➔ I,aro K,o ),. 

1 1' I f , . • , . , , A . 
.J ~ CaKCak'<I/KK -K II 1 K ><a K Ir ~,.laK> 

k'l' k 10; k ,{, k f0 't" 

[ a{,a !O ;a pa ro ] • I+ __ .,:::_ __ ....:..c. ____________________ • 

(14) 
2 

.<I.\K K -K Ii K ><aoK Ir,\ Y, la K > 
I 10 t 0 10 t f() f f() "µ 10 10 

rne B ap ( E ,\; I I a 10 K 10 ➔ I f 11 ro K ro ) -0llH0'ISCTH'IHSll npHBe-

ll8HHSll Bep0l!THOCTb E ,\ - rrepexo.ita ( CM, pa6oTy 1201 ), 

BnnHHl!e apameHHll Ha E ,\ - nepeX0llbl o6ycnaB.!IHBS8TCll BT0pb!M 11ne-

H0M B cjlopMyne (14), KOT.0pblil M0:lKeT npHHHMSTb KSK non0:lKHT8nl,Hbie, TaK 

.II 0TPHU8Ten&Hb18 3HS'leHHll H nonHOCTblO 38BHCHT OT 11eTanea Ol1HO'laci11q-
. . . . I 

H0I'0 nonll l!llpa H B8llH'IHH 0TH0CHT8nl,HblX rrpHMecea C a K • BHA cJioPMY-

nbl ' ( l 4) aaanorn11ea nonf'leHHofi B pa6oTe 1211,· rne paccMaTpnaanoc& BnHll

ane B3SHMOlleilCTBHll BpameHHH .H BHyTpeaaero llBH:lK8HHll Ha EI - nepeX0llbl 

B nepB0M Il0PllllK8 Teopnn B0MYW8HHll. 

Llnll npnMepa paCCM0TpHM EI. - nepeX0/lbl C ~K =l B 157 Gd 

H3 C0CT0llHHll 5/2 + 5/2+ (642 ] • Ha poTaI1110HHbl8 C0CT0llHHll 
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3/2-, 5/2-·3/2(521] • 1IecneHHbl8 3Ha'i8HHSI npHB8L18HHbllt BepOSITHOCTell no cjlop

MYne (14) paBHbl! 

+ - + . -
B(E 1 )i 5/2 5/2 ➔ 3/2 3/2) = 0,26 B •P (El; 5/2 5/2 ➔ 3/2 3/2 ) ) 

(15) 

B(El;5/2 +5/2 ➔5/2°73/2)=12,5 B (E1;5/2+5/2 ➔ 5/2-3/2 ), 
ap 

<l>aKTOpbl 3anpeTa F = 
B ( E,\ l. Teop. 

B ( E,\) 3KCn. 
6ea y'ieTa B3aHMOL1eltCTBHSI Ko-

pHOnHCa npHHHMaIDT 3Ha'ieHHSI 

F (5/2 + ➔ 3/2 - ) .. 85, 
• P. 

F ;, P ( 5/2 + ➔ 5/2 - ) = 2 , 

T.e. CHnbHO oTnH'iaIDTCSI LlPYI' OT L1pyra (;. a 40 paa). STO paanH'iHe Henb• 

3SI o6'bSICHHTb scjJcjleKTaMH napHbllt KOppenSIUHll. Y'ieT B3aHMOL18llCTBHSI Kopao

naca npHBOAHT K cneLtyromeMY OTHOW8HHro npHB8Ll8HHbllt aepoSITHOCTell: 

B ( E i; 5/2 + 5/2 ➔ 3/2 - 3/2 )i B (E 1 ; 5/2 + 5/2 ➔ 5/2 -3/2) ,. 0,047 11 , (18) 

'iTO xopomo cornacyeTCSI C 3KcnepHM8HTanbHblM OTHOW8HH8M 0,053:1 1221. 

OTM8THM, 'iTO 3TH OTHOW8HHSI B TeOpHH cna6o M8HSIIDTCSI npH ne60nbll1Hlt 

+2 -
napaaUHSIX napaMeTpa h /2J ,'HO CHnbHO aaBHCSIT OT LteTanell OllHO'iaC-

TH'iHOll cxeMbl H 3Ha'i8HHSI napaMeTpa LtecjlopMaUHH, a, cneL10BaTenbHO, MOryT 

CHnbHO paana'iaTbCSI L18lK8 L1nS1 COC8L1HHX SIL18p. HanpHMep, L1nS1 TOI'O lK8 ne-

peXOLla B 1~9 Gd 3KCnepHM8HTanbHbl8 OTHOW8HHSI (18) paBHbl 0,139:1 1231 •. 

HaKoHeU, OTM8THM, '{TO B3aHMOL18l!CTBH8 KopaonHCa cna6o BnHSl8T Ha 

E ,\ - nepeXOLlbl c 6 K = 0. 

B paMKaX pa3BHBaeMOll CX8Mbl B03MOJKHO OU8HHBaTb aepOSITHOCTH K -

aanpemeHHblX y - nepeXOLlOB. 

12 

I 

5 3aKnID'i8HH8 

IlpeL1nOlK8Ha cxeMa yqeTa B38HMOL1eilCTBHSI KopaonHCa nyTeM TO'iHOil , 
LlHaI'OHanH3aUHH ero Ha 6aaace L1ecjlopMHpOBaHHOI'O noTeHUHana CaKCOHa-Byll-

ca. nony'ieHHbi8 peaynbTaTbl MOI'YT 6b!Tb acnonb30BaHbl B LtanhHellweM Ltn!I 

peweHHSI aaLta'i C BKnroqeHH8M napHb!X KOppenSIUHll, L1anbHOL18ilCTBYIDIUHX oc

TaTO'{HblX B3aHMOLteilCTBHil H T.Ll. QqeBHLlHO, TaKOH noL1XOL1 6onee Bb!I'OL18H 

TaM, I'Lte aaaaMoLtelicTBHe oL1HoqacTaq9oro H BpamaTenbHoro LlBHlKeHHil S1B

nS1eTCS1 canbHblM. 

ABTOpbi HaL1e10T(;S1, '{TO TaKoll IIOLlXOLl n03BOnHT OIIHCaTb BpamaTenbHble 

nonOCbl C OllHHM 3H8'i8HH8M rrapaMeTpOB H, cneLtOBaTenbHO, OTK83aTbCSI OT 

HCIIOnb30BaHHSI MHOI'OrrapaMeTpHqecKHX cjleHOMeHonorHqeCKHX cjlopMyn. QqeBHLl

HO, L1nS1 3TOI'O Heo6XOL1HMO BKnroqeHae rrapHblX KOppenSIUHH B paCCMaTpHBae

Myro CXeMy, '{TO H 6yL1eT rrpoBeneHO B L18nbHefiweM. 

'IHcneHHbie pacqeTbl IIOKaaanH, "<ITO KOI'Lla B3aHMOL18ilCTBH8 OllHO'iaCTH'i

HOI'O H BpamaTenbHOro LlBHlK8HHH CTaHOBHTCSI CHnbHblM, TO 06bI'iHbl8 cjleHo

MeHonoraqecKHe cjlopMynbl L1nS1 3HeprHll BpaIUaTenbHOH rronOCbl MoryT IIPHBO

LlHTb K HenpaBHnbHb!M peaynbTaTaM, B 'iaCTHOCTH, Ltnll 3Ha'i8HHSI napaMeTpa 

pa3BSl3b!BaHHSI. 

IlpOB8L18HHhl8 OUeHKH BepOSITHOCTefi K - aarrpemeHHblX {3 - rrepeXOLlOB 

H OTKnoHeHHe OT rrpaBHn HHT8HCHBHOCTeil E,\ -rrepeXOLlOB xopowo cornacy

IDTCSI C 3KCll8pHM8HTanbHblMH LtaHllblMH. 

B aaKnroqeHHe 8BT0pbl BbipalKaroT 6naroL1apHOCTb H. 11. ITSITOBY aa 110-

CTaHOBKY 3aLta'IH, IIOMO!Ub H rrone3Hbl8 06cylKL18HHS1, B. r. ConOBbeBy aa HH

Tepec K pa6oTe, <I>. A. _rapeeBy aa rroneaHbie 06cylKL1eHHS1 H rroM_OIUb, 

B. A. EoaL1apeHKO aa IIOMO!Ub IIPH. o6pa60TKe 3KCnepHM8HT8nbHblX Ll8HHblX 

H 11. M. IlaBnaqeHKOBy aa HHTepeCHbte 06cylKL18HHS1. 
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PyKOilHCb IlOCTYnHna B 'H3AaTenbCKHll OTAen 

26 HOSI6psi .1968 roAa, 

Ta6nmxa 1. 

3H8'10HHSI napaMeTpa i 2 
/2J H. napaMeTpa pa3BSl3blBBHHSl1 nony'leHHble U:3 

cpaBHeHU:SI aaeprHll POTBUHOHHblX nonce 

HApO 

I65Ho 

I63Dy 

I69Tm 

· I67Er 

I69Yb 

I65Ho 

1
17

K[NNzA] 

112-112 [_523] 

5/2-5/2 (523] 

3/2!3/2 [4I:(I 

7 ;2+7 ;2 (.6331 

I/2~1/2 [52i] 

I/2+I/2(4II) 

lfa if>opMym1 ( 10) 

2 
t. /2 J 

I0,52 

I0,71 

I2,6 

B,BI 
II,7I 

I2,23 

'a 

0,789 

-0,461 

To'IHOe pemeau:e 

t, /2J 

9,8 

.I0,0 

12,4 

a,o 
I5 

IJ,O. 

a (I t 

2-,3 

-0,82 

• Bwqu:cneaaoe 3HB'leHue napaMeTpa paaBSI3bIBBHHSI •no if>-ne ( 9). 
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Ta6m111a 2 

A Mnn11TyllbI C 1 
aK 

COCT051Hllfi, 11a1011111x BKna11 B BOnHoByIO <pyHKUIIIO 'P( IM, no Ko) 

11ng npoTOHHOfi Bpa111aTenbHofi nonocbl 1;2+ [633] np11 t 2/2J =8 K9B 

IK[NN.A] l/2 {660] 3/2 &02] 5/2 [642] 7/2 [633] 19/2 [624] 
t'a., 

II/2[615] 

7/2 7/2+ [633] 0,0025 0,0092 0,0861 0,9960 

9/2 0,0044 0,0335 0,1745 0,9799 -:-0, 0901 

II/2 0,0225 0,0573 0,22II 0,9641 -0, 1336 -o 
... 
Cl IJ/2 0,OI00 0,0724 0,2673 0,9455 -0, 1707 0,0069 

15/2 -0, II90 0,0426 0,2971 0,9240 -0,2046 0,OI06 

,;;;;;,. - - ?:m:::: .~ - • --zm -- F%i 

,, 
0 0 0 .. ,. 

l l • 

.::::. ., 
:; 

::: 

-_, 

.,,,,. 
.... " 



.. 
I 

-l'I 
I.? 
i,: 

'.J 

.-
+ .+ 

.. 

8 

6 

8 

7 

6 I-

.l 
7 

6 

. 2 
EO)-AI( I+ I)+ B [IO+l)J 

(al 

·-,. l+k U+kl! 
E(I) aAl(I +I)+ B[J(I +ni-. + (-ll ---A 

0-k)! k 

(0) 

0 

0 
(B) 

10 20 30 40 so 60 

Pac.2. 3aBHCHMOCTb 
EO+Il-E(I) 

OT (1+1)
2 

70 

~-5,7K3B 

2B-4•I0-2 ll:3B 

A-6,l r1!1 
-• 

2B-1,s.10 11:3B 

A-6,S 

B-0 

A-s,a 11:3B 

2e .a,s. ,o.,.•. :s:aif 
-•, 

A 5 sZ 0 IO Xfl 

. 80 U+Ii
2 

nna pOTSQHOHHOA "nono-
2(11"1) 

Cbl 5/2 +c642 J B 
1 1

Dy • KpylKO'IKH - 9KCllepaMeHT, a) H fH -
<f>eHOM0HOnoruqecxoe OllHC8HH0 .c llBfMSI H Tp0MSI napaMe,Tp8MH COOT

BeTCTBeHHO, a) - TeopeTa·•rnCKHe pacqeThI npa ·· t 2 /2 J "'6,3 urn. 
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I , I 

"-
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u 

" 
40 

30 

20 

- 0 0 -~ 1"-1 ........... 10 -~ 

JO 

-2 

600 

500 

iii 
~ 

~ 

~ e 
400 

"' 
I 

;;; 300 

200 

l00 

1/2 

I\ 
I \ 

3/2 

I\ 
I\ 

i' I \ 
-- • 6,75 KSB 
2J I \ 

I \ 
I \ 

a•I0.9 

I \ 
I \ 
I \ 

I \ 

(al 

(~) 

I \ 
I \ 
I \ 

/ . 1 

5/2 7/2 9/2 

PHc.3. HeATpOBHble COCTOHHHSI 1/2 + [ 660] 

CnnoWHble nHHHR - TeopeTH"lec1tue pacqeTl>I npa t 1 /2J •9 xas 

a) DOIIHblX npHMeceA; (5) napaMe:rpa pa3BSl3blBSHRSI a(I): 
n) aHeprHH poTiEluuoeaoa nonochl. 
nyeKTHpHbI8 IIRHUH: 

6) 0D.H0'laCTH'IH0e 3Ha11eeue napaMeTpa pa3BJ13bJBSHHH; e) seepraa 
POT8IlHOHHOA nonoCbr, Bbl'IHClI8HHble no <fiopMyne (JO). 
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20 
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