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, Ill · 
B 0030pHOM .llOKlla.D,e 1 IIOCBSHUeHHOM CBOllCTB8M .llecpopMIIpOD81UihiX SJ.llep B 00ll8CTJI 

· N d- 0 S 1 Mhi npHBenH B<;:e .ll8HHhre o B036y:m:.lleHHbiX cocTOHHHnx a TUX SJ.llep 1 !{OTO.phre 

JI_MenHCh K l,ff,l958 I'O.llB., 

8TH .ll8HHhre MoryT 6hiTh BKpaTue cyMMHpoBaHbi cne.llyroutHM o6pa3oM, no"'TH no scex 
) 

.lle<iJopMHpOBaHHbiX ·SI.llp8X 1 K8K C ."'e'l'HbiM, T8K If C He"'eTHhiM . jJ 1 H80niO.ll8eTCSl pOT8Ulf0HH8SJ 

nonocal CBS'I38HH8SJ c OCHOBHhiM COCTOSJHHeM SI.llpa. n OMIIMO Hee' li3BeCTIIO MHOro .llPYI'HX . 

B030Ylli..lleHHhiX COCTOS'IHifll, 0.llH8K0 1 TOllhKO B O"'eHh HeMHOI'IIX Clly"'8HX Y.ll8B8ll0Ch cpe.llll ,. 

9THX B036y:m:.ll eHHhiX COC~OSIHHll Bhl.ll e~HTh eme O.llHY pOT8UHOHHYIO. IIOliOCy; T8K 1 HaiipiiMep 1 

·. . 17'\ 160 1.1 182 . ' . 
TOll.hKO B .llBYX SI.llp8X 1 • wy H W 1 Oblll8 o6aapy:m:eua pOT8UHOHH8H IIOliOC8 1 COCTOHIU8SI 

H3 Tpex ypoBHefi co cmmaMH.2 1 3 1·4, B rrepBOM H.llpe oua·ocuonarHl ua ypoBHe c J{ =2+ 1 

BO BTOpOM - · Ha ypOBHe "Ji. = 2-, B HeCKOllhKHX SI.llpax H80liiO.llBllllCh. rraphl ypODHeii 1 ll3 KO­

TOpbiX 6onee BhiCOKHfi MO:m:Ho 6hmo HHTenpeTnpoBaTh~ KaK nepBhrii poTaUHOHHLifi yponeuh, B H.ll­

pax c ueqeTHhiM Jl 1 rrono:m:eHrie 6bmo HecKOllhKO nyqwe 1 6nai"O.llapH aHalrH3y 1 rrpoBe.ll eirm'>My 

121 
B· 

Melli..llY TeM Bhi.llelleHHe pOT8UHOHHbiX IIOliOC KpafiHe B8)KHO; B H.llpax C "'~HhiM 11· OHO 

II03BOliSleT BbiSJCHHTh XapaKTep yp~BHH, Ha KOTOpOM. aT~ ~OliOChi OCIIOB8Hbi IHaiip, ~ -:" Hlll~ '}(.­
BHOp8UHOH!Ibie yp~BHH/, · B H.llpax c .. He"'eTHhiM 1i aTH. rronochr no3B.OliHIOT Dhi.llensrT& c .llOCTaToq­

HOfi yBepeHHOCThiO Te. ypODHH 1 KOTOpbie .llOlJ)KHbi B .ll8llhHefiweM CpaBHHB8ThCH C .llll8I'paM­

MOfi Hnnb~oHa, 

. Ill· 121 
J.1 CXO.llH H3 aTOI'O· Mhi .llOIIOliHHliH MaTepuan, npHBe.lleHHhifi B o63ope n pa6oTe 1 

HOBhiMH .ll8HHhiMH If 38HOBO nepeCMOTpellll MHOI'He CXeMbi paCII8.ll8 .lle<iJopMHpOB8H!IhiX H.llep; 

HMeH CDOefi 38.ll8"'efi Bhl.lle~eHHe pOT8UHOHHhlX ypOBHefi H llHTeprrpeT~UHIO O.llHO"'8CTH"'!IhlX 
" . - ' ' . . '' - ~ 

ypOBHefi B paMK8X .llii8I'p8MMhi.HHllhCOH8, 0Ka38ll0Ch 1 'ITO y:m:e Tenepb 1 IIpli .llOBOllhHO CKY.ll-. 

HOM 9KCIIepnMeHT8llbHOM M8TepHane, Bhi.llelleHHe pOT8UIIOHHhiX ypoBHefi Y.llaeTCH C.llellaTb DO 

MHOI'HX Clly"'aHX .ll0CT8TO"'HO 'yBepeHJIO, 

rlpH o6cy:m:.lle!IHH KOHKpeTHbiX CXeM B036y:m:.lleH!IbiX ypOBHeil: H.llep Mhi 5y.lleM OCTa­

H8BllllB8ThCH TOllbKO Ha T8KHX ypOBHHX Hllll CX9M8X 1 koTOphle .llO CIIX riop B liHTepaType He 

HHTeprrpeTHpOB8liHCh HliH HHTerrpeTHpOBamiCh He T8K 1 .KaK B HaCTOStiUefi pa6oTe, 

. 
AH8liH3 CXeM ypOBHefi He"'eTHbiX ~.llep 1 KOTOpbie Mhi IIpliBO.llHM 6e3 .o6cy:m:.lleHHH 1 'Ill~ 

. /2/ ' 
TaTellb MOlli.eT HafiTH B OpHrHH8llhHhiX pa60T8X llllll B pa6oTe , B. "'eTHhiX H.llp8X C {/ > 222 

38 HCT9KWllll I'O.ll IIO"'TH He OhiliH OOHapy:m:eHbi HOBbie B036y:m:.lleHHbie. COCTOHHHSI l3a ltCKl!IO-. 

qeHHeM ypOBHefi HH)KH9ll 

9THX SI.llep IIpUBe.lleHbi B 

pOT8UHOHHOii IIOliOCbi /, n OCKOllhKY IIOCll e.llOB8T9llhHOCTH 

/3/ " . . . . 
, B H8CTOHllleH pa6oTe Mhi liX He IIpHBO.llHM, 

. ypOBHeit 

Ill 
BOllbWHHCTBO HOBhiX 9KCIIepHMeHT8llhHhiX .ll8HHhlX 1 He BOWe.llWHX B II HCIIOllh30-, 

. '. . 121 141 ' . 
B8HHbiX B H8CTOHIU9ll pa6oTe 1 IIpHBe.lleHbi .B pa60T8X H · 1 I'Ae "'HTaTellh H8ii.lleT cpaMH-
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Jliiif aBTOpOB, CneuifaJibHbie CC_blJlKif OTHOCSITCSI TOJlbKO K .aKcnepiiMeHTaJibHblM ,llaHHbiM1 He 

/1 2 3 4/ 
npuBe,neHHhiM B 1 1 . 1 

§ 2, Bo36ym.neHHhie COCTOSIHIISI · B nei"KIIX SI,npax C 1/ ~ 24 

Ha puc.l If306pameHa iiocne,noBaTenbHOCTb B036ym.ue'HHhiX cocTOSIHIIH B pSI,ne nerKIIX 

g,nep, PoTaUIIOHHbie. IIOJIOCbl CMeweHbi .llPYI" OTHOCIITeJibHO ,npyi"a B ropi130HTaJibHOM HanpaB~ 
. ·M 24 M 25 lif 25 

'neHIIIf. nocne.noBaTeJibHOCTif ypOBHeH .. ~ I ~ H 31 yme .o6cym.uaniiCb B Jill~ 

Tepa Type. nocKon~Ky MO}K~O 6hinO O}Kif,UaTbl. •iTo If M£126 
SIBJISIIOTCSI .uecpopMIIpOBaHHbiM g,n-

. . ~ . ro; 
poM1 HaMil c.nenaHa nonhiTKa IfHTenpeTapoBaTb. ei'O If3BeCTHhre B036ym.neHHbie ypoBHif • YpoB-

\ HII. IIpiiiiHCaHhl pa3JIIf'IHblM pOTaUIIOHHblM IIOJIOCaM TOJlbKO Ha OCHOBaHIIII 9HepreTif'leCKIIX C006pa-

meHJti!:1. TaK Kl:l.K IIO'ITH HHKaKHX ,naHHbiX 0 CIIHHaX H qeTHOCTUBbiCOKIIX ypOBHefi If KaKHX-nH60 

r -nepexo,nax Mem,ny HIIMH HeT, 'J'eM He MeHee JII060IIbiTHO OTMeTHTb1 'ITO IIO'ITH ·Bee· 
. . 26. 

If3~ecTHhie ypoBHif M~ 1 BnnoTb .no 9HeprHii B036ym.neHHSI 8-9 M 9B /3a IfCKJIIO'IeHifeM. 

2 ypOBHeil:/ 1 MO}KHO IlpHIIIICaTb HeCKOJlbK HM poTaUIIOHHblM IIOJlOCaM C 6JIH3KHMH IIO BeJIH'IHHe 

MOMeHTaMif IfHepuun: 1 npuqeM B 3-x nonocax co.nepmuTcg no 3 ypoBHSI. Bo3MOmHoCTb HHTep-

M 24 
npeTIIpOBaTb TaKHe BhiCOKHe ypoBHif /BIIJlOTb .no 9Hepi"HH B036ym.neHIISI 8-9 MaB/ B . a 

M 26 ' . . . 4 .. 
H 9 _1 KaK poTaUHOHHbie1 ·SIBJI~eTCSI C TO'IKII 3peHHSI ~OBpeMeHHhiX II~e.llCTaBneHHH 0 CTpyK-

Type g,npa HecKOJibKO Heomn:.naH.HOii 1 H.6o Tpy,nHo 6bmo omH,naTb1 'ITO npn: TaKIIX 6onbWIIX 

9Hepi"HSIX B036ym,neHIISI BpawaTeJibHOe .llBH}KeHHe SI,npa MO}KHO OT,lleJIHTb OT .llPYI"IIX ~H.llOB . 

.ll BH }K eHHSI, 

noaToMy npe,ncTaBJISIJla 6hi 60JlbWOH' HHTepec IIpOBepKa IIpiiHSITOH HaMil HHTepnpeTaUIIIf 

M 24 M 26 . - · . · 
, BbiCOKHX ypOBHefi .. 9 •. H · ~ . MeTO.llOM1 OCHOBbiBaiOweMCSI He TOJlbKO Ha ·aHepre:uqe-

CKHX coo6pameHHSIXI a; Hanpn:Mepl no 'KBaHTOBbiM xapaKTepn:cTIIKaM B036ym.neHHblX cocToi:r-

HIIH, 

noMIIMO M~241 Ma251 M 26 ~IJ25. . ' ' 
~ If Jl'L 1 ~ nn:TepaType1 . c TO'IKH 3peHIISI o6o6weHHoii 

.. F'· 19 N 23 ct. 29 1i o 2s 
MO.ll eJIH1 aHaJIH3IIpyiOTCSI TaKme B036ym,neHHhie COCTOSIHHSI . 1 a. 1 tJ L . 1 'JI '(, , 

M omHo noKa3aTb1 'ITo. ypoBHH Si 28 rpynnupyiOT~SI B · napb~ c n:pn:6nif3IfTenbHO o.nuHaK~BhiM 
MoMeHTOM HHep~HH /ecnn HH~epnpeTHpoBaTb BepxHue ypoBHif STHX nap KaK poTau~oH~hre/ •· 
O.nHaKo npu IfHTepnpeTaun:n: ypoBHeii B yKa3aHHbiX SI,npax Tpe6yeTcSI_npHHIIMaTb B Kam.noM cny-:-

. . . 
qae cneuuanbHhie npe.nnonomeHHSI1 n: noaToMy TaKaS! IfHTepnpeTauug SIBJI_SieTCSI .uaneKo He o.nHo-

3IIa<IHoll:. BBII.llY aToro B·.HaCTOSIWeii pa6oTe ·nocne.noBaTeJibiibcTH ypoBHeii 9THX st.nep He 

II pn: BO.ll SITCSI, 

§ 3. Bo36ym.neHHhre cocTOSIHHSI qeTHhrx-qeTIIhiX g,gep B o6nacTn: Nd -Os 

Ha pn:c.2 1 2a1 261 2B If3o6pameua nocne.noBaTeJibHOCTb. B036ym.neHHhiX coCTOSIHIIH B .ue­

cpopMHpOBaHHhiX 'leTHbiX-qeTH.blX g,npax OT 5 yYl .llO, 0 5 , 
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' ' 'u C 152 
CBe.lleHIHl o nocne.lloBaTenhHOCTH ypoBHeH tJrrL aa nocne.llHHe MeCSIUbi cnnb-

. ' 161 . . 
ao HaMearmHcb, HHnhCOH, XaHceH H WenaiiH · ooHapy:rn:HnH ypoBHH c 9IIepi'He1i 683 K9B 

H · 811 K9B1 KOTOpbre, no-BII.llHMOMY, SJBnSJIOTCSJ HH:rn:HHMH ypoBHSIMH 0 + II 2 + poTaUHOHHOfi nono-
. . I . + 
Chi,· OCHOBaHHOH Ha ~. -BHOpaUIIOHHOM ypOBHe C K_, ~ 0 , 

B peaynhTaTe. npe.llnpHHSJTOI'o. HaMH nepecMoTpa HMeiOLUIIXeSJ B nnTepaType MaTepiia-. 
. + + 

noB 5bmo nO.llTBep:rn:.lleHo cymecT.eoBaHHe poTauiiOHHOI'o· ypoBHSJ 811 K9B IK = 0 ; I =Q I, 

a TaK:rn:e aa1i.ll9Hbi .HOBbie nioBHH: 1423 K9B.IK = 2+; I= 4+/ H 1670. K9B IK = 2-;!=3-1; 

no-BII.llHMoMy, eymeeTB)'eT TaK:rn:e ypoBeHb 1578 K9B, 
. . 

--· • u r 152 
0TM9THM 1 'ITO B · npUB9.ll 9HHYI0 cxeMy ypOBHeU ? m yKna.llbiBaiOTeSJ Bee HaoniO.lleH-

'' 

Hbie r ~epeXOJlbi 1 conpOBO)J{JltliOLUU9 £ -aaXBaT 13-neTH9I'O bu, 152
, 0Ha OTpa:rn:aeT 

. .· . ~ 1~ . 
TaK:rn:e Bee JlaHHbie 0 r - . '( - COBITaJl9HHSIX, B peaynbTaTe 9TOH pa5oTbi B p rn HaH-

oonee nonao, no epaBHeHHIO e llPYI'HMH 'leTHbiMU\SI.llpaMH, npe.lleTaBneHbi Bee H3BeeTHble 
. . 

TUnbi KonneKTHBHbiX B03oy:rn:Jl9HHH, B 9TOM SIJlpe npOSIBnSJIOTCSI ·4 poTaUHOHHbie rtonoebl1 npii-

'19M B .llBYX H3 HIIX ecTb ·no S ypOBHSI, 8TH 

BH5pauHOHHhiX ypoBHSIX. lypoBeHb 683 K9B; 

Ha OKTynonbHhlX BHopaUIIOHHhlX ypOBHSIX e 

/ypoBeHb 1531 KaB; I= K = 2~ I, 

nonOCbi OCHOBaHbi Ha KBa.llpynonhHbiX jJ- II r -. 
. + - . + I = K = 0 H ypOB9Hb 1087 I = K = 2 I I 

V = o /ypoBeHb 961 KaB; I= 1 1 11 · v 72 

)
- C 164 B . ..Rld 164_

1 . -pacna.lle vU :.J nOMHMO poTaUHOHHOH nonOCbr; C8SJ3aH-
. + ' 

aofi c oca08HbiM eocToSJaHeM, nosoy:rn:.llaeTeSI napa ypo8Heil: - 997 K 98 12 I H 1128 K 98 
+ + 

/3_/ - KOT_Opbie MO)KHO HHTepnpeTHp08aT·b, KaK Ha'lano pOTaUHOHHOH_nonOCbi C K =2 ,'. 8: 

ypoBeHb 997 K_a8 KaK '( "':' BHopauHOH~bi n. npoSIBnSJeTCSI TaK:rn:e ypoBeHb 1404 K9B 2-, 

KOTOpbiH MO:rn:eT ObiTb ooycnoBneH OKTynOnbHbiMH KOneoaHHSIMII C V. = 2- /He HCKniO'IeHa. 

OJlHaKO B03MO~HOCTb llPYI'OH_ HHTepnpeTaUHH a·TO~O ypOBHSJI, 

T t' 164 . B .Jild 154 · 
'D "J · -B030Y):(<Jl9TCSI 

. ·•. . /6/ 
K oneHI'ai'eHCK He cpii3HKH Hammi , 'ITo npH pacna.ll e 

• I . + 
ypOBHSIMII 0 j 

. + + . 
2 ; 4 1 OCHOBaHHaSJ Ha yp08H9 xopow o paa8HTaSJ poTauiiOHH,an nonoca c 

1' .. 
679 KaBI I= K = 0 I. no-BII.llHMOMy, STOT ypoBeHb MO)KHO IIHTepnpe·nrpoBaTb, KaK j; 
BHopaUIIOHHbifi, 

..Pld 156 . ../)Jd 156 . 
_ __,j::-...;~-...:· .llaHHbie 0 eneKTpe ypoBHefi . 'j BeebMa npoTHBopettii8bi, HanpHMep, r 

· ~- c 15613/. . ·r -rf156 
eneKTp COIIpOBO)J{JlaiOLUIIH .)"' -paena.ll V U . . 1 O'l9Hb He nOXO)K Ha -eneKTp 'b 

. / 4 i 6
; 7 I/, CywecTByiOT npOTIIBOpe~HSI H 8 JlaHHbiX 0 r -cneKTpe T b 156

, nony'leHHbiX 
14·6·7/ . 

pa3HbiMH aBTOpaMH 1 1 
. , npii89Jl 9HHaSI Ha pHc,2 • exeMa ypOBH9H 1 B OCHOBHOM 1 IIOCTpoeHa Ha 

T g 156 /6 7 I I . . 

JlaHHbiX. 0 r -cneKTpe v .. . I .• HapSI.llY c HH)KHefi- poTa_UIIOHHOH nonocofi, IIpOSI8nSJeTCSI 
. + . 

nonoca, OCH08aHHaH Ha. ypoBHe 1162 KaB 2 ; aToT .ypoBeHb 1 no-BH.llHMOMYi Mo:rn:eT OblTb HH-
1~ . . . . 

TepnpeTHpOBa.H 1 KaK . r -8HOpaUHOHHbiH, npH p-- paciia.lle 8 (A. 1 B C::OCTaBe O'l9Hb cno:rn:-

HOI'O r -cneKTpa, HanyttaiOTeSJ r -KB8HTbi 630 Kan; 723 KaB H 808 K98
131

• r -KaaH-
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T hi 808 KaB u 723 KaB MoryT · oTBe'laTb 
' + + 

nepexonaM c ypoBHH 808 KaB 2 Ha ypoBHn: 0 n: 
+ ~· 

2 H:H)J(Hefi nonOCbii a r - KBaHTbi 630 KaB 
' + r ~nepexo.uy c ypOBHH 720 KaB 0 Ha ypo-

B9Hb 89 KaB, r - KBaHTbi 723' KaBI a TaK)Ke' r - KBaHTbi 924 KaB 'n: 422 KaBI' conpo-
, 156 ' " . + ' 

BO)Knaromue pacnan T 'V 1 MOI"'YT 6biTb o6ycnoBneHbi· pa3pH.uKon: ypoBHH 1008 KaB - 4 , · 

+ + '+ 
Ecnn: ypoBHR 720 KaB -0 ;. 808 KaB - 2 ; 1008 - 4 1 neficTBn:TenbHO cyruec~ByroT 1 

TO OH:H COCTaBnHIOT pOTaU:HOHHylb nonocy1 OCHOBaHHYIO Ha 

-o+. 
) . ..;.Bn:6paun:oHHOM ypoBHe 720 KaB 

,..-;\ /GO /1 3/ . -
__ '"'.;._.JJ!f..__ _ _... B pa6oTax 1 ypoBeHb 1264 KaB n:a1-epnpeTupoBancH KaK. ypoBeHb TRna 3 

/K = 3-/, Bo3MO)KH0 1 onHaK0 1 'ITO ero cnn:H He 3 1 a 2. B aTOM cnyqae napy ypoBHefi 

1264 KaB 2- u 1358 KaB· 3- MO)KHO HHTepnp_eTnpoBaTb 1 KaK Ha'lano poTauuoHHOfi nonocbr·c 

K = 2- 1 ocl!oBaHHOA Ha ypoBHe 1264 KaB, Bo3MO)KH0 1 aToT ypoBeHb o6ycnoBneH oK'I'ynoni:,-

H biMH Kone6aHHHMH C ~ ,; 2, 

c 166 ·. "'- H 166 T · · c 166 . o2 • B pe3ynbTaTe J"' -pacnana o I = 27 'lac/ B c~ Bo36y:m.uaroTcsr 
'· ' ~/ 

ypoB~R 1460 KaB 0+ n: 1620 KaB 1- •. Bo3MO)KHO, 'ITO nepBbifi n:3 _ Hn:x } -Bn:6paun:oHHbiA 1 

a BTOpoA OKTynonbHbiA Bn:6paun:o;Hhifi ypOB9Hb v =01. TaK KaK CODOCTaBneHn:e :HHT9HCRBHOCTefi. 

r -nepexo.uo'B c ypo~HH 1620 K~B -~OKa3biBaeTI 'ITO .unsr Hero K '= 0. r -cneKTp I conpOBO)K,lla-
· T 166 ' /3 8/ 

romn:h pacnant m O'I9Hb 6oraT 1 • CornacHo 
166 . • . 

/8/ 1 B t'l . npn: STO~ npOHBnHIOTCSJ 

ypoBHn: 787 KaB /2+/; 861 /3+/ u 958 KaB 34+/1 KoTopbre o5pa3yiOT poTaun:oHHYIO nonocy 
' ' . ·. 160 

C K = 2+, ViHTepeCHO OTM9T:HTbj .'ITO MOM9HT HHepun:n: 9TOfi nonOCbi 1 KaK H B CJJ~ .. He-

CKOnbKO 6onbW91 '19M y nonOCbi 1 CBH3aHHOH C OCHOBHbiM COCTOHHl{9M, 

B f,t:) 166 . " 
. '-' · 9CTb TaK)Ke MHOI"'O .upyrn:x ypOBI;Ie~, 

c IU 168 · · 'r 168 ---"-t.::...........:• CneKTp ypoBHefi 82 1 B035y)K.uaromn:xcH npn: E. -pacna.ue 1.m R3y'la ncH 
/8/ ' /3 4/ ' " /8/ . 

B · • a TaK:me B pHne npyrn:x pa6oT 1c .• M hi npn:Bo~n:M cxeMy ypoBuen: n:3 • B aeii:1 aapsr-

.llY C HH)KHeii: pOTaUHOHHOii: nonocoii: 1 no-BRLJ.HMOMY1 npOHBnH9TCH poTauROHHaH nonoca1 OCHOBaH­

HaH aa ypoBiie 822 KaB 2+ 1 a TaKme aecKonbKo 5onee. BbrcoKiix ypo:Saefi~ MoMeHT n:aepun:u 
- . ' ' ·. rT'I 160 . 166 ~ . ,· ' . ' + 

.poTaun:oaaofi nonocbr c K = 2+ 1 KaK n: B VJ.JY n: &t 50JlbWe1 'leM y nonochr c K =0 • 

W": n ony'leHHbi9 B nocne.uaee Bp9MH HOBbie .llaHHbl9 0 ·w··132 /4/ 
pacnan e no3BO-

nHnH CylU 9CTB9HHO .llODOnHHTl;> CXeMy ypOBH~H 1 no CpaBH9HH IO 
11· 3/ . 

c npn:Beneuaoii: B ' , B 

aTOM Hnpe BbiHBneHbi poTauM:oHHbie ypoBan: BnnoTb no aaeprn:n:. B035ym.ueH:HH .1800 KaB, O.u­

HaKo1 9H9pl"':HSI ypoBHt9il: pa3B:HTOii poTaUHOHHOH nonOCbi C K = 2-, OTKnOHH9TCH OT 3Ha'leHHfi, 

.ll aBaeMbiX cpopMynoii: 

~ =li[Irii"i) ~K( 1-\-~"i))-rB[Ifi-ri)-K·U~-~-i));t 
YpoBHR c 5onbWHMH cnn:HaMn: - 4-; 5-;6~ aecKonbKO noHn:maro:rcH. 8To Mo:meT 5biTb 

o6ycnoBneHo Bnn:stHn:eM 6nn:;Ko pacnonomenHbiX ypoBaeii: c TeM me aHa'lenn:eM cnHHa n: ~eT-

HOCT:H 1 HO C · .llPYI"'HM 3Ha'leHH9M K, 

r 
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w I fit ~ nocne,llHHe pa6oTbi 0 r -cneKTpe Re 184141 
llO.llTB9p.llHnH 

' ' 
HOH nonOCbi C ypOBHSIMH 2+ H 3+, OCHOBaHHOH Ha r -BH6paitHOI{HO.M 

aanaqae poTanaoa­

ypoBHe 904. K SB 

I'5 = 2+ /3/ 

Os 186 
• Yiccne.llOBaHHe r ,-cneKTpa, conpOBO>K,llarowerq 'g -pac.~a.ll ':itt 186 

DbiSIBH-, 

0 186/4/ 
no ypoBHH 4+ R 6+ HR>KHeti poTait,ROHHOti nonochr S • Bonee noirahrii aaanas SKene-: MJ . . . . . . 
pHMeHTal.lbHbiX ,llaHHbiX 1 npRBe.ll eHHbiX B. 1 U03BOnRn BbiSIBHTb HOBbie ypOBHH. 910 K SD H 

1060 Ksn, o6pasyrowRe c r ...:BR6panROHHbiM 

ItROHHYIO, nonocy c ypo:BHSIMR 2+, · 3+, A+ • 

yponHeM 769 Ksn 2+ /K =2+/, pasnaiyro poTa-

. Os .,fl /4/ 
• AaanRs aKcnepRMeHT~nb~hlX .llaHHhlX 0 U03BOnRn 

BbiSIBRTb BTopoti ypoBeHb_ HR>KHeii poTaitHOHHOH nonocbr: 478 ksn 4+. Bo3MO>KHO, qTo npR 
"''188 0 188 . '' >, 

pacna.lle J't n S nos6y>K.llaiOTCSI ypoBHH 790 Ksn R 957 Ksn, OTHOCSIW~XCSI K poTa-

UROHHOfi nonoce, OCHOBaHHOA Ha r '-Im.6pauROHHOM ypoDHe 634. K SB - K = 2+; .r =2+•' 
- . ' . J r -nRHRH 1 COOTBeTCTByiOill~e nepeXO.llaM Me>K.llY 9TRMH ypOBHSIMR Ha6nroi:lant1Cb 1 0L(HaK0 1 

BBR.llY cno>KHOCTR CXeMbi pacna.l::(a TaKaS! RHTepnpeTaURSI r. -nRHRii He. COBCeM O.llH03Haqaa, 

0 190 . 
---=;..;:S::,__ •• B peaynbTaTe aaanRaa :::>KcnepHMeHTanbHhiX .llaHHhiX, co.llepmawRxcSI n nepDbiX. 

/1 3/ . 
pa60TaX · 1 

· '6btnR BbiSIBneHbi:· XOpOWO pa3BRTaSI .poTaUROHHaSI nonoca, CBSI3aHHaSI C OCHOB -
. '0 190 . . 

HbiM COCTOSIHReM ,S 1 C. ypOBHSIMR 2+; 4+; 6+; 8+; R30MepHhiii ypOB9Hb .1700 Ksn 1 0~ 1 

. 0 190 
yponeab "'· 580 K:::>a 2+,, ', .[lpyrae ypoBHR S ·. , npRDe.lleH-a TaK>Ke r -sR6paUROHHbiH 

~~ .. ' ' r ' . 
Hhre B , 6hinR BBe.lleHbi .llnSI o6MicHeHRSI aecKOnbKHX cna6hrx , -nHHRti, BhmonHewahre .B 

. . . . y-· ' . ,.., 190/4/ . . . 
nocne.llaee apeMst Rccne.llOBaHRSI o -cneKTpa, conpoBO>K.llarowero pacna.ll .J'l noKasana, 

qTo no Kpaiiaeti ~epe HeKOTOpbie H3 STR'x cria6biX. nHHRH OTCyTCTByiOT, HO BeCb y -cneKTp 

aaaqRTenbHO 6oraqe,, qeM . .llyManR 'paHbWe. 0Kasanocb B03MO>KHbiM TaK HHTepnpe.'J:'HpOBaTb 

r -cneKTp, qTo BbiSIBHnRCb ypOBHH 754 KsB R 956 KsB, o6pasyrowRe c. 'r -aa6paiiw­

o HHbiM ypOBHeM 557 Ksn poTaUROHHYIO nonocy c K = 2+ H I = 2+; 3+; 4+. 

' '0 100 ffl/ AaanorRqaaSI RHTepnpeTaURSI cneKTpa yposaeti S co,llep>KRTCSI a 

BbiBO.llbl 

CosoKynaoe paccMOTpeaRe ncex .llecpopMRpoBaHHhiX qeTHhiX SI.llep noKa3biBaeT, TaKHM 

o6pasoM, qTo annoTb .llO :::>aeprRti sos6ym.lleHRSI B .2 Maa, aa Ka>K.ll.OM ypoaae aepoTanR'oa­

aoro THna cywecTsyeT 6onee HnR Meaee pasBHTaSI poTatiROHHaSI nonoca. 

B 6onblliRHCTne cnyqaea ee oTcyTcTBRe cBSisaao nu6o c ae.llocTaTKOM :::>KcnepHM9HTanb­

HhiX L(aHHbiX 1 n1160 C OlliR6KaMR B KOHCTpyRpOBaHRR CXeM~I pacna,lla, Pa3yMeeTCSI 1 CTeneHb 

npOSIBneHHSI poTaUROHHOH nonOChl 3aBHCHT OT BenRqRHhl CUHHOB 6onee BhlCOKHX ypOBHeii 
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/nHOO ~OT, eUHHOB HeXO.llHbiX pB.llH08KTHBHbiX Sl.llep/. 

PaeeMaTpHBaSI KonneKTHBHbie ypoBHH' pa3Hbi_x· THnoB MO)!{HO aaMeTHTb ene.nyroruHe 

oeo6eHHOeTH: ' 
I ~ , 

} 
. ~ 1~ 

a/ - BH6pauHOHHbie. YPQBHH 0+ o6Hapy:>KeHbi TOilbKO B SI.npax ;1m · /683 KsB/1 
Jld 154 . ..J)Jd 156 . . 166 . 
-:11 . /679 KsB/ H1 B03MO:>KH0 1 B -':J. 1720 KaB/ H 6'2, /1462 KaB/. B KoHue 

o6naeTH 1 B qeTiJbxx SI.npax ·w. H Os TaKHe yp.oBHH 1 HeeMoTpSI- Ha TruaTenbHhie noHeKH; B 

HaeTOSIIUee BpeMSI He OOHapy:>KeHbi. np-H'IHHa STOI'O HenOHSITHa. 

/1/ . 
6/ no.nTBep:>K.naeTeSI OTMe'leHH8SI B 38BHeHMOeTb 9HeprHH r -BHOp8UHOHHblX ypoB-

Heil: OT eTeneHH lletPOPM8UHH Sl~pa. C pOeTOM . .ne<PopMaUHH a~epi'HSI r -err6paUHOHHbiX ypoB­

Hell: y,BenH"'HBaeTeSI. 

. . .. . . /1/ 
0.nHaK0 1 B oTnH'IHe oT Toro1 'ITO npe.nnonaranoeb B. 1 aTa aaBHeHMOeTb npoSIBnSieT-

eSI1 rnaBHbiM o6pa30MI npH eonoeTaBneHHH H30TOUOB e O.llHHHM H TeM :>Ke 'l /eM.H30TOUbl 

.Yd.1541 156, 62 1661 168
1 

w 182, .184, 186, Os 186, t88119o1 • 

B/_ B 4 Sl.llpax o6Hapy:>KeHbi ypoBHH THna 2-: · B ~rn 152 
/1531 KaB/1 fdd 154 

/1404 KsB/1 
fi", 160 -· . w 182 . .. . . . 
·J.J.y · /1264 KaB/, /1290 KaBI·. Bo Beex SI.npax OHH paenono:>KeHbi HeeKOiibKO 

BbiWe KB~.npyUOilbHbiX ·r -BHOp8UHOHHbiX -ypOBHell:. 8TO MO:>KeT YK83blB8Tb Ha HX KOilileKTHB­

Hblll: xapaKTep; ecnrr Obi ·OHH B03HHKanrr npH paapbiBe napbi1 .To rrx aHeprHSI 1 BepoHTHO cpnroK­

TyrrpoBana nprr nepexone oT SI.npa · K Sl.llPY aHa'IHTeilbHO eno:>KHe.e. Eenrr YP()BHH '"'2-N Konne,;·­

'rHBHble1 OHH MOI'YT OblTb o6yenoBneHbl OKTyno~bHblMH KOile08HHSIMH~C- ~ = 2> 

;:.!. 

§ 4. Boa6y:>K.neHHble eoeTOSIHHSI. He"tfeTHbiX Slnep B o6naeTH Nd- Os 

Ha pHe.3 rrao6pa:>i<eHa noene.noBaTenbHOeTb Boa6y:>K.neHHbiX ypoBHeii SI.nep e He'leTHbiM 
' • • ' • " ,· > ' ~ • • 

· N HnH l . 0.nHo'1aeTH'1Hbte ypoBHH HHTepnpeTrrpoBanrreb e TO'IKH apeHHSI .nHarpaMMb~ Hrrnb-

eoHa. 

CHatJana nprrBe.neHbi aHa"tfeHHSI enrrHa. H tJeTHoeTb ypoBHSI, a B KBa.npaTHbiX eKo6Kax aHa­

qeaHSI N 1 rt z 1 ..A.. ~21 • 'B 6onbWHHeTBe SI.nep enrrH I = .it ; B Tex enyqaSIX 1 Korna 

I ;p Jt F 223 p 231 233 N 237 . Jl /eM; 'l, 1· a 1 
1 p .I 1 3Ha'1eHHSI nprrBe.n eHbi B KBa.npaTHbiX 

eKo6Kax Bene.n aa ..A. • 

lliiSI TOI'0 1 ll:I'.Qobl \~eTb B03MO:>KHOeTb eonoeT8BiiSJTb ypOBHH He'1eTHblX Sl.llep. e O.llH-
. - ' ·. ' . . . " 

HaKOBbiM 'IHeiiOM He'JeTHbiX He~TpOHOB HiiH npoTOHOB, Bee Slppa pas.neneHbl Ha .llBe rpynnbl 

/e He'leTHbiM N H e He'leTHblM z I H paeeMaTpHBaiOTeSI oT.n enbHo. 



- 9 

. He'leTHhie N· . 
.fj ISS . 

d n " · I 1.3 I . « 12 I 
-~-=---J• OMHMO ypOBH9n 1 IlpHB9.ll9HH.biX B H OvCY>K.ll8BWHXCR B ,aHa11l{3 SKene-

- V" c 155 141 . . 
pHM9HTa11bHbiX .llaHH.biX 0 O -cneKTpe OU . n03B011H9T B.biRBHTb eme IIO KpaRHeA 

Mepe asa ypoBHH 147 Ksa H 191 Ksa, 3TH ypoeHH MoryT !S~oxT& 'H_HTepnpeTHpoeaHhi, KaK nep­

e~ore poTaUHOHHbie ypo~mH non~<:<, ~cHoeaHHhiX Ha OLtHO'Iac;H'I~loiX yp.OBHHX 87 Kse 312 + [est] 
. ]' . . . l 155 155 

H 105 Ks~ 512 +[642. npu pacnaae T'V. B '!Jd . B03tly>KaaeTCH TaK>Ke MHOrO apy-

rHX ypOBHeft, 

17\ lSI 141 '( . H 159 J..)f,f , B IIpHB9.ll9Hbl aaHHbie 0. . -cneKTpe tJ. j 'HX MO>KHO IIOM9CTHTb ·B 
. 159 . . .. ·. 

CXeMy ypOBHeft .ll0'19pHero H.llpa rpy . · '· 9C11H IIp9.llii01IO>KHTb Ha11H'IH9 pOTSUHOHHOft. Il0110Cbl 

c ypoBHHMH 0 Kae 3/2 - [ 621] ; 56 Ksa- 5/2 - H 125 Ksa- 7/2-, a TaK>Ke O.llHO'IaCTH'IHoro 

ypoBHH S05 Kae co cnHHOM. 612 ( 512- ['623) - Hmi: 512+ [ 642] ) • MoMeHT HHepuHH poTa-
. . 159 . . . 

UHOHHOA II0110Cbl B (/) y 9S np·H. STOM TaKOft >K9 1 KaK H B H.llpe C TeM >Ke H9'1eTHbiM 'IHC1IOM 
. _gjd 157 .. 

H9ATpOHOB ~~ 
93 

, 

1Jv·'61
• HaomoaaswaHCH B pacnaae Ho 161 r -nHHHH 175,4 Is, 4 I MO>KeT 

-o~peaenHT~ ypoBeHb CJ)~ 161 ~01 Kae 912-. EcnH TaKaS! HHTepnpeTaUHH r -nHHHH npaBimb­

Ha, TO ypOB9Hb 201 Kaa, Bepo~THO .HB11H9TC.H BTOp.biM pOTSUHOHH.biM ypOBH9M B II01IOCe 1 OCHO­

BaHHOA Ha ypoeH~ 26 Kae 3/2- [ 523] 

tT'\ IJ. "5 17\ IJ 164 I n. I . r. rJJu165 __ ..::;·1..1~ _ _,. HaonroaaswHAcsr e peaKUHH • 1-' il I · d ypoeeHb_l88 

B COOTBeTCTBHH c MY11bTHII011bHOCTblO r -nepexoaoe ·.ll011>K9H ObiTb THII_a 312-. Ero MO>KHO . 
. . 

HHTepnpeTHpOBaTb KaK nepBhiR pOT8UHOHH.blft ypOB9Hb 110110Chi 1 OOHOBSHHOtl: Ha ypoBHe 108 Ka~ 

1/2- [ 521 1 , B II011b3Y 9TOI'O IIp9.llii01IO>KeHHH I'OBOpHT H T0 1 'ITO HHTepean M9>K.llY ypOBHHMH 

1/2 - H 312- B 9TOM stape - 80 KaB IIO IIOpH.llKY B911H'IHH.bl T8KOR >Ke 1 • KaK M9>i{.llY aHano-. . N . c 1M . 
rH'IHhiMH. ypoBHstMH B. coceaeeM srape c = 99 : Ci'Z 

99 
- 56 Kae, 

lj f.. IG9 /91 ' - I II 169 +. I II 1.70. 
__ ..:::,..;:;~--._~,- B pa6oTe H3y'lancsr cneKTp KOHBepcHOHH.biX sneKTpOHOB /YV"' ,..,.,.. 

0CHOBbiBa.stCb Ha .ll8HH.biX 0 3Ha'I9HHSIX 9HeprHH OTa911bH.biX r -nHHHft 9TOI'O CII9KTpa· M.bl 
I 169 · · · . · . 

IIp9.ll1IO>KH11H CXeMy pacnaaa . #.,U , npH STOM BbiHBH118Cb '19TKast poTaUHOHHaH II01IOCa H3 

. . 11 b 169 • [ J . 
3.:.X ypOBHeft, CBst3aHHast C OCHOBH • .biM COCTOSIHHeM ".} 7 12+ · 633 1 a TaK>Ke 110110C8 1 

ocaoeaHHast Ha ypoBHe 378 Ksa, KOTOp.biA no-BH.llHMOMy, MO>KHO omichiBaTb KaK ypoeeHb 5/2-

. [ 512] , Y'poBeHb 544 ·K9B1 BepostTH0 1 SIBltSieTCSI O.llHO'IaCTH'IHbiM 712- [ _514] '· XOTSI H He 

HCK1IIO'IeHa B03MO:lKHOCTb 1 'ITO ()H OTHOCHTCH K poTaUHOHHOft II01IOCe ypOBHSI 378 Kse, 

Y~'H. B'~stae. pa6oT 13 ~ 101 .s Y£ 173 
HapH.llY c'ypoBHstM~ poTauHOHHOR no.noc.bi o.binH 

o6Hapy>KeHbl yp.o.BHH 351 K~.B H. "" 6.36 Kaa. nep.BbiA H.'3 ~ .a COOT . .B9TCT.lUUt.,c. oueHKaMH. 

HHT9HCHBHOCTetl: r - nepeXO.llOB H HX My11bTHII011bHOCTH MO:lKHO HHT~pnpeTHpOBaTb KaK O.ll­

HO'ISCTH'IHbiA ypOB9Hb 7 /2+ [ 633] ·, a BTOpOit .KaK 712- [ 514] 
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Wt81 . 141 181 .. . 
--~.:.--~· AHanH3 r -cneKTpa • conpOBO:>K,D.ai<lmero pacna.n. R.e .. noaeomieT .n.o-

u w 181 . 14 2/ nonHHTb cxeMy ypoeHeH , .n.aHHYI<l e · ' • B qacTHOCTH, y.n.aeTcSJ BbiSIBHTb ypoeeHb 

487 K ae 7/2-, cocTae~SJromHit c ypormeM 366 Kae 5/2_. 

PoTaUHOHHal'l rionoca, ocHoBaHHa!'l Ha ypoeHe 515 Kae 112..:. 

[ 512] 

[510] 

, poTaUHOHHYI<l nonocy. 

~.aHanorH'IHa nonoce, 
. . . ·.. 183 . 

cegaaHHOii c ocHOBHbiM cocToHHHeM W 1/2- [ 510] • EcnH nJ? eunonomHTh, 'ITO-

\.1 181 . . . ,• . 
e_ . w ·B3aHMo.n.eiicTeHe poTauHOHHbiX nonoc c K = 1/2- H K = 3/2- TaKme cymecTBeHH'O 
. . W 183 I 11 I . .· • · . · 5 . . . ( J ... 

KliK F1 B . · , TO B nonocy, OCHOBaHHYI<l Ha ypOBHe 51 KaB 1/2- 51C MO)KHO 

eeecTH · 'IeTBepTbiH ypoeeHb 698 Kae 7/2-. 

0 tiS . 0 185 · -___§_ • OcHOBHbie cocTOHHHSI · S ·· H W 183 .· . /2 [5.10] . .. -THna:1 .• B cHny qero y HFIX 

,D.On:>KHbi 6hiTb O'IeHb CXO,D.Hble poTaUHOHHbie nonOChi, 

YJ CXO,D.SJ H3 al(cnepHMeHTanbHbiX .n.aHHbiX 0 r -cneKTpe 1?. 185 /4/ MO:>KHO BBeCTH 

ypoBHH 37,4 Kae - 3/2- H 97 Kae - 5/2, HeKoTopoe oTnH'IHe. B ·eenH'IHHe napaMeTpoB. "a". 
. 185 : . . .. . ... 

. ·. •. 183 . . . 
.n.mt W I a= + 0,2 I H Os f. a= +0,02/, no-BH.D.FIMOMY, CB5I3aHO. c HeCKOnbKO 

0 185 
MeHblllHM napaMeTpOM .n.eclJopMaUFIFI 5 

w lf3 . · w·- 183 • YJaoMepHoe cocTOI'IHHe . 260 Kae c. T = 5,5 ceK, pacna.n.aeTcH, Hany'IaH 
·. . ., /3/ . r -nHHHH 155 KaB H 105 Kae. Bee.n.eHHhiH B .· ypoBeHb 106 Kae, no-BH,D.lfMOMy, 

. . . -. . 

H.D.eHTH'IeH c poTaUHOHHbiM ypoeHeM 99 Kae 5/2-, a H30MepHbiH ypoeeHb 260 Kan, B cooTeeT-

CTBHFI C MynhTHITOnbHOCTbi<l· r -nepexo.n.a MO:>KHO OITHCaTb KaK 11 /2+ 615 

w 18!i /3/ 
BoaMO:>KHaH HHaSI, '!eM B cxeMa ·pacna.n.a 

w 185. n pH aTOM ypOBHFI. J25 

n 300 K98 MO:>KHO IIHTepnpeTHpoeaTh KaK poTaUHOHHhie, CBH3aHHbie c 9CHOBHbiM cocTOI'IHHeM, 

0.n.HaK0
0 

B aTOM cnyqae MOMeHT lfHepUFIFI · nonOCbli OKa3biBaeTCI'I MeHblllliM, '!eM B coce.n.­

HFIX qeTHO~'IeTHbiX SI,D.pax. 3To npOTFIBOpe'IFIT li3BeCTI_IOMY npaBHny 0 yKa3hiBai<lllleMy, 'ITO MO..;. 

. MeHThl F!HepuHFI He'IeTHhiX l'l.n.ep OOJJbllle,\ '!eM B coce.n.HFIX 'IeTHbiX SI.n.pax.' npFI'IIIHa TaKOI'O 

OTCTynneHFISI OT npaBHna HeSICHaj nnoo ypoBeHb 125 KaB He poTaUIIOHHbiH 1 nH60 CITliH. OCHOB-
. . 3/2 I .. , . . ·6. . ..... J. . . . . . w· 185 /3/.;· 
HQI'O. COCT05IHFI5I He Ha aTO yKa3biBaeT TaKme OCO ei ~OCTb -pacna.n.a , a 

.n.pyroii, HanpHMep, 5/2. . 

YpoeeHb 235 Kae MO:>KeT 6b1Th onncaH KaK 7/2- J 503] 

290 K ae, KaK 1112+ [ 615]· • 

· He'IeTHbie. Z 

I a H30MepHhiH ypoBeHb_ 

; p 151 . 
m . npu pacna.n.e Nd 151; . /12/ . . . ·p·· 151/12/ 

eoa6y:>K.n.aeTcSI cnomHaSI cHcTeMa ypoeHefi m . 

Mom no npe.n.nonomHTh, 'ITO ypoBHH 117 Kae H 257 Kae o6paayi<lT poTauHOHHYI<l· nonocy,- CBSJ-

aaHHYI<l C OCHOBHbiM COCT05IHF!eM KaB 5/2-. [ 532] _, 

c 15'~ 
__ c;_.;;L_l _ _, •. YpoeeHb 98 Kae 5/2-

u /11 
MO:>KHO FIHTepnpeTHpOBaTb KaK ,D.blpO'IHb!FI j o.n.-[532] 

\. 
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HaKo 1 He ncKniO'leHa B03MO)KHOCTb 1 'ITO B, 3TOM cocTORHIIII napaMeTp :Ue¢opMaUIIII: ou153 

3 !-la'liiT9nbHO, M9HbllJ 9 1 . 'l~M B OCHOBHOM -COCTORHIIH:~HnHl npyPIIX' B035)')KJl.eHHhiX:. COCTORHIIRX: 

103 K3B 3/2+ [ 411], II 710 K3B 112+ [ 411] :-.K-3B. TaKoe .npe.llnono)KaHIIe noaso.nS!eT 
. ' . - d. 153 

o5ostCHHTb TOT cl:>aKT 1 '!To ypoBeHb 98 K3s H.e B035y)K.llaeTcn npii pacna.lle ,:Jrn · · II 5onee 
c 153 ' ' . . . 

BhiCOKIIX ypOBH9H v U. · 1 o5na.ll8IOIUIIX .5onbllJUM napaMeTpOM Ll9cPOpMaUIIII 1 HO 3aTO ;nerKO 

B035y)K.lla9TC5I Ilpii pacna.lle cna5o~ Ll9cPOpMI1pOBaHHOPO .R.llpa · i1cJ 153 ~ 

T{J 155
• npii pacna.lle. (j)~. _155 

B' T~ 155 ~o~6y)K.lla9TC5I' H9CKOnbKO y~OB~eii 14,131 ., LlB.;t Il3_ 

HIIX 1 65 K3B II 156 K3B1 o5pa3yiOT upoTaUIIOHHYIO nonocy1 CB513aHHyiO C· OCHOBHhiM COCT05IHI19M. 
' . ' ! ' .• •' : j ' 

3/2+ [ 411] • YpoBHII 227 K3B' II 271 K3B r.'M.OryT 5biTb IIHT9PIIJ:)9TIIpOBallhii KaK O.llHO'laCTH'l-

Hhie ypOBHII 5/2+ [413] II 5/~-· [532]. • · :· 

.Hot6t /13/ . . . . . u 

-~_._,...._ _ _.. •. B pa5oTe o5Hapy)KeH IIHTeHCIIBHhm r -ne?eXOLl 211 K::>B THna E3, conpo-:-' 
' 161 ' . . . 

BO:>K.llaiOIURH pacna.ll r m 1 a Ta~6~e LlPYI'II9 . r -niiHIIII, n_oCKOnbKY OCHOBH09 COC!ORH~e 
Tm 161 1/2.+ [411] , a Ho - 7/2-. [5231 

· .. · · · .Ho1 .. 6. 1,_. e -nepeXOLlOB Illl9T Ha H30M9pHhiH .YPOB9Hb 

M?)KHO LlYMaTb 1 'ITO OCHOBUaR .llOnR 
) 

1/2+ [ 411] ; •. Ero' 3Heprun 211 KaB~ 

n o-BH.lliiMOMY I cym ecTByeT. ypOB9Hb 27 8' KaBI KOTOphiH' MO~HO. IIHTepnpeTIIpOBaTbj KaK poTa­

UIIOHHhiH ypoB9Hb 5/2+ •. :Ecnii TaKa 51 HHTepnpeTaUII511 TO 3TOT ypOB9Hb LlOn:>KeH. 

. . . . H · 161 
cenRTbCR .TonbKO. npii pacna.lle-5onee BhiCOKIIX yposHeti: o • 

Ho 165 
• H~5nro.llancn .} -nepexo.ll c II~OMepH~ro cocTo~imn Wy 1 ~5 1/2- · .[521] ·. · Ha 

ypOB9Hb Ho 165 - 515 Kasl KOTOph!H CBR3aH r·'-nepeXO.llB~~ c OCHOBHhiM COCT05IHH9M u 

yposHeM 358 Kas, B To )!{a speMn yposeHb 358 Ka~~ Henocpe.llcTBeHHO so35ym.llaeTcSI npir 

. . 11'1 165 '[ ] 
· ) · -pacna.lle OCHO~Horo cocTORHHR • ~y . 7 /2+ 633 • STII · cl:>aKThi no3sonnroT HHTep-

npeTHposaTb ypOBHH 358 K3B II 515 Kas KaK OLlHO~acTH'lHhie ypoBHH 5/2+ ( 413] II 

1/2+ [411] 

T 16i . 
ffi . , 0CHOBH09 COCT05IHII9 Tm 167 1/2+ [ 411] n 09TOMY MO)KHO .llyMaTb, 'ITO 

ciicTeMa ero so36y)K.ll9HHhiX yposHeti: O'leHb rroxo)Ka ua CIICTeM{ soa5y)l{Jl9HHhiX yposueii 

Tm 169
II Tm 171 • B cooTseTcTBIIH s a_TIIMMhi npe.llnonaraeM, 'ITO Ha6nro.llaeMaR npH _K­

r -niiHHR 118 K::>s, COOTB9TCTByeT rre~eX()LlY M,9)K.llY poTaUIIOH!IhiM' ypos-3axBaTe B Y~ 167 

HeM 118 K3B 5/2+ II ocHOBHhiM coc:onHIIeM 1/2+, a nHHIIR 180 Kas - nepexo.llaM c O.llHo­

qacTH'lHoro ypoBHR 290 Kas 7 /2+ (404] Ha ypoBHJ:i HH)l{Heii poT.!iUHOHiloii nonochi 5/2+ 

/118 Kas/ II 7/2+ I "-'.130 Kgs/. 

IB . f Lu. . npH pacna.lle H 173 
B b~J:- 173 so36y)l{JlaeTC5I cnO)l{HaR CHCTeMa ypOBHeii. B 

HacTonmee speMR ecTb yKaaaHIIe Ha cymecTsoBaHIIe ypoBHeii 135 Kae, 297 Kas H 124 Kas. 

n epshie LlBa yponHR no aHep'reTH'lecKIIM coo6pa)KeHHRM MoryT 6hiTb Ii:ui:'eprrpeTHposaHhi KaK 

poTaUHOHHhie ypOBHII, csnaaHHhie c ocHOBHhiM cocTORHHeM ~IA- 173 , a yposeHb 124 Kas KaK 



O,llHOiJaeTIPIHhili:o 0THOllleHHe 9Heprn:fi: 2-ro H 1-ro: pOT8UHOHHbiX ypOBHeU eOBMeeTHMO CO 

aHa'IeHHSIMH K 7/2 H 9/2, 

3Ha'IeHn:e K = 7/2 /ypoBeHb 7 /2+- [ 404] I npenno'ITn:TenbHO B TOM oTHoweHn:n:, 'ITO 

OHO eornaeyeTeSI e eywecTBOBaHHeM K,;..38XB8Ta npSIMO H8 OeHOBHOe eoeTOSIHHe y~l73 /5/2-/, 
u /14/ . . I 

H8H,lleHHhiM B pa6oTe o noMHMO 9TOI'O Bee .opyrn:e He'JeTHhie H30TOIThl NU HMeiOT enHH 

7/2. OnHaKo, npn: K = 7/2 MOMeHT n:Hepun:n: poTaun:oHHOfi: nonoebi OK83biBaeTeSI MeHbllle, 'IeM 

y eoeen1in:x 'IeTHhiX SI.oepo BTo · npoTn:Bope'In:T · HalliHM npe.neTaBneHHSIM o Benn:'In:He MOMeHTOB 

n:Hepun:n: 'IeTHbiX n: He'IeTHbiX SI.oep. Eenn: npHHSITb aHa'IeHn:e K = 9/2- [ 514] c, To Tpyn­

HOeTb e MOMeHTaMn: n:Hepun:n: n:eqeaaeT, HO H~B03MO:lKHO o5oSieHHTb K-aaxBaT ).,u, 173 
Ha·. 

oeHOBHOe eoeTOSlHHe Y6 173
0 noe~onb~y ,·r ...:ne~exon 124 KaB THna E(l. ypoBeHb 124 KaB 

9/2- [B14] 1 eenn: OeHOBHOe eoeTOSlHHe 7 /2+ [404] H. 7/2+ [4.o4J 1 eenn: oeHOBHOe 

e.oeTOSlHHe lvu 173 
9/2- [514] 

L~ tH • YpoBeHb 287- KsB MO:lKeT. 6biTb HHTepnpeTn:poBaH, KaK nepBhifi: poTaun:oHHbifi: ypo- _ 

BeHb 11.1/2-/ nonoe·h~, oeiioBaHHoii:' Ha onHo'IaeTH'IHOM ypoaiie 147 K aB 9/2- [ 514] 

.R 113 141 0 183/'f/ . 
__ _;..._e;__.;.._•o AHann:a ' r- -eneKTpa ' ' I eonpOBO:>l{,ll810lllero. e '-:aaxBaT B s ' n03BOnSieT . 

HapSiny e ypoBHSIMH, paeeMoTpeHHbiMH B 
12 •41 , BbiSIBHTb :ypoBeHb 861 KaBo 8ToT ypoBeHb 

MO:lKeT 6biTb pOT8UHOHHbiM ypOBHeM 13/2- nonoebi 1 oeHOB8HHOfi: Ha ypoi3He 496 KaB 9/2- · 

[5!4) 
. ! 

R ~' · - Re 1 ~ ~-e o .0aHHbie_ 0 KynoHp_BeKOM, B035Y:lK.lleHHH , :, . H r -paenane wts7 IT03BO-: 
... D£)187 /3/ B. u • •. ·;. 

nSIIOT ITOeTpOHTb exeMy ypOBHe.tt (\,~ , o Hen:, HapSI.OY e pOT8UHOHHOH nonoeoii: oeHoa-

HOI'O eoeTOSIHHSl, npOSIBnSieTeSl ypoBeHb 206_ Ka~! KOTOpbifi:. Ha. oeHOB8HHH ll8HHbiX 0 o· "'1lepe­

xonax MO:lKeT 6hiTb onn:eaH; KaK ypoBeHb Tn:na 9/2":' [5.14] • YpoBHH 513 KaB 3/2+ n: 619 KaB 

.5/2+, B03MO:lKHO, o6paayiOT pOT8UHOHHYIO nonoey. npn: 9TOM ypoBeHb 513 KaB MO:lKeT 6biTb 
~ ' - ' . ' . . . . /' ,· ' . ' 

HHTepnpeTHpOB8H 1 K8K O.llHO'JaeTH'IHbifi: ypoBeHb Tima 3/2+ (402] 

§ 5. He'IeTHbie SinPa e :fi > 222 

B SI.opax e · fi ~ 222 BbHIBneHn:e ypoimeii, · onioeSirun:xeSI K onHofi: poTaun:oHHofi. nonoee, aHa-

n:a-aa TOP01 ~TO 9TH ypOBHH B. 5onblliHHeTBe enyqa~~ MOI'YT B03_ 5y:lK,ll8Tb-. . 'IHTenbHO o5nerqaeTeSI 

eSI B peaynbTaTe oC -paena.zi .a. n OCKOnb~Y. d. -:nepeXO,llbl Ha Bee ypOBHH naHHOH poT a-

UHOHHOH. nonoebi eBSiaaHbi .· e O,llHH8KOBbiM H3MeHeHHeM BHyTpeHHefi eTpyKTypb1 1 OHH ·nonmHbl 
- r T A. f 3Kcn..l · 

xapaKTepH30B8TbeSI npn:MepHO O.llHH8KOBbiM cP8KTOpOM aaMenneHHSl r = T ( ) 0 no-. .(. reo p. 
aToMy .D.nSI aHann:aa ypoBHefi: Heo5xonn:Mo .nnSI Beex (;/.. -riepexo.z:toB .Bhi'In:enn:Tb senn:'In:Hy.' F' .· 

Pa·eeMoTpHM exeMbi ypoiiHefi: KOHR.peTHbiX SI.oepo 
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H eqeTHble z. 
. ( . . . 

P 
U3 . 

__ __,_'Z=-~·-'• B pea ynbTa Te Jv -pacna.na :He 227 
Bo ·F'~. 223 Boa6ymaae;Tc~ ~e-~KonbKo 

ypoBHefi, npH'IeM .nnfl Bcex ~ .-nepexo.noB P · 6nM3Ko K 1. 3To ~aHa'l·aeT; 'I·To B~yTpeH-
223 . . . .. . < ' ... ·. ( . . 227 . . : ' 

Hafl cTpyKTypa P-z B sTMX cocTOfiHMfiX cxo.nHa c BHyTpeaHefi cTpyKTypofi . :fie 3/2+ · 

[651]. Y!HTepBanhi Mem.ny ypoBHfiMM .o KsB; 12 · KsB; 85 }<a~; 103 Ka6; xapaKTepHbi .z;tnfl po­

TauMOHHofi nonochi c K "' 1/2. TaKoe aHa'leHMe K cornacyeTcfl. c .nMarpaMMofi· HM.TibCOHa, co­

:rnacHo KOTopo:ll: 87-o:ll: npoToH B ~ Pz 223 
.non:>KeH aaxo.n~TbCfl ~a ·ypoBHe 1/2+ [660] • Ypo~HH 

B paCCMaTpHBa9MO:ll: pOT8UMOHHOfi riO.TIOC9 MOI'YT MM9Tb nocne.no~aTe.TibHOCTb cnHHOB 1 /2+; 

3/2+;· 5/2+; 7/2; H T,.n. linH 3/2+; 1 /2+; 7 /2+'i 5/2+. B nocne.nHeM cny'lae na ¢opMy.Tihl 

.U.Tlfl 9H9pi'HM poTaUMOHHhiX ypOBHefi:. 

,, . ( . 
HaM, Ka:>KeTcfi, 'ITO 6oriee BepofiTHa nocne.noBaTe.TihHOCTb 3/2+; 1/2+; 7l2+; 5/2+; ·Hoo B 

aToM cny'lae y.naeTcfl o6'bfiCHMTb cBoil:cTBa ypoBHefi N p 237 
371 K aB 3/2+ 11 381 K sB, 

B 9TOM cny'lae OCHOBHOe COCTOfiHMe. Pi 223 
TMna .3 /2+ [660; 1/2] • EcnM: Harne .npe.n­

nono:>KeH~e- npaBM~bHo, To iiecMoTpfl Ha cMrapooopaaHyro p~BHOBecHyro ¢op~y,. F''Z- 223 n~eeT. 
) • I • ; ',·· 

OTpHUaT9.TlbHhlfi KBa,npynO.TlbHhiif MOM9HT, 3TOT Bh!BO.U Henocpe,ncTBeHHO cne,nyeT. ll3 lPOP~Y.Tlbl. 

,nnfl G. , ecnM K = 1/2; I = 3/2: 

~ i •. \ 

r,ne ··aD - BHyTp9HHHfi KBa,npynO.TlbHhlif MOM9HT nponOpUHOH8.TlbHhlii napaMeTpy ,neliJopMaUHH, 

·YpoBHM 166 KaB n 194 KaB, B03MO:>KHo, cocTaB.TifiiOT BTopyro poTaunoHHYIO nonocy, ocHo­

BaHHYIO H ~ ypoBHe 166 KaB. nocKO.TlbKY ~ -nepexo.nhi· Ha STU ypOBHil xapaKTe~ll3YlOTCSI 
MO:>KHO .nyMaTb 1 'ITO ypoBeHb 166. KaB o.nHoTnneH c ocHOBHhiM p ~ 1, 

3/2+ [651] 

. Jl. 227 
COCT0f1Hll9M: C .. 

'· 
..{j 22S 225 F 221 . . • . • ·. [1 221/4/ 
fl C , fie · pacna.naeTCfl Ha ypOBHll 'l , no CTpyKType ypOBHefi r'l 

. .. rN 223 . . 
CYUl9CTB9HHO OT.Tlll'i.alOUl9HCfl ·aT CTpyKTyphl.Y!)OBH9n. r·c. 1 H9Tp~,UHO BH,U9Tb 1 'ITO nap.aMeT-· 

phi .,neliJopM8Ulllt STHX .UBYX fi.Uep CllllbHO OTriH'Ia!OTCfi, ConOCT8B.TISlfl CBOfiCTBa n,nep F't 221 
U 

,., 223 R. 222 R · 222 [1 .221 
r'l 1 n H Cl. MO:>KHO 3aK.TIIO'IHTb 1 'IT0 1 B9pOSITH99 BC9I'0 1 SI,npa r't ll 

R 
222 . . ,., 223 11 222 . . 

n. c¢epnt~ecKue, a t-'Z u 1'\.a - .ne¢opMupoBaHHhte, 

B aToM cny'lae 87-tt npoToH B Prz 221 ,UO.Tl>K9H HaXO.UliTbQfl Ha ypOBH9 h., 912 nn6o 

f 7/2. 
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..J . :II 225 r:r 221 . 
~ n OCKOnbKY Qv -pacnan C HB OCHOBHOe- COCTO~HHe l't xapaKTepH3yeTC~ 

. l"' 1 . .. . . :fi 225 rt 221 
3H8'19HH9M f' ~ 1 OCHOBHOe COCTO~HH9 C LlOn:>KHO 6hiTb ll0Ll06HO r'l: · , npHHHM89T-. 

_ c~, '!'To oHo 5/2- (523] 19ToT ypoBeHb nonyqaeTc~ npH pacmenneHHH · ypoBH~ h 912 I 

Yp<;>B9Hb 40 KsB, B COOTB9TCTBHH c MynbTH~OnbHOCTbiO r -nepexon a 40 KsB 

HhiMH o cnoco6ax Boa6ymneHHSII Mhi HHTepnpeTHpyeM KaK 5/2+ [642] 

E1 H naH-

__/i • 227 . r. 227 
_ __;:Jf;.._'C.;...._'_,, Bhilll9 yme yKa3hiBanocb, 'ITO OCHOBH09 · COCTOSIHHe :JiC· '3/2+ · [651·] • 

. . /3 4/ 
CneKTp_ ypoBHefi aToro stnpa O'I9Hb cnomHbiii 1 H. B HacTo~mee BpeMSI He nonnaeTcSI 

IIOnHOfi HHTepnpeTaUHH, 

l-1 cxonst H3 naHHhiX o5 d. -pacriane. Pa 231 
MomHo npennono:>KI;ITb 1 '!To ypoBHH 329 :KsB 

356 KsB H 387 KsB o_5paayiOT poTauHOHHYIO nonocy co cnHHaMH 3/2-; 1 /2-; 7/2-, 

BaHHYIO Ha y~OBHe 1/2- [530] 
OCHo-

P 231 
8Ta nonoca aHanorH'!Ha IIOnoce, CB~3aHHOii C OC.HOBHhiMH COCTOSIHHSIMH a · H 

n 233 . . r-'a t rne HM99T M9CTO HHBepCHSI ypOBHeil:, 

BoaMomHo, ·'ITO ypoBHH 30 K aB; 74 K SB H 127 K aB TaKm e o5paayiOT. poTaUHOHHYIO 

. nonocy c K = 5/2 /ypoBeHb 30 KaB 5/2-. [523] /, 

P :231 . . 
___ :...._:a:;:._--:• YJ CXOLl~ H3. LlSHHhiX 0 pacnane TIL 231 .. U 2s1 Np235 . 

t . H KynoHOBCKOM B03-
. . . [) 231/4/ 
6ymneHHH t--"Q . Mhi nocTpoHnH cxeMy ypOBHefi 

231 . . Pa . B Hett, JIO-BHLlHMoMy, MomHo 

BhiLlenHTb 3 poTaUHOHHhi9 nonoChi~ B nepBOfi nonoce HH)KHee COCTOSIHHe 3/2-- (530; I'/2-] 

R 231 . 
/OCHOBH09 COCTOSIHH9 a /, 

( 

· · YpoBeHb 57 15 KaB - 7/2-, a ypoBeHb 68.5 KsB 5/2-; no-BHLlHMOMY 1 9CTb ypOB9Hb 

7 KsB - 1/2-~ .Unsi nonochi K = 1/2, a =-1 13, CHTyauHSI coBepmeHHO aHanorH'!Ha CHTyauHH 
. ·j.r:-- 223 n · " , · p- 231 . · • · · 
B. '2 , OSTO~y MO)KHO LlYMaTb 1 'ITO- a , HM99T_ OTpHUaTenbHhiH KBanpynonbHbifi 

MOMeHT.: BTopa~ nonoca Ha'IHHaeTcSI c ypoBHSI 84 KaB 5/2+ ( 642] 1 a TpeTbSI c ypoBHSI 

.166. KsB 3/2+ [651] 
' 
'n 231 -

B r-a 1 BepostTHo, ecTb H npyrHe Boa5ymneHHhie ypoBHH. l-1 HTepnpeTaUHSI 5onbWHH- · -· R 231· · · . . 
CTB8 ypOBI;!9fi _ Q. ' Ll8Ha Ha. OCHOB8HHH LlaHHhiX 0 ~ ; r H . ct ~nepexonax 1 a TaK -

P 233 
)K e llO aHanor¥H C HHTepnpE)T8UH9il: ypOBHefi a 1 BhiT9K810lll9fi 

; /2/ 
H3 aH~nH3a _TOHKOil: CTpyK-

·Np231 (21 Typhi o(-cneKTpa 

233 
n · · p · 233 , . N 237 ra . Ypc>BHH a nony'laiOTc~ npH .()(.. -pacnane p H } -pacnane Th 233-, . 

AHanHa STHX ypoBHefi /aa RcKniO'IeHHeM ypoBHeii 140 KaB; 162 KaB H 171 KsB/ conep>KHTCSI 

/2/ 
B 

Ha · ocHoBaHHH aHan:aaa HHTeHcHBHocTeil: d.. . . 
-n~peXOLlOB H COllOCTaBneHHSI C npyrHMH 

~npaMH B aToil: o6naCTH 3Ha'!eHHii dl ~ MO)KHO LlYMaTb, 'ITO ypoBeHb. 140 KaB OLlHO'IaCTH'I­

Hhiii 5/2;;., [523] , a ypoBHH 162 KsB H-171 KaB o6pa3yiOT poTauHOHHyiO nonocy,· nono5._ 
I 
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Hyro'poTaunpHHOfi nonoce 1 CBSJ~aHHofi 

y~oBeHb UOITOCbi3f2+. [660; 1/2+] 

C OCHOBHbiM COCTOSJHHe~ · F''l, 223
, npH STOM HH>KHHft. 

· · .8 233 
1 a eepxHHH 1/2+. TaK KaK OCHOBHOe co.cTOSJHHe .a.· 

. 3/2- [530; 1/2-]·. 1 OH .UOIT:>KEm HMeTb OTpHUaTeiTbHbi1l: KB8.UpynOITbHbifi •MOMeHT, 

'N 2n · · N 237 · · _ · U 237 
_ _.._._.._P_---'. YpoBHH p ·· nony'l:aiDTCSJ npH .J -pacna.ue , , 

. 241 /3 4/ . . .. . ) . . .. · ; . /3/ 
d pacna.ue :1/m 1 

• B npe.unonomeHHyro XomteH.uepoM .. 

- . ·. . . 2.37 ·. 
E -pacna.ue PI:-' . : 

.· ' . 237 
cxeMy pacna.ua U 

·He· noMewanach 0 -nnHHSJ 113,9 Kae. BosHHKanH. Tpy . .uHocTH npH non&rTKax HHTepnpeTauHn 
. . .· ~/ 

ypoBHeA 332 Kae, 369 KaB H 371 KaB • .[lnH T~rol 'l:TOOb~ OO'bSJCHHTb r -mmHIO '113,9 KaBI 
~-"; 

Mbi .BBenH .uo6a:Bo'l:Hbrfi ypoBeHb 3~81 Kae. B pesynhTaTe aToro ·yKasaHHbie. 4 ypoBHH y.uanocb 

pasMeCTHTb e·2-x poTaUHOHH&rx nonocax. O.uHa H3 HHX ocHo~aHa ·Iia ypo!me 332 Kae: 3/2-

- [651] I a ~~opast H~ .ypo~He S71 Kae, o.uHoTHnHoM, c ocHoBHbiM. cocTOSJHHeM Pi .223 

3/2+ [ 660 ; l/2+] /CnHH. 3/2 .unst ypoBHSJ 371. Kae cne.uyeT ns .uaHHbiX .o MynbTHnonb­

HOCTH r-nepexo.uoe/. YpoBeHb 268 KaB M?:>KHO llHTepnpeTnpoBaTb ITHOO KaK 3/2- [532];nHOO 

3/2- [521] nH6o KaK 3/2- [530 112-..:] /o.uH~THnH&rfi c ocHoBHbiM cocToHHHeM Pa231 

P ~3 . 
n a . , (. 

YpOBHH He'l:eTHbiX ll30TOUOB Jm no~pOOHO J'i) 
aHaiTH3RpyiDTCSJ B . 

B .uononHeHHe K aToMy aHannsy MO:>KHO nHlllh yKasaTb 1 'ITO ypoBHH fim 239 
- S40. ~aB, 

../i 241 · .C 243 . . . .... 
.;trrl. · , ::- 480 KaB 1 ;Jim . ~ - 265 Kae Ha ocHOMHRH .uaHHbiX o6 d -pacna.ue MO~Ho 

RHTepnpeTnpoBaTb nH6o KaK 3i2- (521] 1 nH6o KaK3/2- (630; 1/2] /o.uHoTHnH&re 
· · : n 231· 233 

C OCHOBHbiM COCTOSJHReM ,-Q. ' /~ 

· . · · · p 243 n 243 i4/ 
npH pacna.ue l..L B ?'fm B036ym.uaeTCSJ ·, pOT8UHOHH8SJ nonoca H3 3 'ypOBHeA, 

CBSJ3aHHaSJ c OCHOBHbiM COCTOSJHRe·M ·flm 243 
5/2- _[523] .. I a TBK:>K-e nonoca, OCHO~aHIIaH Ha 

ypoBHe 84 KaB 5/2+ [642] .• HiiTepnpeTauHSJ ypoBHSJ 84 KaB cne.uyeT ns .uaHHbiX o MYIT?TH-

r . · 84 K . .. .}· · /3/ 
nonhHOCTH . -nHHHH · aB H xapaKTepe . -nepexo.ua • 

-8; 2_49. -' E 253 14/ 
,.... . Ql. -pacna.u S conpoBom.uaeTcSJ. Bos6ym.ueHneM 6onhllloro 'l:Hcna :YPOB- .. 

· B 249 J . F' · · 8 · · 249 
Heft B .UO'l:epHeM st.upe K.' ~ , CN -nepeXO.U C ~ 1 H.UeT Ha OCHOBHOe COCTOSJHHe K ·' 1" :. 

. . · B 249 c 253 . · . . . F.' 
CITe,UOBaTeiTbH0 1 OCHOBHbie COCTOSIHHSJ 1(. H. C.S 'o.UHOTHDHbl, no 3Ha'l:9HHSJM • H· 

SHeprll.SJM MO:>KHO BhiaenHTb TpH ~ poTaUHOHHhiX nonOChl, O.uua H3 HHX COCTOIIT ll3 ypOBHefl 

0 KaB, 42 Kae, 93 KaB H 157 KaB, · 8HepreTH'l:eCKHe HHTepaan&r o.uHosHa'l:HO yKas&rearoT · . · B · 249 · 
Ha To, 'ITO OCHOBHoe cocTOSJHne .sTo1l: nonoc&r IH IC I, 7 /2+ [633] • YpoBHR 82 Kae, 

\ 

138 KaB H 207' KaB o6pasyroT BTopyro poTaUHOHHyro nonocy, 8HepreTH'l:ecKHe HHTepBan!:>I 

s.uecb TaKme yKa3biBaiOT Ha K = 7/2, o.uHaKo SHa'l:eHHe MOMeHTa RHepuHH HecKonhKO saBhi~ 

Ul9HO, 

Bonee BepoSITHO, 'ITO 3TH 'ypOBHH npe.ucTaBriSJIOT co6oA 3,4 H 5 'l:IT9Hhl poTaUHOHH01l: 

nonocbr c K = 3/2-1 ocHoBaHHoil: H.a ypoBHe ..... 7 KaB 3/2- (521] • YpoBHR 7 KaB /3/2-/, 

i 38 KaB /5/2-/, H~ MOI'YT o&ITh saMe'l:eH&r, T,K, . cJ., . -p~cria~ Ha HHX 3aTpy.uHeH H xopowo 
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aaMaCKRpoBaH o6nerqeHHbiM cl -pacna.llOM- Ha poTaUROHHbre ypoBHR 42 KaB R 93 KaBo Be..;. . . . ' 

pOHTHOCTb tfv -nepeXO.IlOB> a TaK:>Ke aHepreTR'IeCKRe RHTepBa1Jbi CBRneTe1JbCTByiDT .0 TOM, 

'ITo ypoBHR 390 KaB; 427 KaB R 464 KaB o6paayiOT poTauRoHHyiO nonocy c K. = 5/2+o 

B cooTBeTCTBRR C· aTRM ypoBeHb 390 KaB RHTepnpeTRpyeTcSJ KaK 5/2+ [ 642] o 

· H eqeTHbre N 
R., t23 ·R zu Th z:H _ _ • 

a. Z a Z o 8KcnepRMeHTa1JbHbie ,llaHHbie 0 cneKTpax BOa6y:m:JleHHbiX 
. . /3 4 15/ -

ypoBHeit _aTRX H.llep o'leHb CKYJlHbi ' ' o 

OoaTOMy npRBe,lleHHaH Ha pRCo4 RHTepiipeTaURH OT,Ile1JbHbiX ypOBHeii B BbiCweii CTene­

HR npR61JR3RTe1JbHao 

T. ·h~Z9 .. Th'229 .. /3/ 233 
--...:.....:..::::..;.' --J YpOBHR B036y:>K,IlaiOTCH .B peaynbTaTe J_ -pacna,lla u o· noMH-

MO . Th229 · qeTKO Bbipa:m:eHHOii poTaUHOHHOii IT01JOCbi; CBSJ3aHHOii C OC~OBHbiM COCTOHHHeM 1 ·' XOpOWO 

B036y:>K,IlaeTCH ypoBeHb 316 KaB 1 KOTOpbiH IT09TOMY BepOHTHee BCero Jl01J:>KeH 6biTb OITRCaH, 

KaK 3/2+ (631] 1 a He KaK 5-br1f poTaUROHHbifi ypOBeHb 15/2+1 KaK yKa3aHO B / 3 / o Y,'poBeHb 
· /3/ I u 233/15/ · 

237 KaB 13/2+ npR noBTOpHbiX Rccne.lloBaHRSJX ex- -cneKTpa He o6Hapy:m:eHo 

T~3· n OHBHBWRecSJ B_ ·nocne,llHee 
/4/ _/ . u 235 

BpeMH HOBbie ,llaHHbre o6 "'- -pacna.lle 

BbiHy JlH1JR HaC nepeCMOTpeTb. CX~MY ypOBHefi T 231 .· _h · o, B Heii BbiHBneHbi ypOBHR 42 KaB R 

95 KaB COCTaB1JHIOWRe pOTaUROHHYIO IT01JOCy 1 CBH3aHHYIO C OCHOBII_biM COCTOS{HR~M 5/2+ _ (633] i 

ypoBHH. 185. KaB; 255. kaa R1 B03MO:>KH0 1 280 KaB - cocTa.BnHIOT BTopy!O poTaUROHHYIO no~ 

n~cy 1 a y.poBHH 200 KaB H 241 KaB ":' · TpeTbiOo BenH'IHHa P Jl1IH ci -nepexo.llOB Ha ypoB.::. 
0 

HH 185 KaB; 205 KaB H 442 Ksa 6nRaKa K l 1 IT09TOMY STir COCTOHHHH Jl01J:>KHhi 6biTb CXO.Il-
236 . 

·Hbi 1 a O.llHO R3 HRX OJlHOTRITHO C OCHOBHbiM COCTOHHReM .u 7/2- [743] o Oo C006pa-

.:>KeHHHM 1 CBSJ3aHHbiM C Be1JR'IRHOH MOMe~TOB HHepURR pa31JR'IHbiX IT01JOC 1 MO:>KHO JlyMaTb 1 _'ITO 

ypoBeHb 185 KaB THna 5>2":" - [752] 1 ypoBeHb 205 KaB THna 3/2- [761] 1 a. ypoBeHb 

442 KaB TRna 7/2~[743] 

P 231 .· . .. 1 . . . r 241 R· ·237 . 
U • B peaynbTaTe G\. -pacna.lla \-m B r..«. , HapH.IlY c ypoBHeM 145 KaB 

[ . 1 ' . . ' 02. . /4/ . _/ 
1 /2+ _ 631 1 Boa6y:m:,llaeTcH ypoBeHb 2 KaB o ConocTaBneHRe UHTeHCHBHocTeii a-- -ne-., 

peXOJlOB ITOK83biBaeT 1 'ITO STOT ypoBeHb MO:>KeT 6biTb BTOpbiM poTaUROHHbiM ypOBH9M 5/2+ "B 

nonoce c K = 1 /2+. non:m:eH cywecTBOBaTb TaK:>Ke poTaUHOHHbi.ii ypoB9Hb 3/2+ c 9HeprR­

eit 155 K9B 1 KOTOpbi1i: JlO CRX nop He 06Hapy:>KeHo 

ConocTaBneHli:e aHepreTR'IeCKRX: HHTerpanoB MS:>K.IlY O.llHOTRITHhiMR O.llHO'IaCT.H'IHhiMH 
' 

ypOBHSJMH B H,llpax ·c OJlHHM R TeM :>Ke 'IHC~OM H9'1_9THbiX 'HYK1JOHOB 1 ITOKa3hiBaeT 1 'ITO 9TH 

HHTerpanhr M9HHIOTCH oT H.llpa K HJlPY B cooTBeTCTBRR c .llRarpaMMOfi HRnbcona. B na'lane 

o6naCTR, r.lle npH6aBneHRe. napbr HYK~OHC?B yBenR'IRBaeT hecj>opMaURIO H.Jlpa 1 paccTOHHHe MS:m:Jly 

·~ 
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