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B rrocne.nmrn .nBa ro.na B pSI.ne na6opaTop1Iii neHIIHrpa.na II ..[ly6HbI npo1I3Bo.nrm1Icb IICcne

.n OBaHIISI no 51.U epaoii' cneKTpOCKOnlIII HeiiTpOHo-.n eqrnUIITHbIX II30TOnOB pe.nKIIX 3 eMenh. 8TII 

pa.n1IoaKTIIBHhle II30~0nhl nonyqanlICb np!I 6oM6ap.nlipOB~e TaHTana 6hlCTphlMII npoTOH8MlI 

/Ep = 660 M-aB/. TaHTanoBaSI MHllleHb paCTBOpSinacb, II3 pacTBOpa XlIMIIqecKH Bbr.nemmac_b 

COBOKYIIHOCTb pe.nKHX 3eMenb, a 3aTeM Ha xpoMaTorpacpH'IecKOH KOJIOHil;e npOI!3BO.UHnocb 

pa3.neneHHe pe.nK03eMeJibHbIX H30TOnHbIX cppaKUHii. 

Pa6oTbI no SI.nepaoii cneKTPOCKOnlIH pa3BIIBanHCb .UOBOJibHO ycnelllHO 6naro.napg cnenyro-

llllIM cpaKTOpaM: ' . 

1 I 3H8'IHTenbHOH !IHTeHCIIBHOCTII nyqKa npoTOHOB B ClIHXpOUIIKJIOTpoHe OvIHI-1; 

2/ BhlCOKOMY KaqecTBy xpoMaTorpacpH~~CKOI"'O pa3neneHHSI II lI3I"'OTOBneHHSI npenapaTOB 

nm1 JJ -cneKTpocKOIIHII /B.K.npeo6pa:lKeHcKHii/; 

3/ 6[laronapSI TOMY, qTo K crreKTpOCKOnHqecKHM pa6oTaM ynanOCb np1IBneqb. 3Ha'IH

TenbHOe qHcno nHu lI,IICnOnb30BaTb pa3HOO~pa3Hhle CII~KTpoMeTphl, 9TO n03BOnHno II3Y'I8Tb 

pa3JIIIqHhle CTopOHhl pacna.na neiiTpOHo-necpHUilTHhlX lI30TonoB. 

npH nccnenoBaHIISIX np1IMeHSrnHcb· cne.nyrouwe MeTonbr /cM.prrc.1 /: 

1 / Macc-cneKTpocKonHqecKoe pa3nenenne cppaKunii no H3oTorrnM /Kpbr:lKaHCKHH H · noK

poBcKHiil, 

2/ lICCnenoBaHHSI r -crreKTpOB IIplI nOMOI.Uil onm>KaHaJibHOI"'O JIIOMIIHecueHTHOI"'O cneKTpo

MeTpa /ropO,lllIHCK!Ill II no1<pOBCKHH/ 1 

3/· Hccne.ooBaHHSI 

/XonbHOB n lliyKHHI, 

t -crreKTpOB np!I nOMOI.UH" M8I"'HIITHOI"'O cneKTpOMeTpa THna "pHTpOH" 

4/ 1I3yqen1Ie '/-'/ -coarra.n eHHti npH nOMOI.Uil JIIOMHHecueHTHbIX cneKTpOMeTpOB 1 

KaK C uenblO YCT8HOBJieHH51 KaCK8.ll0B /ropO,lllIHCKilll II noKpOBCKHII/, 

:.raK II C uenbIO npSIMOI"'O Il3MepeHHSI BpeMeHH )Kli3HII OT .ll enbHbIX SI.ll epHbIX COCTOSIHilll /Bepno

B !I'll, 

5/ n3yqe~1Ie ?+ -cneKTpOB, cneKTpOB. KOHBepCilOHHblX aneK:TpOHOB II cneKTpOB cpOTO -

9 neKTpOHOB nplI no MO I.UH Tpex M8I"'HlITHblX cneKTpOMeTpOB Tlfna HK9TpOH" /Balll!In'on, AHTOHbe

Ba, rpoMOB 1 ..[lMHTpileB/, 

6/ nccne.ooBaHHe jJ + -cneKTpOB;,lI cneKTpOB KOHBepCIIOHHb!X aneKTpOHOB nprr IIOMOJ.UII . 

.n ByX cneKTpoMeTpOB THIIa Ti tf2' /3onoTaBIIH, , rpHrOpbeB u Ll H enpOBCKrrfi/, 

7/ nccne.ooBaHrre cneKTpOB KOHBepCHOHHhlX aneKTpOHOB Ha JIIIH30BOM cneKTpOMeTpe C 

ynyqllleHHOH cpoKycnpOBKOH /THlllKIIHI II JIIIH30BOM cneKTpOMeTpe C npoMe:>KyToqHbIM ycKope

HHeM ane~TpOHOB /Poraqes/, 



8/ .HCC1Je.,!lOBaHH0 

HOB /Kpaqrr/, 
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+ ' /3 -cnexTpOB Ha· c~eKTpOMeTpe, C TpOAHoA cpoxycHpOBKOA aneKTpo-

9/ H3y'leHHe €-- e COBila,!leHHA Ha .!lBOAHOM 1JHH30BOM cneKTpOMeTpe C yny'IW0H-

Hoit cpoKycHpOBKOA /CeprHeHKO/, 

10/ H3y'leHHe peHTreHOBCKOro H MstrKoro H31IY'l0HHSI npH IlOMOIUH nponopuHOHallbHOro 

C'leT'IHKa /WHMaHCKasr/. 

BbllIH npHM0HeHbl TaK:lKe .!lPYI"H0 npH60pbl - raMMa-ro.noCKOil /no.nKonaeB H 'l{y6HHCKHA/, 

d.., -cneKTpoMeTp /'l{yMHH, H e,!lOB8COB H l1 BaHOB/ t HO nony'leHHbie Ha HKX peaynbTaTbI 

He,!lOC
0

TaTO'IHO o6pa6oTaHbI. 

B peay,nbTaTe npHM_eHeHHst acex· 8THX npH6opoB 6bI1JO nony'leHo 'MHOro HOBbIX .!lBHHbIX 

0 j3_ H t -cneKTpax:, o Y- f H e - e . COBil8.!l 0HHstX H T • .n • Bee_ 8TH ,!laHHbI0 cny:lKH -. 

lIH HCXO.!llfbIM MaTepHalJOM .nnsr nocTpOeHHst HOBbIX CX0J\,{ pacna,!la HlIH nmr yTO'IH0HHst CTapbIX. 

K OH01JHbIM npO.!lYKTOM 3TOA pa60TbI stBHlIHCb ·caeneHHst O B036y:lK.!l0HHbIX COCTOSlHHHX st,!lep H 

0 6 HX KBaHTOBbIX xapaKTepHCTHKax. 

B npennara~OM o6aope 6ynyT Hcnon1.aoBaHbI HM0HHO 8TH CBe,!l0HHst • .[lnst Toro, 'IT06bI 

C .!l enaTb o6aop 6onee 0,!lHOpO.!lHbIM~ Mbl orpaHH'IJHlJHCb TOllbKO .!l ecpopMHpOB8HHbIMH srnpaM~, 

ne:lKaIUHMH B o6naCTH ' f'lcl- 0 s' HO ,!l01'[01JHH1IH ero CB0.!l 0HHSIMH, nony1J8HHbIMH .!lPYI"HMH 

Hccne.noBaTenstMH. 

§ 1. B B e n e H _H e 

Y:lKe 6onee 20 neT H838.!l 6bI1JO ycTaHOB110HO, 'IJTO no KpaAHeil: Mepe H0KOT0pble aTOM

HbI0 srnpa ·He o6rra.!laIOT no,rnoA ccpepH1JecKoil: CHMMeTpHeA. To, 'ITO MHOrHe stnpa o6nanaIOT 

cnl!:HOM H MBI"HHTHbIM MOMeHTOM, eme He 03H81J81JO OTCYTCTBHst y 3THX srnep BHyTpeHHeil: 

CHMM0TpHH, TaK KaK '8TH xapaKTepHCTHKH MorriH 6bITb CBst3a~bI C. BHyTp0HH~M .!lBH:lK0HH0M 
,. ""'::. 

BO BnonHe CHMM0TpK'IHOM srnpe. HO B 1935 ro.ny Wronnep H COTPY.!lHKKK o6Hapy:lKH1IK H 

H-3~i0pH1IK y psrna st,nep 8110KTpK'IJ0CKKA KBaiJ.pyn:OllbHbIA. MOM0HT. TaKO.A MOM0HT He B03HH

KaeT npK Bp8IU0HHH BII01IH0 CHMM0TplPIHbIX Ten. 0.!lHBKO, H81IH'IJH0 KBB.!lPYIIOllbHOrO MOM0HTa 

eme H0 03Ha'lano, 'ITO st.!lpO HM00T H0Kpyrnyro cpopMy: TaKoA MOM0HT MOI' 6bI B03HKKHYTb 

H B TOM cnyqae, 0C1IH 6bl BHyTpH Kpyrnoro st,!lpa npoTOHbI H Heil:TpOHbI 6bI1JH pacnono:lKeHbI_ 

H0CHMM0TpK'IHO: HanpHMep, n.poTOHbI pacnonaranHC'b 6bI npeHMYIU 0CTB0HHO no 8KBaTopy 

apamaromerocsr srnpa HnH Ha ero nonrocax. 

0TM0THM, 'IJTO KBa,!lpynonbHbI0 MOM0HTbI 6bI1IH H8il:,!l0HbI TOllbKO y st,!lep C H0'10THbIM fl/ 

HlIH z HIT.I{ o60HMH; y H,!lep C -~eTHbIMH rJ H z CilHH, MBI"HHTHbIA ,!lHilOllbHbIA H aneK

TpH'10CKHA KBa,!lpynonbHbIA MOM0HTbl acerna OK83bIB?lIHCb paBHbIMH Hynro. 

.[lanbHefimHA nporpecc B npencTaaneHHHX o cpopMe srnpa cBstaaH c st.!lepHofi cneKTpo

cxonHeA. 

. nstTb neT Ha3a,!l ,!laTCKHe q:>H3HKH O.Bop H B.MoTT01JbCOH cpe.!lH orpOMHOro MaTepHana 
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no SI,nepHoli: cneKTp0CK0illill Hamna ,naHHbie, K0T0pbie CBli,lleTenbCTB0Ban11 0 HanII'IIIH y HeKo

T0pbIX SI,nep poTaUIIOHHbIX ypOBHeli: B036y)K.ueHlrn. OHli OKa3anIICb nOXO)KHMH Ha poTaUIIOHHbie 

B036y:m:.u·eHHbie COCTOSIHHSI y roMeononSipHbIX .UByxaTOMHblX MoneKyn, Bpo.ue 02. 

n pHBe.n eM npIU,4ep 0:3 pa60Tb1 Eopa II M oTTenbcoHa 1953 r. 

· 180 . · n epexo.ub1 B sr.upe Hf , B03HHKaIOmHe nocne pa3pSI.UKli H30MepHoro cocTOSIHHSI HI " 0 

IT "'5,5 'Iaca/, 1rno6pa)KeHbl Ha pn:c.2. Oco6oro BHHMBHHSI 3acny)KHBaIOT .u Ba q:iaKTa; 

2+ 4+. 6+ 

no-

8+.H 
. + 

cne.noBaTenbHOCTb KBaHTOBbIX x:apaKTepaCTliK ypOBHe:fi B036y)K.ueHHSI - 0 ' 
I I I 

T,,n. H npa6nH3MTelibHO lIHHeli:HO .B03pacTaromee paccTOSIHIIe Me)K.uy ypOBHSIMII B036y)K.uenn:sr. 

Y ,llB~XaTOMHO:fi MoneKynhl Tllna 02 BpamaTenbHhle COCTO.IIHIISI IIMeIOT xapaKTepHCTHKH 

2+, 4\ 6+ ... 
.. ;ilt!SI· MOJ'lelQWJ,I TaKo_ro THna, B KOTopoli: paccTOSIHHe Me)K.uy aToMaMH He H3MeHSie'l'CSI B 

' p e3ynbTaTe BpameHHSI / "TBep.u bili: pOTaTOp" I, TeOpHSI npHBOLJ)i''I' K ··¢opMyne .UlI.II 9HeprH,H B03-

/1/ 

r.ne I -crrHH cocTOSIHHSI, a 

G-
. 2.. 

MoMeHT HHepuHH /To ecTb Mr , r.ue M - npHBe.ueHHaSI Macc
1
a, a 1:: -pac-

CTOSIHHe Me:m:.uy sr.upaMHI, <POpMyna /1 / B n,epBOM npH6lIH)KeHHH IlO.UTBep)K.uaeTCSI Oilb!TOM. 

3Ta rrpocTaSI q:iopMyna OKa3anacb BIIOnHe IIPHMeHHMOli: K 
· 180 . Hf . Kone11no nesrcno,'!TO 

cne,nyeT IIOHHMaTb no.u MOMeHTOM HHepuHH; HO Mb! MO)KeM noKa npocTO npHHSITb ero neH3BecT-

H oli: IIOCTOSIHHOli: BenH'IIIHOli:, 

CrrpaBa na pHc, 2 rrpHBe.ueHbI 3Ha'!eHHSI I /I + 1 l / H 9HeprHSI ypoBH.,e_li:, KOTopasr nony11aeT-rz, .Z . . • tz.2 
c SI, ecnH orrpe.uenn:Tb KoHcTaHTY QG. 113 nono)KeHHSI rrepBoro ypoBHH: E; =:::. Q Cr • 6 . 
C ornacn:e n6ny11aeTcS1 xopomee .unH E; , HO xy)Ke .unsr £; 11, oco6enHo E: . 

OKa3anocb, 'ITO MO)KeT 6bITb .uocTHrHyTo eme ny11mee cornacHe, ecnH yny11mHTb q:iopMy

n y /1 / - BBecTH B Hee TaK )Ke, KaK MoneKynsrpHo:11: qlH3HKe nonpaBo'IHbili: 11nen, y11HTb1Barom11:II: 

p aCTSII'HBaHHe MOlieKylibl ueHTpo6e)KHbIMII CHliaMH npH BpameHHIIi TaK KaK 9TO pacTSII'IIBaHHe . 

.neli:cTByeT rrp0TIIB ynpyrHX CHlI, CBSI3bIBalOIUHX aTOMbI, TO norrpaBKa .uon:m:Ha 3aBHCeTb OT KOH -

CTaHT yrrpyrn:x CBSI3e:II: 11n11, n:Ha'!e I'OBOpSI, OT .Kone6aTenbHb!X. CBOH:CTB MOlieKynbI, 3Ta nonpaBKa 

II M eeT BII.U: 

r .n e W -qacToTa Kone6ann:_fi; a ocTanbHbie o6o3Ha'IeHIISI npe)KHn:e, 

·. TaK KaK He.lICHO, 'ITO cne.uyeT IIO.[lCTaBlISITb BMeCTO w npII paCCMOTpeHIIH sr.uep, norrpaB-

rl, - B Iz.(.I+i)£ KY cne.uyeT nHcaTb :B 4'opMe ' a E
,.. 

Bee Bb!pa:m:en11e .[llISI I B BH.[le : 
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E; =RI(l+i)-BI2 (I-,.1.) 2 
. / 2 / 

n OCTO.HHHbie A II B icon)KHbl onpe.oen.HThC.H nIIoo no IIOnO)KeHIIIO nepBblX LlBYX ypo~

Heii, m15o IIO nono)KeHIIIO Bcex II3BecTHhIX ypoBHeii IIPII IIOMOIUII MeTo.oa'•HaIIMeHbWII_X KBa.opa

TOBj O0bl'IHO IIpIIMeH.HeTC.H BTopoii CIIOCO0, TaK KaK IIPII HeM Manbre IIOrpeWHOCTII B nono)KeHIIII 

H II)KHero ypOBH.H He HaKannIIBaIOTCSI IIPII Bhl'rncneHIIII IIOnO)KeHII.H BepxHIIX. 

Ecnll neiicTBOBaTh no BTopoMy cnocooy B cnyqae J-lf 180 
,To nonyqaJOTC.H aHa'IeHII.H 

aHeprIIII Bh!COKIIX ypOBHeii, IIpIIBe.[leHHbie B KpaiiHeii IIpaBOH KOnOHKe pIIc.2. 

Corn.acIIe C 9KCIIepllMeHTanbHhIMII aHa'!eHII.HMII .[lOCTIIraeT HeCKOnhKIIX C0ThIX npoueHTa. 

3To YLlIIBIITenhHOe cornaclle B SHeprIIII II B KBaHTOBblX xapaKTepIICTIIKax 0hinO IIO.[lTBep-

176 178 238 ·P· 240 · 
)K .oeHo .oanee Ha uenoM p.H.oe .H.oep 1-/f , 1/f , Pu , u II T • .o. OH.o aacTaB-

n .H eT Hae C.[l enaTb BhIBOLl, 'ITO 9TII .H,apa npe.ocTaBmIIOT coooii Bparua1oruIIeC.H Tena. KoHe'IHO, 

.on.H Toro, .'{TOO bl O0'b.HCHI!Th. 9TO cornacIIe, HeT HeO0XO.[lIIMOCTII B npe.onono)KeHIIII, 'ITO .H.opo 

COCTOIIT II3 LlBYX MaTepIIanbHbIX TO'leK: cpopMyna /2/ .on.H E; IIPIIMeHIIMa .[ln.H CIICTeMbI II3 

nIO0hIX .[lByx TBep.[lbIX Ten, a nocne.ooBaTenhHOCTh CIIIIHOB TpeoyeT TOnhKO, 'ITO0bI STII Tena 

5 hinII 0.[lIIHaKOBbl /ecnII OHII HeO.[lIIHaKOBhI, TO KBaHTOBbJe xapaKT_epIICTIIKII nocne.ooB-aTenhHhlX 

+ + + + 
B paruaTenhHhIX ypoBHeii 0YLlYT co.oep)KaTb Bee CIIIIHhI:. 0 ' 1 , 2 ' 3 II T,.[l,/. Ho Bee )Ke Bbr-

B 0.[l O TOM, 'ITO .H.opa .oecpopMIIpOBaHhI, HE!II30e)KeH. 

Ll anee, Il3 Toro cpaKTa, 'ITO pa3HIIU8 Me)K.oy cpopMynaMII /1 / II /2/ HeBenIIKa .[la)Ke LlllSI 

+ + 
B hICOKIIX ypoBHeii TIIna 6 II 8 , MbI MO)KeM c.oenaTb BbIBOLl, 'ITO .oecpopMaUIISI OCTaeTCSI npII -

0 lIII3HTenhHO IIOCTO.HHHOH npII paamI'IHhIX CKOpOCT.HX BparueHII.H, 

--B- ,, ~,u180 
03HIIKaeT ·Bonpoc: -Henh3SI .nII npe.ocTaBIITh ceue .H.[lpO .J1J B BII.[le annIIIICOIILla, Bpa-

11..l a10rueroc.H BOKpyr cBoeii Manoii ocII? 

HeTPYLlHO _BH.[leTh, 'ITO TaKoe npe.ocTaBneHIJe .[lOn)KHO 0b!Th OTBeprHyTo. y .H.[lpa-an

nIInCOII.[la ~On)KeH 0h!Th IIOCTOSIHilhlH sneKTpII'IeCKIIii KBBLlPYIIOnhHbiii MOMeHT. Y BC_ex rr.oep 

C '{eTHhIMII f-/ II Z CIIIIH II sneKTpII'leCKII_ii KBB)lpynonhHbIH MOMeHT BCer.oa paBHbI Hy;i10, 

a poTaUIIOHHbie ypOBHII 0binII O0Hapy)KeHbI npe)K)le Bcero B Sl.[lpax C qeTHbIMII f,/ II z ' - B 

180 
'I acTHOCTII Y J-lf o 

'fZ !Oo 

Cne.ooBaTenhHO nocTO.HHHBSI IIO Hanpa8neHIIIO, CT8TII'IeCK8.H Ll ecpopMBUII.H /)KeCTKllH sn

nIIIICOIILl 
O I IICKnIO'IaeTc.H. 

Bop II M OTTenbCOH HawnII BbIXO.[l Il3 9TOro nono:>KeHil:.H: Ll ecpopMaUIISI B OCHOBHOM co

CTOSIHIIII SILlpa MO:>KeT 0bITh IIOCTO.HHHOH no BenII'IIIHe, HO He :aMeTb onpe.oeneHHoro HanpaBne -

HIISI B npocTpaHCTBe. BcnOMHIIM aTOM Bo.oopo.oa: B KB)K)lbIH MOMeHT BpeMeHII B 9TOMe ecTb 

aneKTpOH II upoTOH II, cne.ooBaTenhHO, ecTh_ sneKTpII'IeCKIIH LlIIIIOnhHbIH MOMeHT, 0.[lHBKO yme 
-' . , . , 

5 OpOBCKdSI MO.[l enb aTOMa npIIBO.[lIIna K BbIBOLlY, 'ITO ycpe.oHeHIIe 9TOro MOMeHTa nonHOCThlO 
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ero YHH'ITO)KaeT; npH Hcnonb3OBaHHH· BOnHOBOH: MeXaHHKH 9TOT MOMeHT nonyqaeTCSI TO>K.necT

BeHHO paBHhIM Hyn10. To'IHO TaK )Ke necj:lopMartHSJ si.npa B ocHOBHOM cocTOSIHHII II ero BHyTpeH

H H H: KBa.npynonbHbIH: MOMeHT (} o He .OOn)KHbI CKa31;IBaTbCSJ Ha aneKTpOHHbIX o6onO'IKaX aTOMa, 

e cnH opIIeHTaUHSI Go MeHSJeTCSI MHO:r'O pa3 38 BpeMSJ LlBH)KeHHSI aneKTpOHa.no op6IITe. 

.Ll ecj:lopMaUHSJ, noCTOHHHaSJ no BemPIHHe, HO Bee BpeMSJ MeHSJIOIUBSJCSI no HanpaBJieHH JO, 

MO)KeT 6bITb o6p83HO npe.ncTaBneHa B BII.ne BOnH Ha noBepXHOCTII KannH, IIPII KOTOpb!X BbJ

nyKnOCTH, nenaJOIUIIe H3 wapa ·annIInCOIILl, nocTOSIHHO MeHSJIOT CBOe nono)KeHIIe, OCTaBaSJCb He

ll 3MeHHbIMH no BenH'IIIHe • 

BpamaTenbHOe LlBH)KeHHe st.npa CBO.llHTCSl K ynopsi.nO"IHBaHHIO B LlBH)KeHHH 9THX. BhmyKn OCTett. 

HanpaBneHIIe st.nepHOll OCH, nonHOCTb!O Heonpe.neneHHOe B OCHOBHOM COCTOSJHIIH si,upa, npH 

I =O, nocTeneHHO cTaHOBHTCSJ 6onee onpe,ueneHHhIM npII nepexo,ue K BhICOKHM B036y)K,ueHHhIM 

C OCTOSIHHSJM: st.npo He cpa3y CTaHOBHTCSJ )KeCTKHM poTaTop_oM, HO nocTeneHHO npuo6peTaeT. ero 

C BOll:CTBa. 

Bop H MoTTenbCOH paCCMOTpenH 3a,ua"ly O KonneKTHBHbIX ,UBH)KeHHSIX g,uepHoro BemecT-

. + + + 6+ C 
Ba H o60CHOBanH cpopMyny /2/ H nocne,uoBaTenbHOCTb .CnHHOI\ 0 ' 2 ' 4. I TO'IKH 3peHHSI 

r H.npo.nHHaMHKH. 

TipHBe,UeM 6e3 o6cy)K,ueHHSJ HeKOTOpbre BbIBO,Ubr; · BbITeKa!OIU_He H3 IIX TebpHH: 

1. Ka* nasi poTauHOHHasi nonoca cocTOHT H3 pst.na ypoBHett. · Y ·;CHOBHoro cocTOSJHHSJ 

nonochl.HMeeTCSl 6o6cTBeHHhlH: MexaHH"leCKHH: MOMeHT K, Hanpa~neHHhlH: no OCH CHMMeTpHH 

n.n pa •. n pH BpameHHH si,upa BO3HHKaeT nononHHTenhHhrtt BpamaTenhHhrtt MOMeHT R, · 
HanpaBneHHhIH: no ocu BparueHHSJ. B o6rueM cnyqae 

H o6pa3yIOT nonHhrtt MOMeHT. st,upa I /cM.puc.3/. 

R H K BeKTOpHO CKna,u bIBa!OTC SJ 

2. y poTaUHOHHOH: nonochl, CBSJ38HHOI C OCHOBHhlM COCTOSIHIIeM 

H Z , K = 0, y ocHOBHoro cocToSJHHSJ R =O u, cne,uoBaTenbHo, 

Sl,U ep C 'IeTHbIMH ('I 

I "' 0,, y B036y)K -

,u eHHhrx R H , cne,uoBaTenhHO, I paBHbl 2, 4, 6 ... 

3. y poTauHOHHOH: nonOCbI ii:e'IeTHbIX g,uep K paBHO cnHHY OCHOBHO:r'O COCTOSIHHSI Io . 
nocne,uoBaTenbHOCTb cnHHOB BparuaTeJibHhIX COCTOSIHHH: npH K =fa½, TaKOBa: L·I+t•I-¾2. 

·) 0 J O J ••• 

4. 3Hep:rHSJ B0~6y)K,ueHHSI BparuaTenbHbIX ypOBHett ,UJISJ SJ,uep C He'IeTHbIM A: 

' ) t E~ == R{I(I-ti)-Io (Io-ti)}-B{I(I·d)-Io(I-ti);-

E;,K=i =fl{I(ti1)+a(-1}
1

+
112 (r+ ¼Jc013/E} 

n ocne,uHHH: "lneH <>THOCHTCSJ To·nbKO K n,upaM G I = I /2. 
0 

/3/ 

5. Y n,uep c K 

Hott 
6 a" B cj:i. /3/. 

I = I/2 nocne,uoBaTenhHOCTh cnHHOB 3aBHCHT oT BemI"IHHhI nocTosiH
o 

6. H a6n10,uaeMbIH: KBa.npynonbHbIH: MOMeHT 

cj:iopMynott: 

G CBS138H C BHyTpeHHHM MOMeHTOM 
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Q.= Go I (2 To - 1) 
(Ia +1)(2lo +~) 

/4/ 

§ 2. 0 5nacTH n ecpopMIIpoBaHHhrx· sin ep 

OTKpbITIIe Bopa H MoTTenbcoHa npHBneKno BHHMaHIIe MHOI'HX cpIIaIIKOB, II aa nocnenHIIe 

nSITb neT noSIBIInIICb necSITKII 9KcnepIIMeHTanbHbIX II TeopeTH'ieCKIIX pa5oT. npe~ne Bcero 

H a'ianIICb nOHCKII sinep C OT'ieTnHBO Bbipa:>KeHHbIMII Bpar.uaTenbHb!MII ypOBHSIMH'.. K 'HacT_OSII.UeMy 

B peMeHII poTaUIIOHHbI9 nonOCbl o5Hapy:>KeHbl B Tpex o5naCTSIX nepIIO.!lH'iecKott CIICTeMbl aneMeH-

T OB: B o5nacTII No-jl~-~e ' B o5nacTII Nd-Os- l{ B o5nacTH, pacnono:>K9HHOfi aa Ro ·.Bo Bce:x 

T pex cny'iaSix poTaUIIOHHbIMII nonocaMH 06nana10T sinpa, pacnono:>K eHHbre B5nIIaII cepenHHbI npo

M e:>KyTKa M0:>K.!lY aanonHeHHbIMU o5onO'iKaMH, HO OTHIO.!lb He BCe SI.!lpa 9TOI'O npoMe:>KyTKa. 

O'ieBII.!lHO, 'iTO ycTOH'iHBaSI uecpopMaUIISI SI.!lpa aHepreTH'ieCKII Bb!I'O.!lHa He Bcerna, a TOnbKO 

BnanII OT aanonHeHHbIX o5ono'ieK. HeKOTOpbre cpaK_TOpb! nettcTBYIOT npoTUB necpopMllUHU: Ha-

n pHMep, noBepxH~CTHa~ II aneKTpocTaTH'iecKaSI aneprnn sin pa yBe~H'iHBaIOTCSI npH · ero n ecpop-

MaUHH. Dnsi Toro, '!T05br cyMMapHaSI · aneprnn Bee :>Ke yMeHhWanach npn necpopMaU~H HY:>KHO·, 

'iT05bI BHyTp9HHSISI ynaKOBKa sinpa CTaHOBHnacb ny'iweii: npn HanH'illll necpopMaUHH. Bnp5pa!Ip 

paccMOTpen 9KcnepHMeHTanhHbJe naHHble o5 9HeprHH CBSI3ll HyKnOHHblX nap B sinpax C 'ieTHb!Mll 

f./ n Z · n Hawen, 'iTO ynaKOBKa, nefi<BTBHTenbHO yny'illlaeTCSI c necpopMauHeii. 8TOT acpcpeKT 

nepeKpbrnaeT yBenH'ieHHe noBepxHocTaofi ·n aneKTpocTaTH'iecKofi aHeprntt TonhKO npn 5onhll1HX 

n ecpopMaunsix Bnann OT o5ono'ieK. npn aToM .oK·aaanoch, 'iTO TaKoe nepeKpbITne ocyr.uecTBnsieT

c sr .TOnbKO B Tpex HaaBaHHblX Bbillle o5naCTSIX. Annep n np. npnwnn K BbIBO.!lY, 'iTO Bpar.uaTenb

Hbie COCTOSIHHSI non:>KHbl 5b!Tb y TaKHX sinep, y KOTOpbIX 9HeprHSI nepBOI'O ypOBHSI Boa5y:>KneHHSI 

ynoBneTBopsieT nep~BeHCTBy: 

' 

* -1-:. :l t . <. 13 _[1_ 
1 . G -gn _ 

r n e Cr :1/l - MO Me HT HHepunn :>K ecTKoro annnnconna OTHocnTenhHO ero Manoii: ocn: 

2 - . . LIR. 
G =-- MR 2 (1.+o.33- + ···) 

9.n 5 o ' Ro . 
r n e M n · Ro - Macca n cpenHnfi pannyc nnpa, a ll R. - paanocTb 5onhll10fi n Manon ocefi 

a nnnnconna. 8ToT KpHTepnii: npn5nnanTenhHO npaBHnhHO yKaahrnaeT rpaHHUbI o5nacTeii: yc_Tofi

'iHBoii: n ecpopMaunn n ncKnIOqaeT B03MO:>KHOCTh cymecTBOBaHHSI npyrnx o5nacTeii .u ecpopMnpo -

' ' l 
j 
I 
I 

\ 

E 

:: 

C 

f. 

8 

K 

T 

y 

9 

r 

3 

SIJ 

'iE 

HI 

'iE 

lH 

aa 

ne 

Ka 

pa 

Ha 

CT 

CB! 

eT 

I, 

K 
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BaHHblX sinep. OH II03BOnSieT TaK)Ke CBSI3aTb TOT cpaKT, 'ITO He· B Ka)K.[IOM npoMe)KyTKe Me)K.z::ry 

aanonHeHHbIMn: o6onotJKaMn: ecTb sinpa c apamaTenbHbIMn: ypoBHflMn:, c 6onblllOH ::rneprn:eil: 

rrepaoro B036y)K.z::reHn:SI B TaKllX g.z::rpax. TaK, Harrpn:Mep, .Bpama'I'.enbHb!X COCTOf!Hllll HeT B6mrnn: 

z = 30 n:nn: 44, XOTfl n: rrpOTOHHafl n: HeHTpOHHaSI o6onO'IKll B g.z::rpax 9Tll:X o6nacTett .z::raneKII 

OT aarronHeHIISI. 

YKaaaHHbIH Kpn:Tepnil: KpciMe ·Tpex. o6nacTeil:, r.z::re y)KE! n:aaecTHbI BpamaTenbHbl0 cocTosi-
8 

H n:fl, yKa3bIBae_T eme Ha fl.l::IPO 8 e ' 0.[{HaKo aKcnepnMeHTanbHbie_ .z::raHHbie, 0TH0CflU{IIeCSJ K 

STOMY sinpy, He Il03B0nflIOT c.z::renaTb flCHbie Bb!B0.[lbl. 

B HaCTQSI uieM ~6aope Mb! paccMaTplIBaeM CBOHCTBa· T0nbK0 Tex .z::recpopMIIpOBaHHb!X fl.z::rep, 

K0TOpbre ne)KaT Me)K.z::ry fv'd... II Os BKnIO'IIITenbH0. 

no-an:nn:MoMy, He ace flnpa fv'ct , Pm. , Sm, £.u , Re II Os · .z::recpopM1IpoBaHb1. Kpn

Tepn:eM rrpn: rrpn:nn:caHn:n: sinpy ycTofiqn:aoil: .z::r ecpopMaun:1I f!BnsieTcfl Hannq11e poTauiioHHOtt rronocbI 

y 0CHOBHoro C0CT0SIHIIfl SI.z::rpa - no Kpail:Heil: Mepe nayx Boa6y)K.z::reHHb!X .COCT0flHIIH, y K0T0pb!X 

aHeprn:fl, CIIllH n: qeTH0CTb TaKn:e, KaKn:e Tpe6yIOTCfl B poTaun:oHHOH nonoce • .LlononHn:TenbHbl0 ap

ryMeHTbI, OTHOCSIU{lleCSJ K SI.z::rpaM C He~eTHbIM A, npn:ae.z::reHbl B CO0TBeTcTBYIOilleM paa.z::rene.YKa-
. . 

3aHHbie 

sin pa Mn: 

Bb1we .z::recpopM1IpoaaHHbI0 si.z::rpa aaHnMaIOT npn:6nn:a1ITenbHO nonoanHy IIHTepaana Me)K.z::ry 

Ce /l/0. I' Pb.208 •/ z . ., , 1IMe10mn:ivM aanonHeHHbre o6onotJKH 1v = 82 n . =82. 
'58 82 82 /26 

CBOHCTBa g.z::rep OKa3bJBaIOTCfl qpe3Bb!'I8HHO cn:nbHO OTnlI'IalOU{ll:Mll:Cfl B 3aBUCllM0CTll OT 

'IeTHOCTn: fl_ H z . noaTOMY .corrocTaBneHIIe c_BOHCTB fl.z::rep Mb! 6yiieM. npon:3B0.[lll:Tb paa.z::renb

HO rro rpynrraM, 06'be.[l1IHfllOU{llM g.z::rpa C 0.[lll:HaKOBott . qeTHOCTblO fl H z 

§ 3 • .H.npa c''IeTHb!Mll. fl II Z 

Ha pn:c.4 rrpe.z::rcTaBneHbl ,ypoBHII B036y~.z::reHn:SI Bcex .z::rocTaTO'IHO n:aytJeHHb!X fl.z::rep c_ 

tJeTHbIMn ~ n: Z a o6nacTn fvd-: 0 ,g ; IIcrronbaoaaHbI ace .z::raHHb1e, rrof!an:awn:_ecSJ B )KypHa

n ax K 10 cpeapans:1 1958 rona. 

3.1. QepBblll VpOBeHb B036V)KneHUfl 

CorrocTaansisi rrono)KeHn:e rrepaoro ypoBHfl aoa6y)KneHnfl B fl.z::rpax pHc.4, Mb! npe)K.z::re acero 

aaMetJaeM 6nnaocTb aHeprn:ii aoa6y)KneHn:fl • .Llnfl yno6cTaa cpaBHeHHfl Ha pHc.5 rrp1rne.z::reHbI Te )Ke 

rrepBbl0 ypoBHll B036y)K.z::reHUSI, HO MaCWTa6 SHeprn:II CIInbHO yaen1ItJeH. B cpenHett tJaCTH pn:cyu-
.. 

Ka rrepBb!e ypoBHll paanlI'IHb!X g.z::rep OTnn:tJalOTCSI MeHbWe, qeM Ha 10 KSII. B cpaBHll:BaeMb!X SI.z::rpax 

pa3HOe qn:cno HyKnOHOB, g.z::rpa HMelOT pa3Hb!e :::iapSI.[lbl, nx aueprlISI CBSI3H OTnn_qaeTCfl rrpn:MepHO 

Ha 15 Maa, HO Ha rrono)KeHnn rrepaoro ypOBHSI ece·aTo rrotJTn He CK83bIBaeTcSJ, 8To_o6cToSJTenb

cTBO IIOKa3bJBaeT, 'ITO B SI.z::rpax STOro Tn:rra rrpOSIBnSJIOTCSI KaKn:e-To o6mn:e xapaKTepUCTllKll, He 

CBSI3aHHbJe C OT.z::renbHb!Mll HyKnoHaMn: nnn: napaMn: HyKnOHOB. Mo)KeT 6b!Tb B. STOM MecTe ·cne.z::ry

eT. BCIIOMHll:Tb rrpo CTapyIO KarrenbHY!O Mo.z::renb SI_.z::rpa, Kor.z::r'a-TO OH8 IIrpana otJeH~ 6onbWY!O ponb 

L si.z::repttott cpn:3n:Ke, CaottcTBa SI.z::rep MeHSinHcb, c_ornaCHC) STOH MO.z::renH, O'IeHb nnaBHO OT SI.z::rpa 

K fl.l::IPY, 
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nnaBHoe H3MeHeHIIe 3HCpI"HH nepB0I"O ypoBHSI HaBO,llHT Ha Mb!Cnb, 'ITO H .npyrHe xapaKTe

pHCTHKH 3TOI"O yp0BHSI / HarrpHMep, aneKTpH'leCKHfi KBa.npyrronbHhlfi H MBI"HHTHhlfi-.nnnonbHhlA 

MOMeHTbI, I"Hp0M8I"HHTHOe 0THOllJeHHe, BpeMSI )f(H3HH nnn illHpHHa ypoBHSI H T • .ll. / .non)l{Hbl n3-

MeHSITbClI nnaBH0 OT SillPB K n.npy. 8 0THollJeHHH HeKOTOpb!X xapaKTepncTHK 3TO Y*e IIOLlTBep

)KLlBeTcSI. 

PaccMaTpHBBSI pnc.5 Mb! MO)KeM T8K)Ke cnenaTb cnenyrorune BblB0Llbl: 

a/. O6ruan TeHneHUHSI 3BKnIO'IaeTCSI B TOM, 'ITO K Kp8SIM o6naCTH E7 IIOBbilllaeTCSI 

164 190 
loT 72,8 KaB nnn Dy noxonnT no 186 KaB nnn Os I. 

6/ CpaBHeHne To'IeK, ne)Karunx Ha onHoil: BepTHKann, noKa3bIBaeT, 'ITO npn 6onbllleM 

Z aHeprnst E; Bcerna 6onbllle. npn6aBneHne napbr npoT0HOB Bcerna nenaeT nnpo 6onee 

·nyXnhIM, a rrpnoaBneHne_ napbl Heil:TpOHOB Co3naeT TBKOil: acpcpeKT TonbKO B CBM0M K0HUe 06-

naCTH Ll ecpopMHpoBaHHh!X SI.ll ep. 

. * 
Bl Ha Benn'Irrne E

1 
HUKaK He CKB3bIBaeTcn aanonHeHne nono6onoqKH Z === 64. 

3.2. BpauraTenbHBSI rronoca 0CH0BHOI"O COCT0SIHIJSI 

B Taon. 1 co6paHhl. Bee LlBHHbre 0 rrono)KeHHH BparuaTenbHblX ypOBHeH B. nnpax C 

qeTHblMH fv' H z 
B 16 cnyqastx Ta6nnuw 1 naBecTH0 rrono)Keene n nepBoro n BToporo ypoiHSI. OTHO

ill eHII8 HX 3H8pI"Hil: B030Y)l{Ll8HIISI,KOH8'IHO,He paBH0 10/3, T8K KBK HrpaeT ponb BTOpoti qneH cpop-

. E;- (lf-1-) 
Mynhl /2/. B Taonnue 1 rrpIIB8Ll8HhI 3H8'I8HHSI E.[ ( $:2''') ; 0HH 38 0LlHHM IIcKnIOqeHn-

·, e M M8Hbll!8, '18M 3,33, ~o npnonH)KBIOTCSI K 3Toil: BenII'IHH8 B. cepe.nnHe o6nacTH .necpopMIIpoBaH

H hIX sinep. K KpaSIM o6nacTH 3T0 0TH0llleHIIe 3H8'IHTenbHO yMeHbll188TCSI. To )Ke· CBMOe Ha -

6nronaeTcSI II C ypoBHSIMH 6+II <3+: OTHOW8HHSI c; /£; II E:/E7 'He paBHhl 7 II 12 I 

6nII)K e BC8I"O K 3THM BenU'iIIHaM B cepennHe o6nacTH H II8Ll8IOT K Kp8SIM. OTCTynnemrn OT 
· 2 . 2 

3H8'18HHfi 7 II 12 IIOK83hIB8IOT 1 'ITO HeOoXOLllIMO BBOLlIITb IIOnpaBKy-Bl /I + 1 / , 0 KOTopoti 

I"OBopnnocb Ha CTp.5 /CM.pnc.6 I. 

.[lnSI BB8.ll8HHSI STOti norrpaBKII Hy)KH0 onpenenIITb CHaqana B, a nnSI ST0I"0 HY)KH0 aHaTb 

SH8pI"IIIO MIIHIIMYM ,nByx ypoBHeil:, HaIIpIIMep, E,* (2+) II E: (4 ... ) 
,· 

B 16. cnyqaSIX TaonIIUhI 1 3TII BenH'IIIHhI: H3B8CTHhl. no HIIM Bh!'IIICneHh! A II B 
J 

II 

peaynbTaThI rrpIIBe.neHhI B Taon.11 n Ha. pIIc.7 II 8 B Bnne 11epHhIX KPY*KOB. B· 9 cny11aSix 

TaonHUhl 1 sHeprHH B030Y*Ll8HIISI II3BeCTHbl Y*8 oonee, qeM nnsi .llBYX ypOBHeii. B 3THX 

cnyqaSIX A II 8 M0I"YT 0h!Tb H8HLl8Hhl II0 MeTony H8IIM8HblllIIX KBa.npaToB; TBKII8 3H8'18HHSI 

A II B npHB8Ll8Hhl B Ta6n._l 1 H Ha pnc.7 H 8 B BIILl8 rrano'IKII, xapaKTepIIayrorueti rrorpell!HOCTb 

nony'IaIOIUYIOCSI npn npnMeH8HHII MeTo.na HaIIM8HbUlHX .KBanpaToB. no-BIILllIMOMY, MO)KHO yTBep

)K naTb, 'ITO H A H B B O0I.ll8M cnyqae SIBnSIIOTCSI nnaBHhlMH cpyHKUIISIMII MBC CO B0I"O 'IIICna C 



xapaKTe

ronhHhIH 

!OilTBep-

180TCSI 

6onhlll eM 

o 6onee 

14. 

pax c 

• 0THO

£n0H cpop-

,roe Ha -

II 12 , 

'iIISI OT 

:oTopoi!: 

> 3Hl;l.Tb 

II 

1yqas:rx 

9TIIX 

aqeHIISI 

llHOCTb 

:> yTBep

cna · c 

.H .1t p 0 

I 

60 r,tdl~g 

62 152 
Sm 90 

64 G-d
1~6 
156 

66 :D:t 90 

154 
62 Sm 92 

156 
64 G-d 92 

158 
64 Crd 94 

160 
66 J)~ 94 

64 
160 

u-d !J6 

162 
66 J)~ ~6. 

68 
164: 

£i. 96 

164 
66 D~ 98 

166 
66 E.i 98 

168 
68 ciroo 

70 
'.ibl70 

IOO 

I 10 
'lbl72 

f .102 

I 70 
. I HfI74 

104 

I 70 
rc,174 

104 

t I · 176 
72 Hf 104 

I yi,176 
70 106 I 

I 12 Hfi6~*) I 

- II -

T a 6 JI H y a l 

51,!tpa c qerHw.t:H f-1 H. z· • 
PoraQHOHH~e ypOBHH 

1.;,n 2-Il 3-Il 
YPOB8HI> ypoBeH1> ypoBeiir, 

Ei(2•) E; (4+) E3"' (6•) 

2 3 4 
, 

I'.30 - -
122,2 367,5 -
123,02 371,06 718,l 

136 - -
80 - -
88,97 288,16 ;. 584,9 

79,I 260,8 -
86,5 283,0 -
76 - -
80,80 265,6 548,4 

90,5 - -
72,8 248 470 

, 
· 81,l 264,9 -

-
80 266,5 548 

84,23 -277,7 --
78,7 260,2 -
90 - -
76,6 - I -

' 88,34 290,4 596 

77 •., 

; - -•· 

93,17 .306,87 632,7 

4-11 Et(4t') ypoBe,ir, 

E; (a•) E; (2• ) 

5 6 

- -- . 

- J,OI 

- 3,016 

.. - -
- -
- 3,231 

- 3,297 

- 3,27 

- -
- 3,28'i 

- -

- 3,407 

- 3,266 

- 3,31-

.- . I 3,297 

I 3,306 -
I ' 

- -
- -
- 3,28 

' .- -
1059, 7 3,294 



,. 

l 

180 
_ 74 _w I06 

180 
72 Hf 108 

182 
74- W 108 

184 
74 Wno 

- 186 
76 Os IIO 

186 
74 Wn2 

188 
76 °sn2 

190 
· 76 OSII4 

2 

102 

93,3 

I00,125 

1n;IJ 

137,2 

122,9 

155 ' 

186 
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3 

308,8 

329,36 

·350 

546 

4 

641,8 

1046 

5 

1085,8 

1660 

6 

3,310 

3,289 

3,15 

2,935 

:IE) ){Ba 3Hatremrn 3Heprm,I 3 H 4 YPOBHei{ odyCJlODJieHll TeM, IITO ~e/lCHO, 
Kaxaa H3 .IlBYX cY -JlHHHH 325,8 H 331,9 COOTDeTCTByer nepexo,lly 
6 ... - 4+ • . , 

TadJIJLY.a__ II 

IlapaueTpli AH B ,llRR poTUUHOHHliX IlOJlOC B 11eTHO-
. 11eTHiiX SI,llpax. 

.H .It p 0 

l 

152 
Sm 90 

G-dI54 
90 

G-dl~~ 

A 
D K3B 

2 

21,IB 

21,34 
20, 2.:tO, 6 

·15 02 
14:94 .:t0,12 

r.~ 158 I 13 25 
LT.._ 94 I , 

.D~ l~~ 14,53 

162 13,55 
Dy 96 13,54.:t 0,23 

j) 164 
:f 98 

12,02 
13, 3.:t o, 5 

I 

B 
B K3B 

G 
r.CM 
xrn47 

3 I 'l 

0,141 ! I,64 

0,139 I 1,63 
0,072.:t0,015 

0,0324 
0,022.:t 0,003 I · 2,34 

0,0102 

0,019 

0,0133 
O,OIO.:t 0,006 

2,62 

2,39 

2,56 

1

-0,019 
0,049.:tO,OIJ 2,61 

G f Gccp 

5 

0,396 

0,384 

0,542 

-0,594 

. 0,530 

0,557 

0,555 

hw = 

V!bfi':j 
6 

. B K3.B 

6 

1040 

970 

1540 

1910 

1610 

1990 

880 

I 
I 
I 
I 

I 
' l 
r 

l 



J 
- D _. 

I 2 J 4 5 6 

£ 166 
-z 98 13,6'.3 +0,0194 2,55 0,5'.31 . 1450 

£-z168 
IOO 

I3,J7 
I'.3,54 .± 0,05 

0,0060 . 
O,OII9,±0,0012 2,57 0,526 1810 

-

~g170 
IOO 14,01 O,OIIO 2,46 0,49'.3 2020 

r.1}72 
102 I'.3,16 0,0076 2,64 0,519 2190 

f.//176 
104 

14,9'.3 
14, 81,±0, 05 

0,0166 
0,0149,±0,0012 2,'.32 0,440 1790 

Hfl78 
106 

15, 61 . 
15,66,±0,04 

O,OI'.32 
0,012J,±0,0021 2,22 0,412 215'.3 

(15,506) (0,0068)' 

Hf180 
108 

15,60 
15, 54,±0, 08 

0,00•79 
0,0067.tO,OOI'.3 2,2'.3 0,407 2990 

'" 

w' 182 
108 16,78 0,0156 " -2,07 0,'.370 2200 

.. 

wIB4 
IIO 18,96 · 0,0729 1,8'.3 0,'.321 '.3860 

190 32,59 0,264 · Osn4 30, I,±1, 1 0,12,±0,0J 1,06 ., 0,177 4580 

IlPHMEtJA.IllUI: 1) T8J.f, r.!{e ,A H B .!{RHU C norpewHOCT:bD, OHH onpe.!{8Jl8Hll O n.o~ 

).IOlll>ID ueTO.!{a H8.lfM8HLWMX KBa.!{paTOB no TpeM HJUt ll8TllpeM 

ypoBHml; T8J.f, r.!{e AH B YKa3aHll 6e3 norpeWHOOTH - H3B8CT

Hli TOJlLKO .!{Ba ypoBHH, 

2) npH BlilUICJl8HHH -Ji, W H G- npe.!{noqTeHH8 OT.!{aHO 3Halle-

HHSW:, noJtytieHHUM no Wiorm, ypOBHHM,. 3a' HCKJlD'l8Hli8M 

G-cl l54 H Os 190 r.!{~ npHHHTH 3Haqemrn, BUTeKaD~He 

H3 nepBWC .!{BYX ypOBHeR,· 

'.3) .!{JlH onpe.!{8Jl8HHH A H B y Os 190 HCilOJII,30BaHJ,I mt60 
.!{Ba, JIH60.TpH ypoBHH; qeTBepTua .!{aeT OtI8HL 60JII,moe • 

OTKnOH8HH8 .OT ¢opuynu (2). 
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H860nI,WHMH OTnH'IHHMH Y H,ll8p C pa3Hb~MH.z .OHH H3M8HHIOTCH .. p83KO TOnbKO y KpaeB 06-

naCTH .uecpopMHpOBaHHbIX H,llep, HO ecnH 0TCTyrIHTb OT KpaeB Ha 6 8,llHHHU aTOMHOI'O Beca,'To 

5' oc'Tal0lll8ACH o6naCTH o6e BenH'IHHbI IIO'ITH IlOCTOHHHbI. 

Bo3HHKaeT BOnpoc; HaCKOhbKO xopowo cpopMyna. 12/ c .llByMH IIOCTOHHHbIMH A H B onH

ChIBaeT nocne.uoBaTenbHOCTb :irneprHii: B036y':>K.tr.eHHH B Tex cny'IaHx, KOI'.ll8 H3B8CTHO 3 HnH 

4 BpamaTenbHbIX COCTOHHHH? He Hy:>KHbl nH .uanbH8li'.WH8 nonpaBKH? 

OTB8T Ha STO Borrpoc .uaeT Ta6nHua ill, B KOTOpo:ii: COIIOCTaBneHbl 8KcnepHM8HTanbHble 

H paC'I8THbI8 3H8'I8HH.f.l aHeprHii: B036y:>K,ll8HHH, nocne.aHH8 H8li'.,ll8Hbl no 8KCII8pHM8HTanbHbIM ripH 

IIOMOlllH M8TO,lla H8HM8HblllliX KBa.apaTC>B. 

Xopow ee cornacHe B cepe.aHHe Ta6nHUhI .anH 1) 
162 

y • 
168 1-Jf l"fb 6-r, • 

178 180 Hf H Hf , MO:>KHO yTB8p:>K,ll8Th, 'ITO norrpaaxa B I 2 /1 + 112 
.stBnHeTCH rnaBHOH'. ·-

BQ BCSIKOM cnrrne .anH cepe.aHHbl o6nacTH H B rrepBbIX Tpex ypoBHSI~. 

Xy:>Ke o6CTOHT .a eno Ha Kpa,HX o_6naCTH · - . c st,llpaMH Gr;i 154 
H 

190 Os • HH npH xaxHx_ 

3Ha'I8HHHX A H B cpopMyna /2/ H8 MO:>KeT 6bITb cornacoBaHa C 0IIbITOM. npH IIOIIbITK8 corna~ 

~oBaHHSl aHeprHii: Tpex nepBbIX ypoBHeii: rro M8TO.llY HaHM8HblllHX KBa.apaTOB rrony'IalOTCSl pac

XQ:>K.ll 8HH.f.l B 5-10 KaB, · BhIXO.llHlllHe 3a rrpe.uenhI B03MO:>KHhIX rrorpewHocTeii: orrhITa. Bo3no-

. u O 190 
:>KHTb OTB8TCTB8HHOCTb 38 pacxo:>K,ll8HHH T_OnbKO Ha rrepBbIH ypOB8Hb Henb3H: ecnH B $ 

BhI'IHCnHTb rrono:>KeHHe ypoBHeii: E,* H Et no E2* H E;- , To nonyqaeTCH 173 H 1558 Kaa, 

TO 8CTb H8 CXO,llHTCH C OIIbITOM 8H8pI'lfH 060HX yp0BHeii:, H II8pBO~O H 'I8TB8pTOI'O. npHXO,llHT

C.Sl IIpH3HaTb, 'ITO paCXO)K,ll8HHH CBSl38HbI 'H C BbHBOKHMH ypOBHHMH. B HH:>KH8li'. 'I8CTH Ta6n.W 

. , . £* r-H 154 190 . 
nono:>Kem1e ypoBHeii: 3 H c.i, .anH Gd H Os .BhI"mcneHo rro axcnepHMeHTanbHhIM 

~ ,. Elt . 
sHa'IeHBHM f:; H E, . PacqeTHbie 3Ha'I8HHst .unst 3 oKa3bIBalOTCH HH:>Ke orrhITHbIX Ha 70-

140 KsB, a .anH E( - Ha 680 KaB: norrpaBKa B 1
2 
/I + l I~. oKa3hIBaeTcH xax 6b1 cnHWKOM 

6onbwoA. 

3.3. M OM8HTbl HH80IIHH 

no B8nH'IHH8 A MO:>KHO onpe.uenHTb .acpcpeKTHBHbiii: M0M8HT HH8pUHH: 

. . . n.2, 
G - -----" •' .- .. 2/t --

' 3Ty aenH'IHHy ecTecTBeHHO corrocTaBnHTb co 3Ha'leHHHMH M.oMeHTa HHepuHH .nnH TBep.uo~o li 
.wapa: G...i =I 2/5 / MR! :am1 TBep.uoro snn:arrco:a.ua, apamaJOmerocH BOKpyr Manoii: o_c:a • 

.. .,. 2 2, R.. . 
G3n =-r M R.o {1. _,. 0,35 AR.o) 

r.tle M - Macca st.tlpa, Ro - cpe.aHHii: pa.tlHyc, d R. - pa3HOCTh 6onbllloii: H Manoi!: rrony -

oceA. 

. G-
OTHOlll8HH8 ~ rrpHB8.tl8HO B Ta6n.11 H H3o6pa:>K8HO HS pHc.9. Ka'I8CTB8HH08 cor-

U" apGp 
n acHe c O:>KH.aaeMoA 38.BHCHMOCThIO G- 1G ~ OT aTOMHoro aeca HMeeTcH; G/G- ~ HMeeT MH-/' c~~ c~~ 

(~ 
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Ta 6 ~ H·q a ill 

3KcnepHMeHranbH&e H.pacqerHue. 3Ha'CleHHa 3HeprHH.Bosdyx,l.leHHa 
. .a.nep C qermum N H . z· · .. 

fl ).l p 0 
• 

E* I E2 E* 3 
E"t-

4 

154 - 3KCn: 123, 02 371,06 718,l -G-d. -
pacq: .II8,5 374,9 720,7 -

I56 
G-d. 3KCU: 88,97 288,15 584,9 -

pacq: · 89,05 290,0 588,7 - \ 
I62 ·3-l(CU: 80,8o· 265,6 548,4 --~ pacq: 80,9 266,7 550,7 -

.D 164 ·3KCil: 72,8 248 470 -~ pacq: 78,0 246,1 471,3 -
168 3KCD: 80 265 545 -6~ 

-pacq: 80,8 266 547,5 -
·- 176 

. 3KCD: 89 292 598 -Hf . 
pacq: 88,3 290,2 596,7 -

178 
Hf 3KCD: 93,17 306,87 632,7 1059,7 

(638,8) (1065,8) 
-

pacq: 92,81 307,4 639,l 1079 
\ 

(93,52) (308,3} '•. 
... 

180 3KCII: 93,3 308,8 641,8 1085,8 
Hf 93,0 308,l 640,9 1084,2 

.. . pacq: 

190 3KCD: 186 546 1046 (1660). 
Os pacq: . 176,0 552,6 1048,4 ., 

, 
-- -- ~-

er-J54 pacq: 123,02 371,06 651 816 

190 pacq; 186 546 903 978 o, .. 
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HllM8JibHbie 3HatJeH:irSI Ha Kpasrx o6naeT:ir, r.o:e .o:ecpopM8IIllli MBJibI, ll MaKeHM8JlbHOe aHa'leHH' 

B eepe.o::irHe o6naeT:ir, r.o:e eeTeeTBeHHO O:lKH.0:8Tb HaH60JiblllHX .o:ecpopMaIIH:ii:. H eOOTBeTeTBeHH0 

Ha:ir60JiblllHX MOMeHTOB llHepu:irn:. 

0.o:HaKo, .a6eonIOTHaSI Ben:irtJHHa G- oxaabmaeTesr HecxonbKo· HeO:lKH,naHHofi; G aHa'ln:Tenb· 

HO MeHbllle, qeM Cr rl--. ll y:lK IIO.O:BBHO MeHbllle, tJeM 
e't'ep . 

Ci- • • 8To Mo:lKeT paceMaTpHBBTbesi: an 
K8K YKB.38.Hlle Ha TO, 'ITO BO BpameHHH IIPHHHMaeT yqaeTHe He Bee SI,npo • 

To o6eTOSITenbCTB<>, 'ITO · G << G-c :ireKJIIO'IaeT BO3MO:lKHOeTb onpenen.eHHSI Benn:'IHHbI 
. ~ . 

,necpopMll.IIliH H,npa / _/-3 llJIH -'ti!:. / IIO 3HB.'leHll!O 9cpcpeKTHBHOI'O MOMeHTB. HHepuHH (:i 

.o:o TeX; nop, IIOKll __ He 6y.o:eT SieHo, 'ITO :lKe BpamaeTeSI, 

OnHaKo, Ben:ir'IHHa .o:ecpopMaun:n: Mo:lKeT 6bITb onpe.o:eneHa HeaaBHeHMO - no BpeMeHaM , 

i 
)Kll3HH Boa6y:lK.o:eHHblX eoeTOSIHllil: HJill IIO BepoSITHOeTH KynoHoBeKOI'O Boa6y:lK,neHHSI 9THX eoc-, 

TOHHHA. 3HatJeHHSI ,/3 np:irBe.o:eHbl nanee B Ta6JIHue 1 Y. 

M bl MO:lKeM e 'IlleTo llJIJIIOCTpB.TllBHOil: uenbIO npoBeeTll ,UBS epaBHeHHSI:1 / MO:lKHO 

G e MOMeHTaM:ir miepu:irn: G "nyHoK ", OTn:irtJa10- l . n~ . 
G :..4 R. G . : 

cpaBHHTb 9KenepHMeHTaJibHbie aHa'IeHI~SI 

,;::::- 2-;;- ..i..· PeaynbTB.TbI :irao6pa-
1 nyH ~ e't' 

:lK eHbI Ha p:ire,9, OH:ir yxaabIB_aIOT _Ha np~6mrn:irTeJibHO noeToSIHHoe 3Ha'leH:ire G/GJl'fl'~0,75 I 
lllliX 9JIJIHIIeOH.O: dT en:ireaHHOI'O B" Hero IUapa: 

BO Beett o6naeTll .o:ecpopi:rnpoBaHHb!X SI,nep. rpy6o I'OBOpSI, "'Bpar.uaeTesr"'nyHKa, yBeJill'IeHHaH i 
Ha 30%, 2/ MO:lKHO onpe.tien:irTb q:ireno HYKJIOHOB, HaxonSim:irxesr B Tax oil: yBen:irtJeHHofi nyH;e,j 

. . 2 tlR. ,· !,2. LJ/l ) 
OHO np:ir6n:ira:irT~JibHO paBHo: Tl. ~qo::: i,;;J ~- i- 3 -=;r- •A . OxaabI - 1 

• • I 
• I 

BaeTeSI, 'ITO rt rl--.rl--. IIO'ITll noeTOSIHHO . BO Beeil: o6naeTH n: ec:ieTaBJISieT OKOJIO 50 HYKJIOHOB ~ 
. a't''t' . l 

/p:ire.10/, i 

PaayMeeTeSI, 9TO. TOJibKO llJIJIIOeTpl:l.IIHH, .HnepHoe Ber.ueeTBo; no-BH.UllMOMY, ,UOBOJibH) . I 
npOHliIIBeMO .O:JISI si.o:epHb!X HYKJIOHOB, _TeK 'ITO OHi:! B KB.Kott-To Mepe *npOHll3b!BaIOT" Bee sinpo,i 

, I 
n p:ir 9TOM y:lKe HeT eMbiena I'OBOpllTb O Bpamaromeil:eSI ll ·HeBpamarometteSI 'IaeTSIX, OnHaKl 

I 

oeTaeTeSI cpaK':'OM ll To, 'ITO acpcpeKTllBHblil MOMeHT llHepu1m B.UBOe MeHbllle MOMeHTa llHepu1rn:/ 

KpYI'JIOI'O SI.O:pa, 

3,4. KQne5~T~llbIU,Ie _KBB_IITbl 

BbITeKaIOIUBSI ll3 OIIbITB BeJill'IllHB B, KBK y:lKe YKB3bIBB.JIOeb pa.Hee, eBSI38.H8 e 9Hepr11eil: 

nepBOI'O xone5aTeJibHOI'O ypOBHSI cpopMynott 

~)5 ( 1 )2, 1.6 Jl3 B = 2 ( Q ti.w - = (-Ji. w)2-
noeTpoeHHott IIO B.HaJIOI'llli e cpopMynoil: .O:JISI ,nByXB.TOMHO:ii: MOJieKyJibl, 

KOHE!'IHO, HellaBeeTHo, KB.K naneKO MO:lKHO npOBO.O:liTb 9TY irnaJIOI'lllO~ 0.UH8KO npeneTaB

JISieTeSI Bee )Ke llHTepeeHblM Bbl'IHeJIHTb ti.w no 9Kenep:irMeHTB:JibHblM 3H8'1e~HSIM A ll B e TeM, 
I. 

'IT06bI BbISieHliTb, He IIOJiy'la:IOTeSI Jlli paexo:lK.o:eH:ire BO MHOI'O paa e 9Kenep:irMeHT8JlbHb!Mll naH-

HbIMH O BbieOKllX ypOBHSIX BOa6y:lK,neHHSI 'leTHo-qeTHbIX SI,nep. 

i W'~., l-...il , 
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3HB'I9HH ... 

39TCTB9HHO 

rpHBBTbCSJ 

nlI'IliHbI 

rnepun:n (:i 

3peMeHaM 

8THX COC-

/ MO:lKHO 

bl H3o6pa-
... 
:r ft'("~o, 75 

mn:'!eHHast 

IOU nyHKe, 

OKa3bI 

tnOHOB 

JJ,OBOnbHO 

BCe SIJJ.po. 

~X. OJJ.HBK 

a n:Hepun:n 

Heprn:efi 

)9JJ.CTaB

~ C TeM, 

IMH JJ.BH-

B Ta6mme H rrpn:BeJJ,eHbI 3Ha'!eH:rrst 

neHa rpaq>n:'!eCKli Ha pn:c.lL 

- 17 

ti,w , aTa :lKe BenH'!HHa rrpeJJ.cTaB-

M O:lKHO KOHCTBTlipOBBTb, '!TO h W rrorraJJ,aeT B o6naCTb pacrrono:lKeHHSI .BbICOKliX 

ypOBHefi B036Y:lKJJ.9HHSJ, HO · KaKofi-nn:60 38KOHOMepHOCTH, KOTopast II03BOnn:na 6hr CBSI38Tb 1i w 
C orrpeJJ,eneHHbIMli rrpaBn:naMH, IIOKa He BHJJ,HO. 

3.5·. BpeMSI )KII3HH B036y:lKpeHHbIX COCTOSIHHH 

BpeMSI )Kli3HH rrepBbIX pOTBUHOHHbIX ypOBHefi :reTHo-'!eTHbIX SIJJ,ep MO:lKeT 6bITb HerrocpeJJ,-

10-9ceK.B Ta6n.1Y OTMeCTBeHHO H3MepeHO Ha OIIbITe, ·TaK KaK OHO COCTaBnsteT BenH'!HHy OKono 

q eHbI JJ.BHHbre rrony'!eHHbre TaKHM crroco6oM. 

K po Me npSIMbIX H3MepeHlill Bp9M9HH, B03MO:lKHbI TaK:lKe H KOCBeHHbie, CBSI38HHbie C 

orrpe.u eneHHeM BepOSITHOCTH KynoHOBCKOI"O B0.36Y:lKJJ.9HHSJ pOT8UHOHHOI"O COCTOSIHHSI. TeopHSI 

aToro MeToJJ.a pa3pa6oTaHa oqeHb xopowo. 

nepHOJJ, 

B036y:lKJJ. eHHSI 

+ 
nonypacrraJJ.a ypoBHSI 2 ~BSI38H C rrpHBeJJ,eHHOfi BepostTHOCTbID KBBJJ.pyrronbHOI"O 

+ + . 
B /E 2; 0 ~ 2 /,orrpeJJ,enSiroIUeficSI B OIIbITax no KynoHOBCKOMY B036y:lKJJ,e-

H n:ro, COOTHOllJeHHeM: 

r JJ. e 
+ 

aHeprHSI ypoBHSI 2 B ~aB, 

nonHbill K03<p<pliUHeHT KOHBepCHSI rrepexoJJ,a. 

+. + 
CBOJJ.Ka aKcrrepnMeHTanbHbIX JJ.BHHhrx OTHociITeJibHO B /E2; 0 - 2 / rrpuBeJJ,eHa B 

o63ope AnJJ.epa, Bopa H JJ.p. /cTp.500/, MbI JJ.OrronHnnn ee 6onee rro3JJ.HHMH orrpeJJ.eneHn:SI

MH. Bee 3Ha'!eHn:SI TI 12 rrpnBeueHbI B Ta_6nnue IY. 

BpeMeHa :lKHSHH BTOpbIX po-raun:oHHhIX cocTostHHfi, aa :rrcKnro'!eH:rreM B -z 168 
/ nnu E 't 166 

/, 

HeH3BeCTHbI~ TaK KaK H rrepBbI9 H BTOpbre poTaUHOHHbie COCTOSIHHSI pa3pSI:lKaIDTCSI nepeXOJJ,8MII 

Tn:na E2, TO OTHOllJ9Hlie BpeMeH )KU3Hli BToporo H rrepBOI"O ypoBHefi JJ.On:lKHO cneJJ,OB8Tb cpopMy

ne 

T (q-r) =(-_L)5
::: o Oi45 

T (2+) · . 7 I ' 
/aepoHTHOCTb KBaJJ.pyrronbHOro nepexoJJ.a rrporropunoHanbHa rrSITofi cTeneHH aHeprn:rr/. 

+ -9 -11 
T aK KaK T /2 / ;:::::. 10 ceK, To· T 74+f-::=- 10 -- ceK. 8TH 3Ha'!eHHSI xopowo cornacyroTcSI 

168 166 + -9 -11 
c JJ.8HHbIMli JJ.nSI a~ /HnH ciz I, I"JJ,e T /2 / = 1,8x 10 c , a T/4+ /=-8x10 ceK. 

61>e,J!.11ueuuwil HHCTHTP I 
epu1:1x sccneJJ._oeaellll , 
6H&J100TEKA .. 
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Ta5n IF· 
lleptrogbl noAljpCtcnaga nepobZX. 8oJOl:f*9eH-

. H6lX cocmOflHUil /j .a9po.x. c ?:..i:Jml.J671'-fllMtZ 

£~ lllpHrtble kYOOH08CK.803ii_ C:,l 0 

fi F..,_Treop fl_gpa 'U.JMepenti~ d. . B (E 2} ~-1l{ 
11/ 

X/0 Crt t 17¾ 8ce£.x/O 
",[; IC C"f1 

lld''0 1.30 0,:,5 165 3.'I Lf.8 Q25 1/0 
s,,,,1s2. 122 l,f/-0:tO,/O 1.27 JI {J/7 57 

I 
Q28· so 

Sm's~ 80 OL/8(11-.1, 6. 7 033 70 · 
Gel'$" 123 1,20!:0,/0 llt-2 5. t 0,81 6.J 030 60 
Gd'S6 89 f.21/(N~ 8,8 QL;/ 120 
Gc/'ss 79 1,02(11-rlj /00 ·OJ/6 160 
Gd'bO 76 1 (1+o1.~' 10. 097 160 

-lJy'60 86.5 I. 8 7.8 OJ5 ()5 
JJyt6'1 72.8 I.ti , 9.5 0.1// 11/5" 
Ee'6

., 90.5 I. I; 56 7,8 033 95"" 
Ee! 16b 81 i r;t 0,2 8.1 7.8 033 9~ 
£~ /64 80 1,8 1.8 033 95" 
yg110 8112 1,v 1:a2 7.1/- 7.5 030 go 
l-/f /76 89 1,.35±0, 10 6. 7 'f. 3 . 1.09 7.5 029 95 
1-[f ITS 93.2 085/1,1.J 8,/ 03/ 110 

/-If 140 
9j_3 1,1/0tQ/l 5.6 5,.3 /.13 7,/ 027 80 

k/'81. tOQI i,2ltQJO if.h 5. 6 0.89 7. I 0. 2.b 6~ 
w' IJ'/ Ill.I 65" 0 21/ 65° 
Os'S6 IJ72 1,8 ff; S.5" 020 6'0 

Os'u 155 Q65t0,/j 095" 5:/ 018 lfo 
Os'so 186 as L/.2 Of5 .30 

i 
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l13MepSITb TaKlie BpeMeHa no MeTony aanep:>KaHHbIX COBnaneHliii TpynHo, B TO :>Ke BpeMSI 

MeTOllbl KYJIOHOBCKOI'O Boa6y:>KneHHSI II peaoHaHCHOI'O Boa6y:>KneHHSI 

· · o+ 4+ u T8K K8K nepexon ~ liMeeT KpaHHe MaJiyIO BepoSITHOCTb. 

3ana'Ia onpeneneHHSI BpeMeH :>Kli3Hli BepxHHX poTaUllOHHbIX ypOBHeil, BepoSITHO, 6yneT 

.ll'[{Jl8Tb. 8KCnep11MeHTaJibHOii li TeopeTH'IeCKOii paapa60TKli SIBJieHHil, _B03HliK8IOIUliX npu B03-
, .. , . , · . , . I I . t · 

6y:>KneHHli Sinep npu cToJIKHOBeHHH c '!aCTHUaMH /peaKUHH n.,n.; p,p ;~, ol n·T.n,/jnpH 

T8KliX CT0JIKHOBeHHSIX pa3HOCTb CnliHOB Hrpae1; MeHblliyIO pOJib. 

3.6. K Ba.gpynOJibHbie MO Me HT bl Hli:>KHliX poTaUHOHHbIX COCTOSIHHii. 

YcKopeHHe J'.'. - nepexo.goB THna E2 Me:>Kp.y HHMH 

Mb! nOJI)KHbl pa3JIH'l8Tb, cornacHO MonenH Bopa li MoTTeJibCOHa, BHyTpeHHHil KBanpy

nOJibHblll MOMeHT Qo ' onpenenSIIOIUHHCSI cp_opMoii srnpa, H ~_a6nronaeMblll npH B38HMOn_e:ltcT-

Billi C aneKTpOHHOil o60JIO'IKOil KBanpynonbHbIH MOMeHT Q • • 

Qo .. Oll.HO n To :>Ke nnSI Bcex poTaUHOHHhIX cocToSIHHii, CBSI3aHHhIX c ocHOBHhIM 

C0CTOSIHlleM, TaK KaK y HliX Y Bcex onuHaKOBaSI necpopMaUHSI, HanpoTHB, Q_ y Bcex 8TllX 

COCTOSIHliH pa3Hoe, 

J,13 npuBeneHHb!X B Ta6n.1Y naHHblX O BepOSITHO(;TH nepexona B poTa-

UllOHHOH nonoce MO:>KHO onpenenHTb BHyTpeHHHii MOMeHT G.o 

B nocnenHeii KOJIOHKe Ta6nHUbl 1 y npHBeneHbl 3Ha'!eHHSI Go llJISI Tex necpopMupoBaH

HbIX Sinep, y KOTOpbIX li3BeCTHO T1/2/2+ I. 

OTMeT~M, 'ITO npHBeneHHhie 3Ha'!eHHSI Go 
. ·-24 . 2 • · . 

KOJie6JIIOTCSI OK0JI0 7 .10 CM , B TO BpeMSI 

K8K Qo , C':)OTBeTCTByiotuee 8KB8TOpliaJibHOMY nBH:>KeHHIO onHoro npOTOHa COOTBeTCTByeT 
-24 2 · ,, . ,. 

~O,1,10 CM • 8To He3aBHCHMblM o6pa30M 'nonnep:>KHBaeT BblBOllhI,cnenaHHbie Ha CTp. 16 

'ITO BO BparuaTeJibH0M nBH:>KeHHH y'IaCTByeT HeCKOJibKO necSITKOB HYKJIOHOB, 

8TH )Ke paccy:>KneHHSI M02KHO HCnOJib30BaTb nnsr oueHKH BepoSITHOCTli E2 nepexonoB 

Me:>Kny poTauno·rHb!Mli ypoBHSIMH. nocKOJibKY B /E2/ ~ a.o.2 , ' a G_o 3H8'IHTeJibHO 60Jibllie 

KBanpynoJibHOI'O MOMeHTa, o6ycnoBneHHOJ'O nBH:>KeHHE:M onHoro _npoTOHa, TO SICHO, 'ITO BeposrT-

HOCTb p accMaTpHBaeMblX KonneKTliBHblX r-nepexonoB llOJl:>KHa 6hITb BO MHOI'O pa3 

/ ""100 paa/ 6on&me BepoSITHOCTH onHo'!acTH'IHOro nepexona, pacc'!HTaHHoii no cpopMyne 

MornKoBcKoro, B nocnenHeM cTon6ue Ta6n.IY npHBeneHbI naHHbie o Benu'IHHe F' /oTHome

Hllli Ha6JIIonaeMo:lt BepOSITHOCTH nepexona K paCC'IHTaHHOii no cpopMyne MOllIKOBCKOro/, non-

TBep:>Knarorune aTo npennono:>KeHne. nerKo aaMeTHTb, 'ITO K KpasrM o6nacTu necpopMupo-

B8HHblX srnep, rne napaMeTpbl necpopMaUHH MeHbme, yMeHblliaeTCSI li BeJIH'IHHa F' 
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3 .7. Benu"IUHa hecbopMauun 

noMUMO Toro cpaKTa, "ITO ,uecpopMUpOBaHHbie H,upa o6na,uaIOT oceaoii CUMMeTpueii, 

06 ux cpopMe npaKTU"leCKU nO"ITU HU"lero He USBeCTHO. E.u~HCTBeHH~ii UCTO"IHUK CBe,ueHuii 

q aeTamrx cpopMbI stapa - 9TO ,uaHHbie 06 OTHOCUTellbHbIX llHTeHCllBHOCTSIX B TOHKOii CTpyK

'Fype o{ -:- cneKTpOB, ·o.uHaKO UHTepnpeTauust 9TUX aaHHbI~ He BUOlIHe O,llHOSHa"IHa. 

npocTeiiwee npean_OlIO)KeHue O cpopr.1:e ,uecpopMUpoBaHHOI"O st,upa TO,. "ITO OHO SIBlISieT

CSI snnuncOU.llOM BpameHUSI. nolIO)KUTellbHbiii SHaK KBa,upynOllbHb!X MOMeHTOB yKa3bIBaeT Ha 

T0 1 "ITO 9TO BbITSIHYTbiii 91IllllUCOU,ll. 

M O)KHO paalIU"IHbIMU cnoco6aMU xapaKTepuaoBaTb BbITSIHyTOCTb staep. B lIUTepaType 

ea onUCbIBaIOT O,llHOii U3 "l:eTbipex xapaKTepUCTUK: 

a/ axcueHTpUCUTeTOM t 91IlIUnca, nony"laIOmerocst npu ce"l:eHUU 91IlIHUCOU.lla IllIOCKOCTbIO, 

npoXO.llstllleii "l:epea ero 60llbWYIO OCb, 

6/ BelIU"IUHOii 6= lit - rae ~ R. - paaHOCTb _6onbWOH u MalIOH nonyoceH 

snnuncou.ua, a R.. - paauyc wapa, Taxoro )Ke 06;1>eMa KaK y snnuncouaa, 

rae 

a/ aenu"IUHOH d,2 B paano)KeHuu paauyca no nonuHoMaM Jle)KaHapa 

R. <== 8 { i f,i,£ p:l (cos e )+di, P11 (CO:f 0)+ ···} 

6 - .Manast nonyocb 1 

r/ BelIU"IUHOii ,fi I onpeaensteMOH ua Bblpa)KeHHSI 

}2=I-v ol ~J} 

Bee STU xapaKTepUCTUKU CBSISaHl,i Me)K.llY co6ott: 

6.R..'--::::iE 2 (1+; E2,+··) 
R.- 2. .. 

/2. - _!!_ ii :r, 1l R.. 
/-'- 3 5 ,C-

::::- llR--f06--r 
M bl 6y .ll eM UOllbSOBaTbCSI B aa1IbHeHw eM xapaKTepucTUKaMU ,f, u f).f. Koa¢cpuuiie~T 

aecp~pMauuu _,/23 MO)KeT 6b!Tb onpeaeneH Henocpe,uCTBeHHO no BHyTpeHHeMy KBaapynonb-

HOMY MOMeHTy st.llpa: 

Go- V~3T l_R2J (1+ 0,!6J +· ··)· 

I 
. ' 
' 

npe; 

0611 . 

.. Ha 

"lae'I 

no-a 

pa u: 

UUOH 

paao 

6y)K, 

Hoe 

061,e 

UMU 

.llBYX 

3Ha'I 

Haxo. 

Mb! I 

C pa 

nocm 

HeHTJ 

apyr 

KUe l 

B SHI: 



eTp:ireii:, 

CB9.ll 9HHH 

i CTpyK-

.srnnsreT

BaeT Ha 

epaType 

OCThIO, 

,nyoceii: 

'liilH9HT 

lPYIIOnh-

r 
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BbPrncneHHbre rro Q o , npHBe.ll eHbI p.srnoM c HHMH B Ta6n.1 Y; oan· 
npeacTaBneHbI TaK:lKe Ha pHc.12. 

n ecpOpMaUHH .11,llep OKa3bIB.aIOTC.II 3Ha'IHT9nbHbIMH! 

0 6naCTI:I .ll ecpopMHpOBaHHbIX .11.ll ep. T aKa.11 snnHnCoHnanhHOCT.h BnonHe 

Ha J)I:lc.13 H306~a:lKeH ~pyr H snnHnCOH.llbI C 4f =.0,2.H 0,4. 

. ' 

B cepenHHe 

38MeTHa Ha .rna:3. , . 

K Kpa.llM o6nacTH necpopMHpoBaHHbIX .srnep necpopMaitH.11 YM9Hhwa:eTcsr, HO o6naCTb KOH:-;. . 

11aeTcsr npH 
11l· -:::::- 0125 / f•.fct 150 

/ u~ 0,14. I Oc 190 I. TI pH MeHhwHx AR../ R. 
no-BHLlHMOMY, IIOCTOSIHHaSI necpopMBilH.II .11.0:ep OKa3bIBaeTC.II SHepreTH'l9CKH H9BbirO.llHOA H .11n-

pa HMeIOT Kpyrnyro cpopMy. 

3.8. BbICOKHe ypoBHI:I BOs6y:lKneHH.II, OCHOBHbie cbaKTbI 

H npencTaBneHH.11 

npH paCCMOTpeHI:IH -pHcA 6pocaeTC.II B rnasa, 'ITO ypOBHI:I, He npHHanne:lKaIUI:Ie K poTa

UI:IOHHOH nonoce OCHOBHOro COCTO.IIHH.II, HHrne H9 cnycKaIOTc.11 HlDKe 600-900 Ksa. TaKHM. 06-· 

pa3oM, .11apa C '19THbIMli f/ H Z .IIBn.lIIOTC.11 TPY.llHO Bos6y)K,llaeMbIMH nn.11 BCOX TI:IIIOB BO~- -

6y:lKLl9HI:ISI KpoMe BpamaTenbHbIX, B STOM, KaK Mb! YBH.llHM nanbwe, npo.11Bn.11eTc.11 HX KopeH

HOe _0TnH11He OT .11,llep C H9'19THbIM {'I HnH Z IHnH H fl H Z / t CB.1138HH08 C rionHbtM 

06'b9LlHH9HH9M B napbl /'cnapHBaHHeM" / Bcex HyKnOHOB. 

3KcnepI:IM9HTaTOpbl Y*9 .o:o6panHCb no BbICOKI:IX ypoaHefi. B036y)K.0:9HI:I.II, XOT.11 '.ll06bITbltt 

HMH MaTepuan eme aeBenHK • 

. 11 M8IOIUI:18C.II 8KCII8pI:IM8HTanbHbl8 naHHbI8 co6paHbl B Ta6n.Y. 

Mo:lKHO O:lKI:l.llaTb, 'ITO. BbICOKHe Bos6y)K.ll8HHbI8 COCTO.IIHH.11 '18TH0-'18THbIX .11nep 6ynyT 

.llBYX THIIOB! 

1 / BOs6y)KneHHbl8 COCTO.IIHI:1.11, B03HHKaIOIUH8 ~cnencTBHe KonneKTHBHblX .llBH)K8HDJi 

3HatJHTenhHbIX rpynn HyKnOHOB, 

2/ Bos6y)KneHHbl8 COCTO.IIHH.11, CB.1138HHbie C p_a3pbIBOM KSKott..:nn:60 rrapbl liyKnOH<?B, 

HaxonHWHXC.11 paHee Ha 0.llHOM aaepreTH'l8CKOM ypOBHe. 

Mb! paCCMOTpHM ceii:qac ypOBHH nepBoro THna, KonneKTHBHbl8 ypOBHH, 06 ypOBH.IIX, CB.113aIJHl>IX 

C paspbIBOM nap H3B8CTHO noKa 0'18Hh H8MHoro, H RSM yno6Hee paCCMOTpOTb n:x· tI03!tH88, 

nocne 0,llHO'laCTI:l'IHbIX ypOBHett B .11.0:pax C H8'18THblM A• 

npe,llCTaBHM ce6e .srnpo a BH.ll e snnHncoHna, paBHOMepHO sanonHeHHOI'O rrpOTOHaMH H. 

HeiiTpOHatv!H• 

ilHnonhHbre Kone6aHI:1.11 B TaxoA c:ircTeMe cooTBeTcTBYIOT cMemeaI:110 . .zipyr OTHOCHTen1,ao 

apyra npOTOHOB H aeiiTpOHOB /cM9LU9HI:18 ueHTpa sap.srnoa OTHOCI:ITenbHO II8HTpa Mace/. Ta-: 

KHe Kone6aHI:ISI .srnepaoro B9IU8CTBa, no-BH.llHMOMY, B03MO)KHbI, H HM9HHO HMH, BepoSITHO, 

B saa11I:1Tenbaoii: cTeneaH 06~.11c11HeTc.11 xopowo ~saecTHoe .srBneHHe 'rHraHTcxoro pesoaaaca' 
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Ta 6 JI 11 g·a Y 

BHcoK11e ypoBHH nosdylKAeH11SI B RApax c tieTHblMl1 t-' 11 z . 

l 

.. YpOBH11: 11X :rnepr1rn li KBaIITOBhle xapaKiepHCTl1Kl1 

976 er-); 1086,6 (2+) ; 1234,8 (3+); 1538 c2-) 

996,6 (I- HJIH 2+); 1128,4 (3); 1404 (2-); 1723 

1500 (3) 

1240 (I- HJIH 2+); 1360 (3); 1948 (2); 2038 (2+) ; 
2048; 2140; 2182 (2); 2260 (3) 

966,5 (2+); 1049 (3+); 1156 (4!); 1200 (I-); 
1264 (T); 1358 (T); 1565 ( 3 ) ; 1656; 1696; 
1721; 2354; 26'.3?; 2771; 2924; 2976 

1462 (O+); 15ltI,6 (2+); 1610 (I-); 2061,3; 
2089,4; 2249; 2548; 2763; 2848 

1080 (4); 1280; 1360; 1800 

II48,8 (8-) 

II42,8 (8-) 

1222 (2+); 1255; 1289 (2-); 1332 (3+) ; 
1375 (3-); 1437; 1488 (4-); 1554 (4-) 

890 (2+); r-vIOOO (3+); II90 (r ?}; 1295 (2- ? );' 
1455 (3~ ?); 1500 

764 (2+) 

730 (2+); 930 (3-? ); 1030 (4-? ); 1440 

633 (2+); 1086 co+?); 1305,6; 1461; 1765; 
1940; 1960 

586 (2+) ; II26 (4+ ?); 

15'99 cm-) 

1380 (2':" ? ) ; 
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npH B036.y)K,nemrn 51.n,ep·:>KecTKHMH ¥ -ny'laMH. 8ToT peaoaam:: rre:>KHT B o6nacTH 1~20 MaB. 

K paccMaTpirnaeMbIM BQ36y:>K.l:(eHHhIM cociosi:HHSIM1 · HMeIOIUHM. a11'eprHIO 1-:3 M~B1 OH OTHowe-:. .. 

HHS! He ll'.MeeT. 

rHI·aHTCKll'.il: peaoHaHC o6bI'IHO CBS1_3bIBaeTCSI C Kone6aHll'.51Mll'. :acex npOTOHOB OTHOCHTen&-

HO Bcex Heii:TpOHOB; ero nono:>KeHHe B HeKoTopo:ll: Mepe 38BHCHT OT 'IHCna ,Tex· JL.llPYI'HX. 

/'rpaHH'IHbie. ycnOBHSI ,l:(1151 pe30HHpyromero Tena•/, HO 3SBHCHMOCTb aTa · He CHllbHast: 8TO -

BH,llHO H3 TOI'Oj 'ITO nono:>KeHHe peaoHaHca He CHllbHO -OTiIH'ISeTCSI B nerKHX H T-H:>KellhIX 

BemecTBax. noaToMy MO.:>KHQ c.nenaTb BhI~q.n, 'ITO OHO onpenemreTcsr B 6onbweil:,-cTeneHH ·

CBH3bIO SI,nepHbIX "IJBCTHU, 'leM norpaHH'IHbIMH ycnoBHSIMH Si.l:(pa. 0TCI0,l:(8 cne.t(yeT, 'ITO ,l:(H

nonbHbie KOne6aHHSl 1 B KOTOpbIX y'laCTBYIOT He Bee HyKlIOHhI st.l:(pa, .l:(011:lKHbI Bee :>Ke HMeTb-. 

6onbllIYI0 "IJSCTOTY H, cnenoBaTenbHO, '6onbwyro 8Hep:rHIO B036y:>K.l:(eHHSI. C B036y:>K.l:(eHHH~H 

BenH'IHHOil: B 1-3 Mas TBKHe KOne6airnsi: He CBH3aHbI. 

BoaMO:lKHO, 'ITO HeccpepH'IHOCTb 51.l:(pa CKS3bIBaeTCH Ha BH,l:(e I'HraHTCKOI'O peaoHaHca: 

,llHITOllbHbie Kone6aHHSI, paanH'IHO opHeHTHpOBaHHbie OTHOCHTenbHO OCH annifncOH.l:(a ,l:(011:>KHbI 

HMeTb HecKonbKO 0TnH'la10m11ecsr "laCTOThI. 8ioT aonpoc y:>Ke ·m'>JlhIMancsr Ha MocxoBCKOM 

coaew:aHHH 1967 'rona. a 88,l:(SBHO K YK :if rennepx/ coo6~HnH, ~TO _WHpHHa l'HI'aHTCKOI'O 

peaoHaHca B snmrnco11nanbHOM si:npe 

C 161 
vu • 

c 163 · 6 .c;.u 3Ha'IHTellbHO OllbW~, "l{eM B KpyrnOM SI.l:(pe 

KaanpynonbHbie sneKTpH'leCKHe KOne6aHHSI 51.l:lpll MOI'YT 6hITb pa3HOI'O THna: 'H_eKOTo

pbie H3 HHX MOryT 6hITb CBH38HbI .CO CMemeHHeM npOTOHOB OTHOCHTenbHO He:ll:TpOHOB, 

a .npyr11e - c necpqpMau11efl:· annHncoHna, conep:>Kamero paBHOMepHyro cMecl:i 

.npyrHx. TipH 8TOM IIPHHHTO paanH'IBTb _fi - KBanpynonbHbI~ 'Kone6aHHsr, nponqxo-

,nHruHe B.l:(Ollb OCH annHnCOH,l:(a, HanpHMep, HMelOIUH8 ero 8KcueHTpHCHT8T, H t .,. 
KBa,npynonbHbie Kone6aHHSI, nepneH.l:(HKYlIS!pHbie ero OCH' H npeBpamalOLUH8 annHIICOHJl Bpa"."" 

w:eHHsr, HanpHMep, B TpexocHbifi annHnccmn.· • 

Pac'leTbI noKa3bIBaroT, 'IJTO OCHOBHOe COCTOSIHHe KBanpynonbHbIX Kone6aHHfi nepB<>.~_o 
+ . . + -

THna ,l:(011:>KHO 6bITb THna O /K =O+/; a BTOpOI'O - 2 /K=2+/. 

Ka:>Knoe Kone6aTenbHOe B036y:>KneHHOe COCTOSlHH8 MO:>KeT SlBHTbCSl OCHOBOfi .lllISI pOTa-
' ' 

UlIOHHOil: Il0lIOCbI1 IIpH'leM BpBLUSTellbHbie JlBH:>KeHHSI .l:(011:>KHbI 6hITb JlOCTaTO'IHO MeaneHHbIMH 

.nnsi TOI'O, 'IT06bI KOne6aTenbH08 ,l:(BH:>KeHH8 ocTaaanocb npe:>KHH_M_ B ·KOOP.l:lHHaTHOil: CHCTeMe 

CBMOI'O si:apa. 

TipH fi -KBaapynonbHbIX Kone6aHHSIX oceBaSI CHMMeTpHSI Si.l:(pa coxpaHSI8TCSI; II08TOMY 

nocne,noBaTellbHOCTb BpamaTenbHbIX COCTOSIHHfi B pOTSUHOHHOfi nonoce .l:(Oll:>KHa OhITb TaKaSI 

:>Ke, !(SK y OCHOBHOI'O COCTOSIHHSI 'leTH0-1{8THOI'O sr.npa: 

xi 
B.Cook,K.Geller, Bul.Am.P.S.,J,56 (I958) 
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.□ PH . 't. -KBaapynonbHbIX .Kone6aHmi'x stapo nepecTaeT 6brTb• _TenoM BpameHHst; npH 

8TQM B03MO:>KHbI Bee 3Ha'!SHHSI CIIHHa H nocneaoBaTenbH0CTb COCTOSIHHH _B poTaUHOHHOH no

+ + + + noce TaKoBa: 2 , 3 , 4 , 5 • 

noMHM0 KBaapynom,HbIX B03MO:>KHbI KOne6aHHSI H 6onee BbIC0KHX cT·eneHeii: CHMMSTpHH - - ' . . . . . . ' 
HanpHMep, OKTynonbHbIS. npocTeii:wee O_KTyrionbHOS Kone6aHH9 MbI MO:>KSM npeacTaBHTb 

ce6e KaK Hano:>KSHHe LlBYX KBaapynonbHbIX. Kone6aHHH, CMSIUSHHbIX II0 cpaae, npH 8TOM ·stapo 

nepecTaeT 6bITb snnHIICOHLlOM H. CTaHOBHTCSI rpyweBHLlHbIM TenoM~ OKTynonbHbI9 Kone6aHHSI 

Beer a a ,npHBO_LlSIT K H9'19THbIM COCTOSIHHstM; TeopHSI npeacKa3bIBaeT nocneaoBaTenbHOCTb 

BpamaTenbHbrx cocTostHHtt. 

1-, 3-, 5 ..................... /K -=0-/. 

3.9. A- KBanpynonbHhle Kone6aHHSI stnep 
7 

B paccMaTpHBaeMOH o6n.!!CTH aecp·apMHpOBaHHhlX staep SCTb TOnbKO OLlHH Boa6y:>KaeH-

.. 
0

+ . 166 
1 

. u 

O 
1 s8

1 6 HbrA. ypoBeHb .THna - y S,z. COMHHTenbHbIA cny'laH - s ; oaHaKQ, B o nacTH 

232 _ _234 
Tst:>KenbIX ,llScpOpMHPOBaHHbIX SILlSP TaKHX cny'laeB H3B9CTHO HSCKOnbKO - .Tfi. 1 U · 1 

P 2?8 n 240 
u " r'U • 

· n·oKa eme Heu·aBecTHbI aocTaTo'IH'o paaBHTire poTaurroHHbre nonocbr, ocHoBaHHbre Ha 

sTHX · ypoBHstX /aa ucKnIO'ieHHeM nepBoro ypoBHst 2 +I. Harirr'lrre Boa6y:>K~eHHbIX cocTOstHHH 

THria' 0 + MO:iK.Ho C'IHTBTb apryMeHTOM B · nonbay Toro, 'ITO B stapax Ha6nroaaIOTCSI ~ 
-- KBaapynonbHbre - Kone6aHrrsi;· 

3.10. · ¥ .... KBanpynonbHbre Kone6aHHSI stnep 

B paccMa_i;:puBaeMoil o6nacTH aecpopMrrpoBaHHbIX st,oep 
.. . ..... :· . . . • ... ·· . , ..... :. . + + 

nocneaoBaTenbHOCTb Boa6y:>KaeHHbIX COCTOSIHHH 2 ' 3 I / 

• + · + + · · 160 
B OLlHOM nocneaoBaTenbHOCTb 2 , 3 , 4 ., 1>1a I. 

B Tpex crry'lastx Ha6nroaaeTcst 
152 . · 182 . 184 

Sm , W , W' I H_ 

. . . . . + .· + 
B TeX cny'lastx,· Koraa H3BeCTHbI TOnbKO ypOBHH THIIS 2 H 3 ' . •. . . . . . . . ' . + 

B03HHKHyTb COMHSHHst: aeAcTBHTenbHO JJH COCTOSIHHS 3 

ecTeCTBSHHO MOI'YT 

+ 
OTnH'laeTcst OT COCTOSIHHSI 2 TOnb-

· KO BpameHHeM? He OKaaanHCb JJH CJJY'ISHHO. PSILlOM COBCeM pa3Hbl9 COCTOSIHHst? 

.llnst TOI'0 1 'iT06bI HaHTH OTBeT Ha 8TH BOIIp0CbI 1 CneayeT paCCMOTpSTb paCCTOSIHHe 
. ·.· . . + ·. ·+ . . . 

MS:>KLlY ypoBHSIMH 2 H 3 • 

C orrracHo cpopMyne /2 I OHO. paBHo: 
~ * . '' . . 2 •· . 

E 2 - E 1 = A/3,4-2
1
3/ ·8/3,4-2,3/ =6A-36B? 

I'Ll9 A = p; 1 TO SCTb B TO'IHOCTH paBH0 paCCTOSIHHIO MS)KLlY yp0BHSIMH 2+ H 0+ OCH0B

H0H potau110HHOil nonocbr, ecnu anst o6errx nonoc oauHaKoB scpcpeKTHBHbrii: M0MSHT HHepuHH. G- • 

CooTBeTCTByromHe aaHHbre co6paHbI B Ta6nHue Yl. 

nc 
err 

Hae 

HbI: 

UHIJ 

H ~ 

cor 

cor. 

8Tll 

OCH 

non 

no 

OH l 

IlpH 

K0TO 

THBE 



npH 
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134, 

e Ha 

II'YT 

!HHe 

H U", 

51,llpO 

Sm152 

D'f 
160 

VI 182 
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Ta 6 n Hu a Yl 

, ConocTaBneHHe ypoBHen THna 2 + H 3 + 

3HeprHH 

IE* 
l 

H 

. ·+ 
1086,6/2 /; 

+ 966,5/2 /; 

1222 /2+ /; 

V 2+ ypoBHeH 

EH 
2 I 

1234,8/3+ / 

1049 13+ I 

1332 /3+ I 

+ 
H 3 

148,2 

82,5 

I IO 

ocH,nonoca 

122,l 

86,5 

100,l 

EH-- E ~ 
2 3 

1,21 

0,95 

I ,IO 

nocne,llHSISI KOnOHKa Ta6nHUbI YI noKa3hIBaeT, 'ITO paccTOSIHHSI Me:>K.ny nepBbIMH ypOBHSIMH H, 

cne,llOBaTenbHO, acpcpeKTHBHbie MOM0HTbl HHepuHH COBna,llaIOT B npe.nenax 20%. 

B Tex cny'IaSIX, KOI'.ll8 H3B0CTHbl TpH ypOBHSI - 2+, 3+ H 4+ - MO:lKHO 1/npoBepHTb, 

HacKonbKO xopowo BhrnonHH_eTcH cpopMyna /2 / .nnH aHeprHH nocne.noBaTenbHhIX poTauHoH

HhIX cocTOHHHH H 2/ BbI'IHCnHTb nocTOHHHbre A H B, a aaTeM acpcpeKTHBHhIH MOMeHT HHep

~HH ~, TToKa H3B0CT0H TOnbKO O,llHH TaKOli cnyqan - B036Y.)K.ll0HHbI0 COCTOSIHHSI 2+, 3 
H 4+ y 160 ]J'J 

+ + + + 
0THOW0HH0 8H0pI'Hli nepeXO,llOB 4 ~ 3 H 3 ---7 2 paBHO 107/82,5 =: 1,29, a 

cornaCHO cp. /2/, npH OT6paCbIB8HHH nonpaBO'IHOI'O qneHa OHO .non:>KHO 6bITb paBHO 4/3 =1,33 

cornacHe .llOCTaTO'IHO xopowee, nocTOSIHHbie A H B OK83bIBaIOTCSI pa3HbIMH: 

A = 13,92 KSB B = 0,0275 KSB 

8TH 3HatJeHHSI .llOBOnhHO 6nH3KH K TeM, KOTOphle nonyqaIOTCSI .nnH poTaUHOHHOli nonochl 

OCHOBHOI'O COCTOSIHHSI: 

A = 14,53 KaB 
0 

B
0 

= 0,019 KaB 

nonpaBO'IHbili KOacpq:>HuH_eHT B Man H onpe.n enSieTCH, KOH0'IHO, B o60HX cnyqaSIX HeTO'IHO, 

TTo BenH'IHHe A H0Tpy,llHO BbI'IHCff0:Tb acpcpeKTHBHblli MOM0HT HHepUHH 

-47 2 G = 2,49.10 I',CM 

OH Bcero nHWb Hli 4,3% 6onbwe, 'I0M acpcpeKTHBHblli MOM0HT HHepuHH OCHOBHOH IIOnOCbI, 

. + + + 
nocne.noBaTenbHOCTb ·poTaUHOHHhr.x ypOBHefi 2 , 3 , 4 ..•. MO:>KeT B03HHK8T1: He TOnbKO 

IIpH '/ -KBa;z::cpynomilihIX ·Kone6aHHSIX· SI.llpa, HO H OKono . .llBYX'IaCTH'lHOI'O ypOBHII, ApryMeHThl, 

K OTOpbre MO:lKHO ceiiqac np_e.nnO)KHTh ,llnH peI.UeHHSI Bonpoca, HMeeM nH Mbl .neno C KonneK

T H BHbIM HnH .llBYX'I8CTH'IH~IM ypoBHeM, RM0IOT TonbKO K8'I0CTB0HHbIA xapaKTep, 
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npnpona ypoBHSI MO)KeT cKa3hIBaTbCSI Ha BeJilI'llIHe 8cpcpeKTlIBHOro MOMeHTa lIHep

UlilI G , CpaBHeHHe BeJIH'llIH G nnsr poTaunoHHhlX nonoc ocHOBHhlX cocTOSIHlifi srnep c 

qeTHb!MlI fl/ lI z lI srnep C He'leTHblM A IIOKa3bIBaeT' 'ITO B nocnenHeM cnyqae OHlI 6onb

w e. 3 _TO KaIJeCTBeHHO o6bSICH5IeTCSI KaK yBeJIHIJeHne necpopMaUlilI srnpa lI3-3a nBlI)KeHlISI 

He'leTHOro HYKJIOHa, KOTOpb!fi YBJieKaeT c co6ofi HeKOTopoe KOJilIIJeCTBO nap. EcJilI TaKoe 

o6b5ICHeHlie npaBlIJibHO, TO MO)KHO .llYMaTb, 'ITO ilBlI)KeHHe nByX HeIJeTHb!X HYKJIOHOB nOJI)K

HO erue ClIJibHee yBeJIH'llIBaTb G . C aTofi TOIJKlI 3peHlISI Bee ypoBHlI 2 +, npHBeneHHbie B 

. • 160 . E.2-~E, 
Ta6nnue Yl, KpoMe ypoBHelI 1>1.1 , SIBJI_SIIOTCSI KOJIJieKTlIBHbIMH, TaK KaK OTHoweHne E -E 

d · 20 10 
6JilI3KO K 1, 'ITO IIOKa3bIBaeT Ha 6JilI30CTb acpcpeKTlIBHbIX MOMeHTOB lIHepulilI OCHOBHOro coc-

TOSIHlISI lI ypOBHSI 2-+-, 

160 + 
OT~eceHHe ypoBHSI D:1 2 K KOJIJieKTlIBHblM ypOBHSIM Bbl3bIBaeT HeKOTOPbie COMHe-

HHSI, n6o ero MOMeHT HHepulilI HeCKOJ1bK0-60JibWe MOMeHTa HHepulilI OCHOBHOro COCTOSIHlISI. 

OnHaKO 3TO OTJilIIJHe He TaK 3Ha'llITeJibHO, 'IT06b! C onpeneneHHOCTb!O rOBOplITb 06 ero nByx

IJaCTlf'IHOfi npnpon e. 

M 0)KH0 Q)KlfnaTb, 'ITO 8HeprHSI KOJIJ19KTHBHbIX ypOBHefi SIBJISl9TCSI nJiaBHOfi cpyHKUHefi 

OT A lfJilf OT K03(p(plIUlI9HTa necpopM8Ulilf _I!, , B TO Bp9MSI KaK nnsi nByX'laCTH'IHblX ypoB

Hefi TaKaSI nnaBHaSI 3aBHClfMOCTb M02K9T 6b!Tb He06SI3aT9JibHOfi: pa3pb!B89Mb!e napbl MoryT , 

HaxonHTbCSI CHaqaJia lfJilf pa3M9CTlITbCSI IIOTOM Ha pa3JilI'IHhlX ypoBHSIX, 

YI M9IOIUlI9CSI naHHbie npencTaBJI9Hbl Ha pnc.14. 

4HCJ10 cnyqaeB, B KOTOpbIX lf3B9CTHbI ypOBHlI 2+H 3-+- H9B9JIHKO, lf TIO HlIM TPYilHO 

HafiTH 3aKOHOMepHOCTb B pacnOJ102K9HlilI ypOBHeit. OnHaKo, 9CJ1lI K HMM no6aBHTb cnyqaH, 

Korna lf3BecTeH TOJibKO OillfH ypoBeHb THna 21: CaMbiit HlI3Klffi lI3 HepoTaUlIOHHbIX, TO Ta

• 
Kasi 3aKOHOMepHOCTb HaMeIJaeTcSI: K KpaSIM o6nacTlI necpOpMlipOBaHHblX srnep 8HeprlISI ypoB-

Hefi 2 +- nocTeneHHO nanaeT. K cepenHHe o6nacTH oHa KaK 6ynTo B03pacTaeT, lI" ypoBHH yxo-

6 " 1) 160 il5IT B H9H3Y'l9HHYIO 30HY BbICOKlfX _B03 y:>KneHHlI; TOJibKO B 'j IIOJ102K0Hlie ·ypOBHSI 

866,5 K8B 2-i-npOTlIBOpe'IHT 8TOfi KOHU9IIUlilI. 

3.11. 0KTVIIOJ1bHbie Kone6aHHSI B sinpax 

B HeKOTOpbIX sinpax Ha6nronaIOTCSI ypOBHlI TlIIIa 1 - / 
152 $m . - 876 K8B; 

166 ' 
f-'Z. -

1610 K8B, G-ci 54 
- · 986 KaB? 

156 -Gd - I 240 K8B? I. AHanorHIJHbre ypoBHlI 1 -, a 

lIHOr,aa li uenbre nocnenoBaTeJibHOCTlI I-; 3-; 5- qacTO BCTpeqaroTCSI B TSl:>K0J1bIX necpop-

222 224 226 - . 226 228 232 238 
MlipoBaHHb!X Hnpax / Ra , Ra. t Ra ,. Th ' '1'h ' u ' Pu /. 

3TH ypoBHlI CBSI3aHbl 2 t -rrepexonaMH Tnna El C OCHOBHb!M COCTOSIHlI0M O+ lI rrep

+ 
BbIM poTaUlIOHHbIM ypOBH0M 2 • AHamI3 OTHOClIT0J1bHbIX lIHTe_HCliBHOCTeit o6onx El rrepexo,aoB 

IIOKa3aJI, 'ITO paccMaTpliBa9Mbl9 ypoBHlI o6nanaroT Ba:>KHOfi. oco6eHHOCTb. HecMOTpSI Ha TO , 
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'ITO rronHhIH yrnoBofi MOMeHT Sinpa B STIIX COCTOBHIISIX /crrIIHI paBeH 1-, ero rrpoeKUIIB Ha 

ocb CIIMMeTpIIII Bnpa K paBHa O. /B cnyqae K = 1 OTHollleHIIe npIIBeneHHirx K on Hoit 

SHeprIIII BepOBTHOCTefi El nepexonoB i (1.- -..p- O + ~ nonYKHO 6hITb paBHO 2; rrpII 
(:f- __,,. z+ 

K = 0 sTO OTHOlUeHIIe paBHO 0,5. OrrhIT HeIIGMeHHO naeT nnB Hero BenII'IIIHY, 6n1I3KYIO 

K 0,5/. EcnlI 6hr STOT ypoBeHb 6bm onHo'IaCTII'IHbIM, TO nnB Hero nonYKHO 6brno 6hr BbI

rronHBTbCSI COOTH01UeH1Ie K = ! = 1. n pOTIIBOpe'IIIT npennono:lKeHIIIO O nByX'IaCTII'IHOH IIplI

pone STIIX ypOBHeii II !IX cpaB_HIITenbHO ManaSI SHeprIIB /oco6eHHO B TSI)l{enbIX Bnpax/. OHa 

HenocTaTO'IHa nnB pa3pbIBa napbI II B036y)l{neHIISI nByx'IaCTII'IHOrO ypOBHB. 

nosTOMY 6bmO npennono)l{eHo, 'ITO OHII o6ycnoBneHbI KonneKTIIBHbIM B036yYK.tleHIIeM' 

Bnpa. He'leTHaB qeTHOCTb B STOM cnyqae YK83hIBaeT Ha cymecTBOBaH!Ie B Bnpe HeKOTOpoii 

n ecpopMaUIIII He'!eTHOro rropBnKa,. Harrp!IMep·, OKTyrronhHOH, Torna nOBepXHOCTb Bnpa 6yneT. 

OIIIIChIBaTbCSI cpopMynoii: 

rne fiz II _j!,3 - rrapaMeTphI KBanpyrronbHoii II OKTynonbHoii necpopMaUIIII, a ¼0 (<7,k Yso (<J;}, 
-- -·-~--- ~-~-----·--"--· 

- lllapoBhre cpyHKUl:III BToporo II TpeTbero nopsrnKoB. J' - nepexonhr TIIrra El IIInII B03-

6yYKneHIIe ypOBHeii 1 - KynoHOBCKIIM rroneM /B03MO:lKHbl TOnbKO B cnyqae rronBpII3aUIIII ,srn

pa, o6ycnoBneHHOH Kone6aHIISIMII IIOBBpXHOCTl:l, ~aK KaK 6e3 nonsrp~3aUIIII UBHTp'3apsrnoB 

COBrranaeT C UBHTpOM TSIYKBCTII srnpa, II sneKTplI'IBCKIIii n1:1rronbHbIH MOMBHT srnpa paBeH Hyn10., , 

KynoHOBCKOB CIInhI B Bnpe crroco6cTBYIOT TaKoii rronBpII3aUl:III, onHaKo IIX 9cpcpeKT O'I8Hb 

Man, II6o OHII GHa'IIITenbHO cna6ee BnepHhIX c1:1n, crroco6cTBYIOllllIX paBHoMepHOMY pacrrpenene

HIIIO 38pBna. noaTOMY BepoBTHOCTb paCCMOTpBHHhIX BbllUB El - nepexonoB nonYKHa 6bITb Ha 

HBCKOnbKO rropSinKOB HII)l{B, 'IBM 9TO cnenyeT II3 cpopMynhI BaiicKoncpa - MolUKOBCKoro. TaK 

KaK 9TII rrepexonhr TeM HB MeHee Ha6n10na10TcSI; TO II3 IIX l:IHTeHCl:IBHOCTeii MOYKH0 rrony'IIITb 

n aHHbre o rrapaMeTpe OKTyrronhH0ii n eqiopMaUIIII,' T .e. Haii:TII ~3 • ,Unsr srnpa, rroBepXHOCTb Ko

Toporo orrpenenSIBTCSI Bblp8)1{8HIIBM@ 1 IIHnyuIIp0B8HHbIH B pe3ynhT8Te rronBp1I38Ul:ll:l, aneKTpII

qecKIIii nHrronhHhIH M0MeHT IIMBBT Bl:!Lt: 

II, cneaoBaTBnbHO, BBpOBTHOCTb El rrepexoaa nporrop.~IIOHanbHa. ~: <_13; > cp. 
A - HBKOTopaB rrOCTOSIHHaB, Ze - 3apBLt Bapa. 

YpOBHII TIIrra "1" - Terrepb MOYKHO IIHTenpBT1IpOB8Tb LtBOSIKO, B 38BIICIIMOCTII OT IIHTep-

rrpeTaUIIII • JIII6o OHII o6ycnoBnBHhl BpameHIIBM Bapa, IIM8l0lllero CTaTII
cp 

'IBCKYIO OTKyrronbHy!O LtBq:>OpM8UII!O /rpy!-11eBIILtH8SI paBHOBBCH8SI cpopMa srnpa/ 1 n1I60 0TKYIIOnb-

H b!MII K0ne6aHIIBMII srnpa, HB II Me10mero CTaTII'leCKOH OTKyrronbHOH Lt ecpopMaUIIl:l /annHrrcoII

LtanbHaSI paBHOBBCHaSI cpopMa/. 

Bhr6op Me:lKny o60IIMl:l IIHTeprrpeTaUIIBMII MOYKHO 6yaeT cnenaTb TOnbKO rrocne neTanb-
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HOI'O II3y'leHIISl 6onee Bb!COKIIX ypoBHeii:. EcnII ypoBeHb "1"' - rrepBblfi BII6pauIIOHHbJH: OKTyrrOnb

HbJtt ypoBeHb, TO non:lKeH cywecTBOBaTb BTOpoii BII6pauIIOHHb!H: ypoBeHb. 

B 9TOM cny'lae non:lKHa 6hITb pOT8UllOHHaSI rronoca C K = 0 + /1 =0+,2+,4+ ••• / C imep

J'II ett, rrpII6nII3IITenhHO BnBoe 6onblll eii, 'leM y ypOBHeii: poTaUIIOHHOfi rronoCbl C K = 0 -. 

noIICKII TaKofi nonoCbl rrpencTaBmtJOTCSl aeCbMa Ba:lKHblMII. 

Bonee neT!lnhHoe II3y'leHIIe oKTyrronhHhIX necpopMauIIfi flJ no rrocnenHer-o Bp~MeHII 

He MO)K eT 6h!Tb rrpoBen eH0 IIs-sa rronH0J'0 0TCYTCTBIISI 9KCrrepII MeHTanbHblX naHHbIX. 

TonbKO B 
152 - -14 Sm IIsBeCTH0 BpeMSI :lKII3HII ypoBHSI 970 KaB C: ~ 3.10 c. E l-rrepexonh1 

B aToM stnpe saMenneHbI B 150 paa /no cpaBHeHIIJO c naHHhIMII cpopMynhI BaiicKorrcpa/. 

BsnB_/3,2 ~0,25 rrony'laeM A~ 0,07. 3To aHa'lemi:e _/33 HecKonhK0 BenIIKo. OTMeTIIM, 

'ITO oueHKa nnn nnpa _Th.,228 
TaIOKe rrpIIBonuT K cnIIlllK0M 6onhlllOH Benu'IIIHe ,/33 . npII

'IIIHhI 9TOI'O B HacTonwee BpeMSI HeHaBeCTHbl. 

YpOBHII 'l" - MOI"YT cny:lKIITb OCHOBOii HOBOfi poTaUIIOHHOfi rron0Cbl. nocKOnbKY K =0-, 

B aTofi rronoce non:lKHa Ha6nJOnaTbCH cnenyJOwan rrocnenoBaTenhH0CTh poTaUIIOHHhIX ypoBHeii: 

1-, 3-, 5-. 3HeprIIII aTIIX ypoB.Heii: orrIICbIBaJOTcn cpopMynoii:: f:::::. ~[J{I+1)-Io (Io+1U 

IInII T.K. ro = I'; 5.=- £~[I(I-+1)-2] .. MoMeHT HHepuIIII Hnpa B C0CTOSIHIIII 

'1"'- non:lKeH 6bITb T0J'0 :lKe rropnnxa, 'ITO u B OCH OBHOM C0CTOSIHHII O+. 

TaxIIe nonOCbl nettcTBIITenbHO o6Hapy:lKeHbl B 
224 226 R.o.. H R.a. . BoaMO:lKHO, 'ITO 

· I" 154 0HII Ha6nJO,uaJOTCSl u ·B · u-c(, /ypoBeHb 1136 K aB/ u 
154 G-ci I ypoBeHb 1360 KaB/ ,II6o 

o6a 9TII yp0BHSl IIMeJOT CIIIIh 3. 

!I 4. .Hnpa c He'leTHbIM A. 

B .nnpax C He'leTHblM A He'leTH0 nII6o rl ' nII6o z ; II0MIIM0 rronapH0 CBSI3aHHbIX 

HyKn0HOB, HMeeTCSl nII6o 1 He'leTHhJii HeiiTpOH, nII6o 1 He'leTHbIH: npoT0H. 

KaK II3BeCTH0, B M0nenII o6ono'leK Maitep CBOHCTBa Bcero Hnpa TSKOI'0 TIIrra orrpene

nstJOTCSl rroBeneHIIeM 9TOii He'leTHO:ii: 'laCTIIUhI. nonaraH, 'ITO, He'leTHaSI 'laCTIIUa nBHJ'aeTCSl B 

cpenHeM none npyr-IIX 'laCTHU II non6IIpan C0OTBeTCTBY!OlUIIH BIIn rroTeHuIIanbHOfi ccpepH'leCKOfi 

HMhI, ynaBanocb B 06wIIx 'lepTax o6'bSICHIITb Ha6nJOnaJOWYJOCSI Ha- orrhITe rrocnenoBaTenbii~cTb 

3 arronHeHIISl HnepHbIX yp0BHeA B 6onbllJIIHCTBe pa:ii:OHOB rrepIIonII'leCKOH CIICTeMbl aneMeHTOB. 

8Ta rrocnenoBaTenbH0CTb ypOBHe:ii: H0CIIT Ha3BaHIIe cxeMbl Mafiep. 

H 

YpOBHII, Ha K0T0pbI8 non:lKHbl II0MelUaTbCSI HyKn0Hbl rrocne aanonHeHIIH o6ono'leK 

f'I = 82, IIso6pa:lKeHhI cneaa Ha pIIc.15 II 16. 

Z =60 

Ha Ka:iKnoM ypoBHe HaxonHTCH 2T+l HyKnoH - OT 2 no 14 B
0
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nacTH. CocTOSIHHSI Bcex 9THX HyKnOHOB C'IHT8IOTCSI 0.[lHH8KOBb!MH B cxeMe Mai!:ep • 

. B paaBHTHH upencTaBneHni!: o cTpoeHHH. stnpa cxeMa M afiep Hrpana n nrpaeT eme 

cefi'l:ac otJeHb 5onbmy10 ponb. KaK npaBnno, BHe o5nacTefi necpopMnpoBaHHbIX srnep, OHa 

xopomo 05'bHC_HsteT HeKOTOpbie 9KcnepHM9HTanbHbl9 Ll8HHbie. npn IIPHM9H9HHH ee K necpopMn

pOB8HUb!M sr.z:ipaM B03HHK8JIH pa3HornaCHSlj HX IIb!TanHCb ycTpaHSITb, CCbinaHCb Ha nepexpe

IUHBaHHe ypOBHeii:, HO 5onhlUHX ycnexoB Ha 8TOM nyTH LlOCTHI'HYTO He 5bmo. npntJHHa 9TOI'O 

B HaCTOHIU99 Bp9MH SICHa. 

Ha LlBH:>KeHHH srnpa cyruecTBeHHb!M o5pa30M CKa3bIBa9TCH necpOpMaUHH srnpa. noTeHun-

anbHaH HMa, B KOTopoi!: LlBH:>KyTCH HyKnOHbI, CTaHOBHTCSI annnnconnanbHOi!: •. HanpaaneHH9 OCH 9JI

nnrrcOHLl8 He cTporo opneHTHpOBaHO B npoc:tpaHCTBe, HO Mb! MO:>KeM, ·nepeii:TH K KoopnirnaT -

HOH CHCTeMe, CBH38HHOi!: C stnpoM, II B 8Toi!: CHCT9Me Bb!.[leneHH09 HanpaaneHne coxpaHsteTcst. 

)lnsr 11105oro· oriH6'tJaCTH'IHOI'O LlBH:>K9HHH B TaKOM stnpe nonHbii!: MOM9HT KonntJeCTBa LlBH:>Ke

HHH•·'j • He stBnsteTcst nonHOCTbIO onpeneneHHO:il BenntJHHoi!:, HO npoexunsr ero Ha BbILleneHHoe· 

HanpaaneHH9 fl HBn'rieTCSI HHT9rpanOM .UBH:>K9HHSl 1 TO 9CTb coxpaHsteTCSI BO Bp9M9HH. Hnnb- . 

COH rroxaaan, tJ'l.) 9Heprnst .UB_H:>KeHHSI HyKnOHa B annnnTHtJ9CKO:il IIOT9HUHanbHOi!: stMe 38BHCHT 

OT a5conIOTHOi!: BenH'IHHbl Jl /o5pa3HO roaopsr,· OT HaKnOHa op5HTb! no OTHOlU9HHIO K OCH 

arrnHnconna/. TaKHM o5pa30M Ka:>Knoe HYKnOHHOe COCTOSIHHe, onHCbIBaeMoe paaee .cnHH0M r, 
. . .· 1 -

paa5naaeTCH Tenepb Ha ! + /2 IIOLlC0CTOSIHHSI C paanH'IHb!MH 3HatJ9HHSIMH J'1. OT l /2 ,UO l. · 

npn 5onblUHX necpopMaUHHX, IIOMHMO 3HatJ9HHSI S'2. I Ka:>Kno_e COCTOSIHHe ·xapaKT8pH

ayeTCH erue Tp9MH KB8HT0Bb!MH tJHcnaMH. nocxonbKY HHnbCOH Bb15pan B KatJecTBe noTeH-

unana srnpa n oTeHuHan TpexMepHoro ocunnnstTopa, TaKHMH tJHcnaMH 5ynyT fl' 
../1..= T 2 ~ N.•_ 'IHcno, xapaKTepnay10ruee CHMMeTpHIO xone5aHH:l!:. OHo yxaabIBaeT H0Mep 

o5onotJKH, K KOTopofi npnHanne:>KHT ypoBeHb n, cne.aoaaTem:.Ho, nonHOCTbIO onpenensreT ero 

tJeTHOCTb, ftz. - 'IHCno, xapaKT.epnay10ruee CHMMeTpHIO Kone5aHn:il B!lOnb OCH CHMM9TpHH srnpa, 

.IL =I' z - npoeKUHSI op5nTan&HOI'O M0M9HTa HYKnoHa Ha OCb CllMM9TpHH Sl!lpa. 

!B peanbHb!X sr.apax, KOTOpb!9 o5na.aaIOT HS O'I9Hb 5onblUHMH necpopMaUHHMH, 9TH Tpn: 
. . • . , I~ ' . : , 

KBaHTOBb!X 'IHcna HBnHIOTCSI H9TO'IHb!Mll, 0.[lH8KO, KSK Mbl yBHLlHM .aanbme, OH ll OK83b!B8IOTCSI 

cyrueCTBeHHbIMH npn: oueHK8 llHTeHCllBHOCTe:tt J H 1 · nepeXOLlC>B. 

Ha pHc. i6 II 15 npllB9Ll9Hbl nn:arpaMMbl HnnbCOHa nnst Hei!:TpOHHb!X ypoBHett nocne 

aarronH8HHOi!: o5onotJKll H3 82 Hei!:TpOHOB H .ansr IIPOTOHHb!X ypoBHei!: nocne 3anonHeHHOi!: 060-

notJKH na 50 · npoToHOB. C neBott cTopoHbI Ka:lKnoro pncyHKa Hao5pa:>K eH1>1 ypoBHH cTapoi!: Mo

n enn o5onO'I8K Mai!:ep; H8 K8:>K.[l0M y pOBH8 MO:lKeT H8XO.[lHTbCSI 'lj + 1. HyKnOH0B. B npa

BOH qacTH 9TH ypOBHll pacmenneHbl Ha IIOLlYPOBHH C paanHtJHbIMH Q I yKa38HHbIMH Ha ca

MHX KpllBbIX._ PstnoM, B KBanpaTHb!X CK05KaX1IIPHBe,aeHbl. 3H~'I8HHSI fl' n. z.' ..IL .BenH'IHHa 

paeuienne,HHH 38BHCHT_ OT K08cpcpnuneHT8 necpopM8UHH ft • Ha Kl:l:>K.[lOM-IIO.UYPOBHe M0I'yT 

H8XO.[lllTbCSI Tenepb TOnbKO. ,ttBa HyKnoaa. 



- 30 -

CHCTeMa ypOBHefi B necpopMHpOBaHHblX Hnpax OK83bIBaeTCH ropaano 6onee cnomHofi, 

'leM B Kpyrnb!X Hnpax. nHHHH paanH'IHbIX no.ucoCTOHHHH Ha pHc.15-16 CHnbHO nepeKpemH

BalOTCH, a TaK KaK KamnaH H3 HHX npo·BeneHa C norpewHOCTblO, Bbl3B8HHOH HeTO'IHOCTblO 

npennochmOK pac'leTa HHnbcoH_a, To onHoaHa'IHO npencKaaaTb nocnenoBaTenbHOCTb ypoB

Hefi .npH naHHOM jO no'ITH HeBO3MO)l{HO; K 9TOMY, · npH npaKTH'leCKOM npHMeHeHHH llHarpaM

Mbl HHnbCOHa, HY)i{HO no6aBHTb BO3MOmHylO norpewHOCTb B BenH'IHHe ,/3 . nnH naHHOJ'O sinpa. 

T eM He MeHee llHarpaMMa HHnbCOHa Bcerna YK83bIBaeT llBa HnH TpH COCTOHHHH, 

MbTepHaTHBHbie nnH paccMaTpHBaeMOJ'O He'leTHOJ'O HyKnOHa. HaCKOnbKO npaBHnbHbl 9TH npen

CKaaaHHH BHllHO H3 Ta6nm1 Yn-YW. 

4,1. CitHHbl OCHOBHbIX_G_OCTOHflHH 

B Ta6nHue Yn COII?CTaBneHbl 9KcnepHMeHTanbHbie 3Ha'leHHH CitHHa y OCHOBHb!X COCTOg

HHfi Hnep C He'leTHblMH A·, npencKaaaHHH nHarpaMMbl HHnbCOHa H npencKa3aHHH cxeMbl Mal%-

ep. ~ 

n·onqepKHYTbl rtpHMbie 9KCnepHMeHTanbHbie 3Ha'leHHH CitHHa; OCTanbHbl8 nonyqeHbl 

H3 aHanHaa cxeM pacnana. 

MomHO KOHCTaTHpOBaTb OTCyTCTBHe cor-naCHH co cxeMOfi Mafiep H OTCYTCTBHe npOTH

BOpe'IHA co cxeMoA HHnbCOHa. 

4.2. KnaccHcpHKaUHH Boa6ymneHHbIX COCTOHHHA · B Hnpax c He"'l'.eTHbIM A 

B Ta6nHue YW npHBeneHbl Bee HMeromHecH K HaCTOHIUeMy BpeMeHH 9KCnepHMeHTanb-_ 

Hb!8 naHHble O Boa6ymneHHbIX COCTOHHHHX Hnep C He'leTHblM A. 3TH COCTOHHHH H306pameHbl 

TaK:lKe Ha pHc.17. 

KBaHTOBble xapaKTepHCTHKH H paccTOHHHe. Memny ypOBHHMH noaaonHlOT B pHne cny

qaeB C yBepeHHOCTblO BbillenHTb poTaUHOHHble COCTOHHHH, CBH38HHbie C OCHOBHb!M COCToH

HH0M stnpa. Ha_ pHc.17 OHH OTMe'leHbl '10pHblMH Kpy:>KKaMH, a B Ta6nnue YW -nonqepltHyTbl, 

• o·cHoBHoe, 6pocarouieecH B rnaa·a, paanH'IHe B pacnonom0HHH ypOBH0H. B Hllpax C 'leT-

HbIMH fl .H Z . /pnc.4/ H B Hnpax C H0'1eTHbIM A 9TO HanH'IH0 y nocnenHHX 6onbWOJ'O 

'IHcna HH3KO pacnonomeHHblX HepoTaUHOHHbIX ypOBHefi, H8'1HHaH C 25 KaB y D 
161 t · . 

3_TH Boa6ymneHHbl0 COCTOHHHSI o6nanaroT CaMbIMH pa3HO06pa3Hb!MH KBaHTO~bIMH xa

paKT-0pHCTHKaMH H, IIPH nepBOM paccMOTpeHHH, He BHllHO HHKaKott aaKOHOM0pHOCTH B HX 

pacnonom eHHH. 

B HaCTOSIIUee Bp0MSI. IIPHHSITO C'IHTaTb, 'ITO BC0 3TH COCTOSIHHSI. nH6o CBSI38HEI C llBH_me

HHeM H0'10THOJ'O HyKnOHa, nH6o SIBnSilOTCSI poTauHOHHbIMH COCTOstHHSIMH,. conpOBO:lKll8lOIUHMH 

TaKH0 llBH:lK0HHSI. KoHe'IHO, H0T llOKaaaTenbCTB, 'ITO Bee OCTanbHbie HyKnOHbl "cnapeHbI"; HO, 
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[u'sJ ~ ½r; ¾_+ ½f/%_+ ll/'s ¼. ;~¾f % 
Eu'ss ½. ¾f,· ½+ ¾_1-;½1- yg111 _9/z %+ 
G-d'5~ 3/2 . 5j_ +; ½- ¾-/½. Lu'77 1/z ½,,.; ¾r ':z_+ ¾1 % · 
To'!iS 3/2 ½+; 611- ¾r/%. lf/71 ~ ½- ¾-¾-/%: 
Gc/

157 ~ ¾-;¾r 9/i-;·½- l-1/ 179 % ·¾,; %-¾-}{, 
18111 3/4. ½~,· ¾1- 3/2-1-,½,-1- Ta 119 ½ fi+; 5j~ ½_1- /f '%_-

T.i'n 3/2 ¾+,· ¾+ ¾ +/;.{ wn9 ½ ½ ~ ~- %- f, 
Dy'61 _¾ ¾t; 1-f- ¾-,·x- 0 ,a, ½ ¼_+; ¾+. ;_1- %+ f 
T8 16

' 
3/4. ¾_1,- ¾,. ¾1-,·J + vi''' % ¾ +: ¾_- ¾-i 

I)yl6J ¼_ ½-,·¾r %~·¼-. 0 113 ½ ¼i-i¾;,. 1
1+3j1-%

Ho'6J 7/2 '½-; ½_+ j1;·¾+,J wis, ½ ½_-:½- ¾~¾-1;. -
f-/o'6r '½_ ½_~; ,½. + ~~ ½_+,f- e ,,, ¾ ;{-;¾ ~ ½+ %~%+ 
£z'6 ¼ . ·%-; %.r %-,·¼- o''J o/z ½,. ¾-¾-% 
Ec'"1 _:¼. ½-,· ½,,. %,·½-· W''5 ½ 1

'2.- ¾- ½r 1'J.~¾.,. 
Trrf"' ½ ½~,·½- 3j_~,-lj:J .e'85" ~ ½-✓- ¾r ½~¾1-"' 
Tm'_

11 ½ ½. +; ¾.-- 2.';'/4-j{; Re 181 ¾ ¾ ;;· ¾ ~ ~1-¾+'%
Yo111 ½ ½-/¼ f- ~-,·¾'~ s"' ¾&) ¼-¾" J{t- ½- 1¾,,.: 
Yo 113 ~ ½.-; ½ - £,-½-If rs''9 ¾. ½~;;-'%.'" ½- '¾,,. 
LJ7J ½. ¼~,· %_~ Yi¾+%- ~/91 ¾ ¾-.: '½,,. Ii-'%+ 

.J 



- 32 -

Tqcf11tHla· VIII 
80JiJy;;/c.geHHb1e ypo/3Hu · 8 r:,gp_ctx c Hec,emH6rN-II-

g, Oc'iJ= !30.JOY.J/c9eHH611 ·YP081u 
9P0 1coc . I I II I 111 I · Ii:! · J! . · · //I @ 

Eu::3 f-+ 83.J.¼ 98 ¾-I /OJ¾+ I ·112 ¾+ I 193/ %,. I 710 ¼1-
£ u ½+ 105 · . 35/ 
Gel's ¾- 60003/i 865'1¾'" /0532% 
TB '5 3/21- 65.5f 227_. ·. Sl5 

/f/5½- I 2671¾·1 .368¥¾§1 1!21S 1{¾+ 
860 

Gcl'n 3/2.- ..£I_· 2- -. 132 ¼- 200 800 
Tf!J'5 ¾+ b0765;f fl/3.9'½+ 3266% 

. T 6 159 ¾ + . 58 %+ ili ¾+ 3611- ¾.-
:JJtJ'6' ¾+- -25L%: --J::&7/i.~ --l/89--½- _745-½_..,, 83.-9 ½ 1-102 ¾+ I !03.8 ½-
TfJ'6' 3/4~. iM¾.+ !;;51½1 315.51¾) '-1115/J{-) '181.7 sa2.8 
:!Jy'U SJ- . 75 ¾- 166 ¾-
H0/63 ~- 305½..,. ., 
Ho'" ~- 91/. lf %- 210 %- 279¾- .361 %: s2d ¾- 6'3'1 ¾- I .990 ¾-
Ec'"s ¾~ 77.3½- 243.3½- 296.55!-- 297.8¾- JS6.9}f_-
[c'67 ¼ .. . 78. ¾+ 112 '½.,. 201s1i.- 26'-l.2¾: 3501%.j 72q/%) 
Tm'"' ¼.; · 8.Lt-2¾+ l/8206/z.+ 15895½: 3/619½.+ 335 ¾+ J79J!½I '-/72.91¾-
L m 11.~ _ --:i + Ji!¾+ &Q ¼+ lli ¾1- l/25 ½- · 
Yt;m ¼- 66. 7 ¾- 75 ¼,+ • . 75.8 %- -.L---

Y/3 173 ¾."' 78. 7 ½- /79.2 %- 35 I½.+ 
Lu 173 ¼+- /23 _ /35"¾.+_ /40 .I 2.97 I 307 I 'fff 7 I· 849 
Lu 11s- ¼+· /1381 ¾ 2Sl.lffl}i 3113,'IOg,·39631%- lf323I~ fO'f.7%- . 
ygm f+ 1-/55 . . 
_Lll_177 0-t-- __jj_J_ __ ¾... fltl ½-

•' Hf 111 12-· /13 ¾- 250 '¼-
HJ 119 ¾,. 122 '½. f- 217 ¼
To179 ½,.. 30 ¼-

287 '½- l24d½·1 
321 ¾,. Jto·¾-1 14a ¾~ I 850 J.fl 1068 ¾-
263 '¾+ 377 ½-

119 1 I · 'Z w . 12.-· 222 . . . . . . . 
Ta 1111 ½+ /36.25~ 152.5¾-I JOJ'½.+ I 11a20¾1-I 615.0i+I 6189¾+1 958 
W'"' ¾+ 366 ½~ - · 
Tc/" ¼..,. BOO wm ~/4- '-16!18¾ 9907¾ 105 . 207.007A 208.813J, 260 
Re" ¾+ IJ/1/1-'-I-~ 260 ¾to 1/-961¾.~ 59l7rf_-l 

2917/~-

. Os'' ¼+ 17a7 i- - · · . . . 
w1.rs- ¾- m ¾- · 11s 235 · 290 · 
,Qe',, ¾f 125½+- 290 ¾ 64S&lz..,. 7/77¾+ _87!.S%_+,· 8789¾.· 
Rem ¾f J.36 ½~ 206 91,_- JOO ¾f 5"10 621 686 ½- I 759 
Os"' ¾-ft .flJ¾· 1/35 .. . -
Os1

"
9 ¾- JO¼- 135 ·s-;,_. 

Os'9' ¾- 7Lf.2¾-
' 

'•'I 

.,. 

1' 

·".;i.; 
f' 



- 33 

ene.llyeT-nOMHHTb, '!To, ey.llst no st.llpaM e 'leTHbIMH N H Z ~ ·aHeprHst, BbI.llenmomasies:r 

npH NenapHBaHHHH' nopst.llKa 1 Maa, a B H0'10THbIX _st.llpax _Ha~ npHXO.llHTest noKa paeeMaTpH

BaTb TonbKO ypoBHH, ne>Kam11e ropaa.llo HH>Ke: .llO aaan11aa_ aepXHHX ypoBHett aKenepuMeH'I'a-

T Opbl, paewmppOBbIBaIOmHe eXeMbl paena.lla eHH3y BBepx,. eme He _.llOWnH. 

4,3. PoTaUHOHHbie nonoebI. eBSI3aHHbie e oeHOBHblMH eoeTOSIHHSIMH s:rnep, 

HMelOIUHX enHHbl 3/2 1 ·5/211 7 /2 H 9/2 1 

B Taonuue IR. TJPHBe.lleHbl .ll8HHbie O poTaUHOHH'?IX nonoeax, eBst38HHblX e oeHOBHblMH 

eoeTOSJHHSIMH s:r:Oep, IIMelOUlHMH enHH 3/2, 5/2, 7 /2 H 9/2, 

npII BbIHBneHHH pOTaUHOHHblX yp.OBHett Henonb30B8Hbl ene.llylOUlHe KpHTepHH: 

a/ pOT8UHOHHbIA ypoBeHb .llOn>KeH IIMe'I'b Ty :lKe qeTHOeTb, 'ITO ero oeHOBHOA, H enIIH 

oonbwe '10M y OeHOBHOI'O Ha 1, 2, 3 H T,.ll, 

, 6/ OTHOllleHHe 9HeprIItt B030Y>K.lleHHSI BToporo H nepaoro poTaUIIOHHblX ypOBHeM .llOn>KHO 

B npe_~enax .:!: 4% 

BbITeKaromett IIa 

eoeTOSIHHH: 

eOBTJa.llaTb e aenH'IIIHoii:, i 
E;/E~ :::Z + Io..- 1 

npHBe,lleHHOii pa_Hbllle npHonII>KeHHOtt cpopMynbI .llnst 9HeprIIII poTaUIIOHHhlX 

I'.lle 1 - enIIH OeHOBHOI'O 
0 

.ll ns:r I = 5/2; 2 ,22 .llnst 1 
0 . 0 

eoeTOHHHst, B_enII'IHHa E;./ E~ paBHa 2,40 nns:r 1
0 

=3/2; 2;29 

= 7/2 II 2,18 .llnst 1 =9/2. Bee ypoBHII, npIIBe.lleHHbie a Taonuo 
ue lX, Y.llOBneTBOpSllOT 9THM KpIITepIIHM. 

no 9HeprIIII ypOBHefi Bbl'IHenstIOTest K09cpqlIIUH0HTbl A II B B YTO'IHeHHOfi cpopMy~e: 

KoacpcpHuIIeHTbl A II B MOI'YT OblTb HeaaBIIeIIMO onpeneneHbl ,B Tex enyqas:rx, KO-I'.ll8 

H3BeeTHa 9Heprus:r .llBYX nepBbIX poTaUIIOHHblX ypOBHefi; B T_ex eny'laSIX, KOI'.lla II3BeeTeH TOnb

KO 0.llHH ypoBeHb, .llnSI B npHHllManoeb 3Ha'leHHe B eoee.llHHX 'leTHbIX lt,llep /OHO yKaaaHO ' B 

e KOOKax/, II aaTeM no 9HeprIIII ypoBHSI Bbl'IHenSinoeb A. 

Bee 3H8'10HIISI A HaHeeeHbl Ha pIIe.18. PaeeMaTpIIBast 9TOT pIIeyHOK, MO>KHO e.llenaTb 

.ene,llyIOmHe BblBO.llbI: 
I 

l, Oom1di BII.ll 38BIIeHMOeTII K09cpqlIIUH0HTa A OT aTOMHOI'O Beea A y H0'1eTHbIX st,llep 

TaKo:il: >Ke, KaK y 'leTHbIX lt,llep. 
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Ta On H'U a IX 

IlocTomrnhle A H B H 3qxpeKTHBHlie uoMeHTli 1mepUIIlit B R,npax c HeqeTHhlM A. 

·.H,ztpo 3Hepnrn nepBHX ;nByx pu_Ta-
AH B E2; ~HOHHblX ypoBHelit . B K3B . * Er 'E H E ~ B K3B I 2 

· fl.!J,na c ocHoBHLIJ.11,1 cootH~we~~rnMK THna 3 L.2-; 
ueqeTHble H8ATil0Hbl 

Gt(.155 60,00; 145 A=ll,94; B=-0,012 2,41 
Gt(.157 57 ; 132 A=II,69; B=+0,057 2,JI 
wI85 125 ; - A=25,lI; (B=+0,02J) -
Os

187 I'.35 ; - A=27,lI; (B=+0,02J). -
0$189 I'.35 ; - A=27,II; (B=+0,02J) -

., ii,!!;I!a COCHOBHHMK COCTOHHHSIMH THila 3L,2+; 
HeqeTHli8 IlJ20TOHhl 

'1'6155 (65,5) - A= IJ,22; (B=+0,023) -
r6I57 60, ?~.; .-1'!~!~-- _ .. _.A._:::::__12, 27.;_.:_B_=_+O, 023-- --2,J6 

- -- ·-_,;gI6I (56,8); - A= II,48; (B=+0,02J) -
·. 

ful12a c ocHOBHliMH coc.TOSIHHRMH THna 5 /..2 ~; 
HeqeTHli8 IlJ20TOHli 

-
si53 8'.3,J; 194 A= Il,72; B =-0,026 2,'.32 
R.e18'.3 II4,44; 260 A= 16,'.34; B = +0,06 2,27 

R.e185 125. ; 290 A"' 17,55; B = -0, 0'.35 2,'.32 

- fulna C OCHOBHHMH COCTOSIHHSlMH THna 5L_2-i 
Heqeruue HelitTI!OHbl · 

11l6I( 5/2+) 45 ; 102 A= 6;46; B = + 0,006 2,26 
16'.3 

])~ 75 ; 166 A.=·I0,97; B = + O,OJ7 2,21 
. y/7'.3 78,7 ; 179,2 A = II,27; B = + 0,004 2,27 

}!Jrna C OCHOBHhlMH COCTOSlHKSIMH Tl-ma 7 L,2-; 

.- -· HeqeTHl:le IlJ?OTOHU 

165 94,4 ; 216 A = I0,18; B"' - O,OJ4 2,28 Ho 

fl,!!;I!a c OCHOBHbIMH COCTOSIHHSIMH THna 7/..2+; 
HeqeTHble IlJ20TOHhl 

;k,I7J IJ5 ; - A = 15, 00 ; (B -;;;-· 0 ) . -
?:l,u,175 IIJ,81; 251,46_______ --- · -A--=-12,·72 ;--B-=--+O, 007-------2, 2L 

-··· 

1._ 
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;;w,177 118 ; - A = D, II (B ..-- 0 ) -
7'aI8I I'.36,25 e•; JOJ A= IS,IJ ; B = -0,001. 2,22 

. fut:Qa C OCHOBHWIH COCTOHHHHMH THna 9,2 +; 

HeqeTHHe HeijT:QOHH •,, 

-

179 122 ; 26'.3 A = II,22; ·B = + 0,012 2,16 Hf 
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2. 3HatJeHIHI A ,!lJISI HetJeTHhIX SI,!lep B cpenHeM Ha 20% MeHbWe, tJeM y coc_e,!lHHX 

tJ eT H h!X Sl,!l ep. 

3, Y HetJeTHhIX sinep He Ha6monaeTcsi yBenMtJeHHSI · A Ha nepBOM Kpae Q6nacT1i necpop

MMpoBaHHhIX Sl,!lep /64 > Z > 60/. 

· 161 
4. Y HeKOTOpb!X ~nep, HarrpMMep, -'])~ . H 

173 -;;&;, I Ha6n10na10TCSI 3HatJHTenbHhie OT -

CTynneHHSI OT nnaBHOi1 38BHCHMOCTM A OT M8CCOBOI'O 'IHCna. 

YMeHbWeHM!O BenM'IMHhl A y HetJeTHhIX Sl,!lep COOTBeTCTByeT yBenHtJeHHe acpcpeKTHBHOI'O 

M OMeHTa 1rnepuMM (; f}tpq-> B TO )Ke BpeMSI H3 OnhITOB no KynoHOBCKOMY B036y)K,!leHM!O cne-

. nyeT, 'ITO napaMeTp necpopM8UHH y HetJeTHhlX Sl,!lep npH6nM3HTenbHO TaKofi )Ke, KaK y cocen -

HHX tJeTHo-qeTHhIX Sl,!lep. BBM.!lY 9TOI'O MO)KHO .!lYMaTb, 'ITO yBenMtJeHMe MOMeHTa MHepulIH 

o6ycnoBneHO BnMSIHMeM HetJeTHOI"O HyKnOHa. XapaKTep 9TOI'O ·BnMSIHHSI 38BMCHT OT COCTOSIHMSI I 

B KOTOp(?M HaXO,!lMTCSI HetJeTHhlll HyKnOH, 

noaTOMY MOMeHThl lIHepulIH pa3nlI'IHhIX HetJeTHb!X SI,!lep C 6nM3KHMM A H ,!l8)Ke paa-

n H'IHh!X O,!lHO'laCTlI'IHhIX ypoBHei1 B O,!lHOM M TOM )Ke S!.!lpe .!lOn)KHhl 6b!Tb O,!llIHaKOBh!MH, 

B HeKOTOpblX cnyqasix, HatipHMep, B 
161 

]~ oco6eHHOCTH ypoBHSI, Ha KOTOpOM ~aXO,!lHT-

C SI HetJeTHbii1 HyKnOH, npliBO,!lSIT K pe3KOMY yBenlitJeHM!O MOMeHTa MHepuMM IB 2 lI 6onee paa/. 

MoTTenbCOH M HwnbCOH tIOnhITanMCb TeopeTMtJeCKM oueHHTb pa3HlIUY MOMeHTOB 1rnep

UHM uetJeTHh!X M tJeTHhIX Sl,!lep B 3aBlICMMOCTH OT COCTOS!HHSI HetJeTHOI'O HyKnOHa H 'TOnytJHnH 

KatJeCTBeHHOe cornacHe C 9KCrrepMMeHTOM, 

4.4. PoTaUMOHHh!e nonochl B sinpax. MMelOUIHX CTIMH OCHOBHOI'O 

COCTOS!HlIS!.L..lL8BHhlll l /2 

B o6o6ruemtoi1 MonenlI o6onoqeK rroKaaaHo, tJTo B poTauMOHHOi1 rronoce c K -;; l /2 

poTaUlIOHHbte ypOBHM .!lOn)KHhJ OnHCblB8TbCSI cpopMynoi1: 

E = f; { I (I -d )+ a (- i y+¼ (I+ 1/i)dK 'le} 
B aTofi cpopMyne TIOcnenHHfi qneH oTnIItJeH OT Hynst TOnbKO nnsi K = l /2 M oTpa)KaeT 

TOT cpaKT, 'ITO ·TIPM TaKOM 3HatJeHHlI K HapywaeTCSI CBSl3b HetJeTHOi1 'I aCTlIUhl C noBepXHOCTb!O 

st ,!l pa, M 8CU1Ta6h! TaKOI'O HapyW eHlISI Orrpe,!l enstlOTCst _BenM'llIHOi1 K09<p<pMUMeHTa Q , KOTO

past 38BMCJ{T OT ,!leTanei1 ,!lBM)Kemrn HyKnOHOB BHyTplI S!,!lpa lI MO)KeT 6b!Tb Bhl'llICneHa B npH-

6nM)KeHHH HMnbCOHa. 

HanH'IMe nocnenHero qneHa cyruecTBeHHO M3MeHsteT 9HEpreTIItJeCKMe COOTHOLLeHHSJ Me)K

.!l y poTaUHOHHh!MlI ypOBHS!MH no cpaBueHlIIO c poTaUMOHHhIMH CTieKTpaMM c K f 112. 

B HeKOTOpb!X cnyqasix 6naronapSI 9TOMy tJneay MO)KeT tIPOM3Oi1TM nacTOnbKO ClinbHOe 

CMerueaHe ypoBnefi, 'ITO ypoBeHb 
3

12 OKa)KeTcst HM)Ke ypOBHS! 
112, linH ypoBeHb 

5 12 HM)Ke 
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ypoBHSJ 3/2, nocne.amfii: cny<rnii: o6paruemrn nopSI.aKa. ypoaHeii:, TIO-BH,aHMOMy; HMeeT MecTo 

B Ee1 85 , I'.Ue -1 poTaUHOHHhrii: ypoBeHb ~ /2 HMeeT 9Heprmo Bo~oy)K,neHHSJ 298 Kaa, a 

BTopoit poTaUHOHHbiit ypoBeHb 5/2 - MeHbWYIO aHeprHIO 298 Kaa. 

B HaCT0SJIUee BpeMSJ B paCCMaTpHBaeMoit o6nacTH H3B9CTHO HeCKOnbK0 SJ,nep, HMeIOruHX 

cnHH 1 /2 B 0CHOBH0M HmI B 0,UH0M li3 B030Y)K,U8HHbIX C0CT0SJHHit, B pSii:te cnyqaeB li3BeCTHbI 

TaK)Ke 0TH0CSJIUH8CSJ K HHM poTauHOHHbie yp0BHli, 

Oi:tHaKO,. TaK KaK cpopMyna couep)KHT. i:tBa rrapaMeTpa Ci · li Q. 1 COII0CTaBnSJTb 9Kcne-

p HMeHTanbHbre uaHHbre C Teopn:eii: MO:>KHO T0nbKO B Tex SI,Zlpax, r.ae li3BeCTHO He M8Hee LtByx 

1 
poTaUHOHHbIX ypOBHeii c K = /2. npHMeHSJSJ cpopMynbI K 1 H 2 poTaUHOHHbIM ypoBHSJM, rro-

nyqaeM 2 ypaBH8HHSJ C 2 HeH3BeCTHbIMli 'ii li a . 3HaSJ RX, MO:>KHO rrpeucKa3aTb 9H8pI'HIO 

n ro60I'O 6onee BbICOKOI'O poTaUHOHHOI'O ypoBHSJ, 

B Ta6nHne X npn:se.aeHb1 cny11aH poTauHOHHbIX nonoc i:t1ISJ K I /2 · c .a BYMSJ H 6onee 

ypOBHSIMH H BbI'IHcneHHbre no HHM 3H8'18HHSJ Q . B nocne.aHeM cTon6ue .anSJ cpaBH8HHSJ 

npHBei:teHbl 3H8'18HHSJ Cl, , BbI'IHcneHHble B npH6nI:I:>KeHHH HHnbCOHa, 

T a 6 n H u a X 

H i:t po 
3H8pI'HSJ CocTOSIHHe 

ypOBi:ISJ He'leTHOI'O Q 9KCII, a Teop, 

c r=r 12 HyKnOHa 

c-cl85 243 l 521 · 1 /2- I +1,0 +0,9 

' 189 
Tm.. 0 I 411 1 /2+ I -0,77 -0,9 

Tm. 
171 

0 I 411 1/2+ I -0,87 -0,9 

.y6111 0 I 521 l /2- I +0,85 +0,9 

\.1/181 515 I 510 1/2- I +0,22 -0,2 

W'183 0 I 510 1 /2- r +0,17 -0,2 

4.6. K Ba.gpynonhHbie MOMeHTbl OCHOBHOI'O H poTartHOHHblX COCTOSJHI:Iit · 

SJ.gep c He'IeTHhIM A. 

JlnSJ uecpopMI:IpOBaHHbIX SJ,aep C He'leTHbIM A MO:>K8T 0bITb npoaeueHO cpaBHeHI:18 BHyT-_ 

p 8HHHX KBa.apynonbHbIX MOMeHTOB Gl.o I nonyqeHHbIX l:13 Bp8M8H. )Kl:13HH _ /HnH C8'I8HHSJ ;Kyno-

H OBCKOI'O Boa6y:>K.aemrn / HH)KHI:IX poTaUHOHHbIX ypOBHeit H H8TI0CpeucTB8HHO H 3 M8p8HHbIX 

cneKTp0CK0nH'IeCKHMH MeTo.aaMH /no csepXTOHKOii: CTpyKType cneKTpanbHbIX nHHI:Ifi/, T,K. 
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r0 (2Io-1) 
, Q -=-Qo (I

0
+1}(2Io-r3) , r.ae a - li3M9pSieMbl:1i • Ha OTiblTe KBa.apynonbHblH MOMeHT. 

KaK y:>Ke YK83bIBanocb, TaKoe COtlOCTaBneHHe H9B03MO)KHO B '19TH0-'19THblX SI_.apax, 

.anSI KOTOpblX 1 = 0 H, cne.aoBaTenbHO, 
0 

Q =O. 

no aHanorH'IHO:li npH'IHHe COTIOCTaBneHHe HeB03MO:lKHO u .ariSI ·He'leTHblX SI.aep c I =l /2, 

li 60 .anSI HliX G =a. 

.ll £\MH. 

B Ta6nm1e X 1 npHBe.aeHbl Bee HaBecTHhie 3H8'10HHSI Go , nony'leHHbie o6oHMH MeTo-

.H.apo 

6(,(.153 

G/55 

Gvl.157 

Ho
165 

G'l;l67 

LIA..175 

'rd.181 

R.el85 

· 187 
R.e 

T a ..... JLlLH u a X 1 

G/o 
KynoH.B036. 

7,7 

8,0 

7,7 

7,8 

8,2 

6,8 

5,4 

5,0 

'Cfo 
CB0pXTO_HK8Sl 

CTpyKTypa 

7,0 

5,5 

5.0 

4 

2,0 

12 

9,2 

7,8 

7,3 

EcnH Y'l0CTb, 'ITO Bbl'IHcneHHSI Qo H:3 .aaHHhlX O cBepXTOHK0:1i CTPYKType H9H360:lKHO 

cestaaab1 c 6onbWHMH owH6KaMH, To cne.ayeT C'IHTaTb, '!TO aHa'leHHH Go , nony'leHHbie 

o6oHMH MeTo.aaMH, xopowo cornacy10TCSI .apyr c .upyroM. 0Tc10.aa cne.ayeT, 'ITO .aecpop

MBUHSI SI.llep B OCHOBHOM H HH:lKHHX BpawaTenbHhlX COCTOSIHHSIX npaKTH'I9CKH 0.llHH8KOBa. 

4.6. MarHHTHble nHriOnbHbie ( -rrepexon bl Me:>K.gy ypoBHSIMH 

poTaUHOHH0:1i rronoc bl OCHOBHOro COC.TOSIHHSI 

T aK KaK B pOTaUHOHHO:li nonoce cnHHbl COC0.llHHX ypoBHei!: OTnH'l8lOTCSI Ha 1 / a 1 =l I' 

TO r -nepeXO.llbI M0:lK.llY HHMH .llOn:lKHbI 6bITb THna M l+E2. A6conlOTH8Sl BepOSITHOCTb 
~ 

E2 - ixepexo.ci.oB B 8T0:1i. CM0CH M0:lK0T 6bITb Ha:1i.aeHa H:3 .llllHHbIX O C9'10HHSIX KynoHOBCKOro 

I\ 
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B ?36Y:iKileHI:ISI 9TI:IX ypOBHefi. EcnH I:13 KaKHx-nI:160 OythITHhIX naHHhIX /HarrpHMep, I:13 Koacpqm

UI:leHTOB BHyTpeHHefi KOHBepcHI:1 I:I yrnoaofi KOppenSIUI:II:1/ II3BeCTHa. nonff M 1 rrepexonoB, TO 

nerKO MO:lKeT 6bITb HafineHa ero a6conroTHaSI BepOS!TH0CTb. 

BepOS!THOCTb M 1 rrepeXOLlOB B KacKallHOM rrepe;xone M9:lKilY rrepBhIM I:I BTOphIM poTa-

UHOHHhIM __ ypo1rneM 1
0 

+ 2 -+I
O 
+ 

HHTeHCI:IBHOCTb E2-rrepexona I 

l MO:iKeT 6hITb rronyqeHa, ecnH I:13BecTHhI OTHOCI:ITenbHaSI 

0 
+ 2 - I H nonsi MI B rrepexone 1 + 2 -I+ 1. 

0 0 . 0 

npI:IBeLl eHHaSI aepoS!THOCTb M ! nepeXOilOB M9:lKilY poTaUI:IOHHhIMI:I ypoBHSIMI:I _B /MT/ 

M0)K9T 6hITb CBSl3aHa C rHpOMarHI:ITHhIM OTHOWeHIIeM, o6ycnoBneHHhIM BHyTpeHHI:IM IlBI:l)Ke-

HI:leM HyKnOHOB fj- .JJt, :=. g ~ II KOnneKTI:IBHhIM IlBI:I )K9HI:leM Sill pa fjR. • .[lnsi rrepexorioB 

M9:iKilY ypoBHSIMI:I c MOM9HTaMH Ii. I:I If B onHofi poTaUHOHHOfi rronoce h1pI:1 K 'f- 1 /2 /. 

B (Mi)=: .'-I~ ( ~~)
2 ( 9-K - <JR-Y,11. 2< I,; 1 KO/Ii, 1 Jf 1{ > 2. 

rne rrocnenHHfi MH0:lKIITenb ecTb cooTBeTcTBYIOIUHii KoacpcpHUI:leHT Kne6wa->KopnaHa. 

CTaTI:l'l:eCKI:lii MarHI:ITHhrii nnnonbHhrii MOMeHT _,)A., Bcex ypOBHefi naHHOH poTaUI:IOHHOH 

rron0ChI - /K f 1/2/ naeTCSI Bhipa:iKeHI:leM: z 
I{ 

Jll = I+1. 
EcnH I:13 orrhrTa HsaecTHO B IM I/ II _/U, , To MoryT 6hITb 11ony'l:eHhI sHa'l:eHI:lfI 

{jn.. 
3Ha'ieHI:le gl{ non:iKHO 38BI:lceTb OT neTaneii BHyTpeHHefi CTpyKTYPhl S!!lpa I:I MO)KeT 6hITb 

Bhl'il:!CneH0 B npI:16nI:1:lK9HI:II:I HHnbCOHa. 

nnsi {jll lrHpOMBI"'HI:ITHoro 0THOilleHI:ISI KOnneKTI:IBHOI"'O IlBI:l:iKeHI:ISI/ B cnyqae paBHOMepHO 

s apn:iKeHHoro nnpa nerKo rrony'iHTb Bh1pa:iKeHI:1e: 

() --- z dR=R 
r Ile i! - aapnn nnpa, A - . Maccoaoe 'l:Hcno • .[lnn 6onbUJI:IHCTBa .nnep aTa aenH'iHHa 6nHaKa 

K 0,4. 

B Ta6nHue Xn rtpI:1B9LleHhl Il8HHhl9 0 fll(, I:I {JR. ·y SI!lep, LlnSI KOTOphIX H938BI:ICI:IMO I:13-

2 
B ecTH~r B/ M 1 / H fa-- . OTMeTHM, 'l:TO rrocKonbKY Bl M 1 / CO!lep:iKHT Bhipa:iKeHHe / flt<. - fjR I 
11onyqaIOTCSI IlBa B03MO:lKHhlX 3Ha'l:9HI:ISI g/(. I:! g I{ 1 TOnbKO OLlHO I:13. HI:IX COOTB9TCTByeT neii-

CTBI:ITenbHOCTI:I. 

l,13 LlBHHhIX, rrpl:IB9Ll9HHhlX B· Ta6nnue, BI:lllHO, '{TO B 6onbWlfHCTBe cnyqaeB 3H8'i9Hlfe 

9 fl B cTon6ue a/ nyqwe COOTB9TCTByeT TeopeTI:l'ieCKOMY 3Ha'ieHlfIO 0,4 XOTSI I:I H9CKOnbKO 

~0159 179 181 a_ 
M eHbWe /oco6eHHO B 10 , Hf , 'l'a I. TaKHe :iKe Manh1e 3Ha'l:eHHSI ifR. B caMoe 

11ocneLlHee BpeMSI o6Hapy:iKeHhl Henocpe!lCTBeHHO rtpl:I lf3M,epeHI:II:I MBI"'HI:ITHhlX MOMeHTOB poTa-

UI:IOHHhIX ypoBHefi 2+ a qeTHo-qeTHhIX SI!lpax l/J 150
1 

Sml52 1:1 f•(.11. Llp. npl:l'il:!Ha YM9HbWeHI:lfI 

<JR,. B HBCTOSIIUee BpeMSI HeI:13BeCTHa. 
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T a 6 n :0: u a xrr 

.H .D; p 0 I = K I"-' ~ll. ?fK. 
0 . a B a 8 

fu 153 5/2 I,5 0,5 0,7 0,6 0,5 
GdI55 3/2 -0,.30 0,.3 .-0,7 -0,5 D,I 
Gc\157 3/2 -0,.37 o, .3 -0,7 .-0,6 0 I 

. ' 
,gI59 .3/2 I,5 O,I I,9 I,6 0,4 
~0165 7/2 .3, .3 0,.3 I,6 I, I · o,a 
LuI75 7/2 2,6 0,3 I,2 .0,9 0.6 

HfI77 7/2 0,6I 0;.3 O,I O,I 0,2 

H5I79 9/2 -0,47 0,2 -0,4 -0,2 o,o 
,aI8I 7/2 2,I 0,2 0,7 
tel85 5/2 3,14 0,5 2,I I,6 0,9 
Rel87 5/2 3,18 0,5 2,0 I,6. I,O 

4.7 • O,gHO'laCTll'IHbie Boa6y)KpeHHbre COCTOSIHHSI B srnpax C He'leTHbIM A 

0 .llHO'laCTH'IHbie Boa6y)KJ:l eHHbie COCTOSIHHSI 51.llpa M0f'YT 6bITb • .llBYX THTIOB: nocneLtoBa

TellbHbie HlIH .llblpO'IHbre. B nocneLtOBaTellbHbIX ypOBHSIX He'leTHbiti: HYKlIOH HaXO.llHTCSI Ha 0.llHOM 

na CB06o.nHbIX BbIWe ne)KaIUHX yp0BHeti:; npn .llblpO'IHOM BOa6y)KLteHHH Ha 0.llHOM Ha paHee 

aanonHeHHbIX ypoBHeti: IHH)Ke 0CH0BH0f'O COCTOSIHHSI/ OCTaeTcsr 0.llHH HYKlIOH / H ".llblpKa,, /. 

a BT0poti: o6paayeT napy · c BepxHHM He'leTHbIM HYKlIOH0M. EcnH Ha JlHarpaMMe HHllbCOHa 

/cM.15 HlIH 16 / Hati:TH ypoBeHb, Ha K0T0p0M HaXO.llHTCSI He'leTHblti: HyKlI0H B OCHOBHOM co

CT0SIHHH Sl.llpa, TO ypoBHH, ne)Karune .Bblllle, 6Y.llYT aan0lIHSITbCSI HYKlIOH0M npH nocneLtoBa

TellbHOM BOa6y)KLteHHH, a C ne)KalUHX HH)Ke 6yLteT BbipbIBaTbCSI HYKlIOH npH .llblp0'IHOM Boa-

6 Y)K.lleHnH, 

TecHoe nepenneTeHHe ypOBHeti: Ha LtHarpaMMaX HHllbCOHa He noaBonsreT 0.llHOaHa'IHO 

yKaaaTb KBaHTOBbie xapaKTepHCTHKH .lllISI Been JIOClle.llOBaTellbHOCTH BOa6y)K.lleHHbIX COCTOSI-

HHH. 0LtHaKO M0)KH0 ocyruecTBHTb cpaBHeHHe HHa'le: conocTaBHTb Ha6nroLtaBllIHecsr KBaHTOBbie 

xapaKTepHCTHKH, BaSITbie Ha cxeM pacna.lla, H TeopeTH'leCKHe, BaSITbie no .llH8f'p8MM8M HHnb-

I C 

I ll 

I. e 

I ::: 

I I 

I I 
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CO Ha, KBK .um1 nocne.uoBaTellbHbIX, T·aK H . .um1 .[lblpO'IHbIX B035y>K.ue!JHil:. 

B Ta6nm1e XW npHBe.ueHbI .peaynbTBThI TaKoro co~ocTaB11e1rnS1. YKaaaHht aHa'lemrn N 
n~. A !B KBa.upaTHbIX_CK05Kax/, n·. a T8K)Ke;.UhI!)O~Hhifi /U/ HlllI nocne.uoBaTSllh.;;. 

Hbiil: /n / xapaKTep ypoBHSI. 

4~8~ PoTaUHOHHbie TI0110ChI 1 OCHOBBHHbte Ha B035y:m.·,aeHHblX YpOBHSIX 

B . HSCKOllbKHX cny'!aSIX ym: e aaMe'!SHbl pOT8UHOHHbie nonochI, B03HHK8IOUIH!3 Ha., B03-·--

5ym:.ueHHbIX OLlHO'laCTH'IHbIX COCTOSIHHSIX. 

CooTBeTCTBYIOUIHe Ll8HHh!9 npHBe.ueHhI B Ta611Hue X lY. B Ka_>KLlOM H3 CTon5uos yKa

saHa 8HeprHSI ypoBHSI, ero cnHH H '18THOCTb. 

3HaSI 8HeprHH pOT8UHOHHbIX ypoBHeil:, MO>K:HO Bbl'IHCllHTb acpcpeKTHBHbiil: MOMeHT HHep

u1rn G- • KaK _H cne.uosano O>K:Hll8Tb; OH cymecTBeHHO saBHCHT OT CBOil:CTB .Q.[lHO'IOCTU'I-

,. H . .'Dul.61 . HhIX ypOBHen, Ha KOTOpbIX OCHceaHa nonoca. anpHMep, B - ti' 6 nonochI C K = 5/2 -

HMeeT 05bI'IHOe 3Ha'!SHHe, xapaKTepHoe LlllSI 5o_llbWHHCTBa H9'19THblX si.uep, MOMSHTbl HHep-
. + • . . 

UHH nonOCbI c K = 3/2~ H, oco5eHHO, c K = 5/2 /ocHOBHOe COCTOSIHHe/ HOMHOro 5onbwe. 

4.9. 0 HO'laCTH'IHbIMH. OBHSIMH B HS'leTHblX SI ax 

B KpyrnhIX SI.upax BepOSITHOCTb J'.-nepexo.ua onpe.ue11;S1eTcS1 npaBHllSMH oT5opa no 

nonHOMY MOMeHTy SI.upa 1 H '!eTHOCTH. Hapsi.uy c aTHMH TO'IHhIMH KBaHTOBhIMH 'IHCnaMH 

SCTb H HeT~_'IHbie KBaHTOBbie ,mcna, HanpHMep, t- /op5HTallbHbill MOMSHT HYKllOHa/. I_<OTO -

pbie Be.UyT K nOSIBlleHI-IIO .u"o6~BO-.iHblX np.aBHll OT5opa / 1 aanpeT, j - sanpeT/ H,c11e.uona

Te1IbHO, saMe.UllSIIOT COOTBeTCTBYIOUIHe. J' -nepeXOLlhI.· 

B .uecpopMHpOB8HHbIX . He'ISTHblX SI.upax 0.UHO'laCTH'IHhie COCTOSIHHSI xapaKTepHsyIOTCSI 

Ha5opoM KBaHTOBbI,c_ 'IHCen N . nz. A ~ -~ . S"2. 9, . Mci aToro na5opa B pean1,-

HblX SI.Upax, o5mi.uaIOUIHX He. o'!eHb 50llbWHM.lI napaMeTpaMH .uecpopMaUHH, TO'IHblMH KBaHTo

BbIMH 'IHCllaMH 5y .llYT TOllbKO * H ·9T . : 0CT8Jl~Hbte SIBllSIIOTCSI HeTO'IIHblMH KBllHTOBblMH 

'IHcnaMH. hoaToMy, KaK H .. B .KpyrnhIX n.upax, ·BepoSITHOCTb J' - nepexo.ua onpe.uensieTcsi, 

rnaBHbIM o5pasoM, npaBHllaMH oT5opa no cnHHy Sl.llpa I== fl u ~eTHOCTH :1'i . BhmH no -

ny'!eHbI npaBH118 OT5opa H 110 OCTallbHbIM KBaHTOBb_IM. 'IHC118M H3 aToro Ha5opa /Ta5n.X y /; 

o.unaKo, nOCKOllbKY OHH SIBllSIIOTCSI HeTO'IHblMH, aanpeT no HHM He.· SIBllSIIOTCSI a5conIOTHblM, a 

npHB_~LlHT llHlllb K HSKOTOpOMY 3aMe.uneHHIO t -nepe~o.uoB. 



- 42 -

Ta5"nul!a XJl!. 
OrJHo-eacmueHble YpQBHU 8 Rgpcrx. C 

HeeemHblN -fl-
nano! Yfilf(ieJ.l6 I YPotJeHb I ':Ipo5e.J-i6l Ypo[JeH6 
.n':u- 0 ·I .Ir · 1 ,· E . 
Eu'53 o; 5li.r['t1J . 98; ¾.~[532]/) /(1j;jf[l;1!}n l11o;J{,-[411Jn Ga:: 0; ¾ -[5'21} . 81;.Jj,-£65/jJJ 105,-,ff_1-f61./!}J 
T8 O;¾,.l4tl] J2?¾-l5J2]~ · · 
ro'S9 o,·¼ffl/llJ J6'1,·%:fsJ1JJJ 
1Dy'6' O)S/z.t-[6112] ~ 26,•f{-[S2J]JJ 11s.· JJ.-[S2/]1J 

·•Ho 16J O: ½-[S23] J0.5;;{.+f'lllj;/1 · · 
y'6 s- 0; '/4 +[633] /08;½_-[5'2.IJn 

Ee,''' O; ·¾,-l S:23] 21J3ja-[s21J,n 3 67;¼,-[.;2/j,: . ~. 
[ z. ,., O; '/,, r[ 6 53] 208//,-[521}0 5 5"0; ;l_-[51J;J/l 100, ¾-lsz?}.. 
Tf17'6 O;'/4-r[l/ll] j/b; ½,f['I04]/1J79,· ½-[523]~ . 

. 7' m "' Q;}[,-l If!/] 4-2~; 'j_-[5JJ]1J 656:¼,-ll/dl]f'i 6&8; 
3
,,f MIJ1' 

1Vo /1' Q;'/.,_'-[52I] 75; 7/2+[63:3]. 
Lu 111 Q; 7li.1-[l/,O'fl /23:%.-[5//;:/4 

.
1
Y8 11-' Q; 5/4-[s12J 3S/: ½+£63:fPJ 
Lu ,,.,. o:7/4• I4o41 3lf YP-,c1t021n 96&1P14J n 'foSi½ •f If 111/J 
Lu 111 Oi 7/i1-[l/01!] J4J;¾,-[Sllf J,-n 23(}; ½.-[523]D 
Hf 177 0; ¾-[ 514-J 326;3/,. ,[62'f];n 7118;'/,![6~3]D {o70,%..-[50J)D 
H/ 119 Q;¾,t-[621/J 215,·½-[S!'l]:O 75;'/,.-[5/0Jfl . 
'w1119 Q;;&.-[5/1;] 222:'/4{5!0};:/J 
ra ,a, o,-¼~[i/041 15. 2.: ¼-[5)'1];[1 ~8 ... a. ~-¾1-(l/02}])~!2,}',_~fll.. __ 1/i}/)' 
w"' 0,.%,.£62L/J . 3.66//4-/5121,.i, 51s,Y,,t5IOJnj923,-¾-f5121n 
w ,.u 0; t.-£5101 209;¾-f572J,·n '-ls!J;1J-£50J1. · 
Re tllJ Oi ¾1-[402) 1./96;¾_-[5/'f]/J I/Oj;½t-[lf!OD 
Os'83 Q;9/41-lb2'1J ./71; '/4-£5tOJf!J . _ 
/f.e ,as- O; ½_1-[L/02] fi'f 6;¼.,.['t00)0,.872,·'/,,1-['f!l]/J 
Re ,&r Q;f(,._+[L/-02] 206i¾.-l5"/lt]JJ 
0 S Ill l Oi%, -[5/2] I/ 35 j 1,.-[5/0J: 
0S'89 0;3/4-[5!2] .30;¾,-L5D!d 

s 191 0; ¾-[505] 7lf.2.;¾.-[j/2J;/J, 
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T a 6 JI H q a· , XIY 

.fl A p o 0CHOBH08 COCTOSHH8 ·1 II 
po:ra:qHOHHOA llOJIOCH poTa{tHOHHHit poxa~HOHHblil 

ypoBeHI> ypOB8Hl, 

€,(.(,153 103 ; 3/2 + - I72; 5/2+ 
!61 26. • 5/2 - I03; 7/2- 203; 9/2-vi ' 75 • 3/2- 132• 5/2-' -. ' 

E,?65 243 • 1/2- _ -296; 5/2- 298; 3/2-' I67 208 • I/2- - _ 264; 3/2:.. €-i ' TmI69 379 • 7/2- 473· 9/2-
' ,. 

Lj-75 343 • 5/2+ 433; 7/2+ 
' HfI77 748 • 7/2+ 850• .9/2+ 
' . ' 

'l'a I8I 612 • I/2+ 616; ~ 3/2+ 
' WI83 209 • 3/2- 292; 5/2- 4~2; 7/2-' R.eI83 

• 
496 . 9/2- 664; Il/2-

' 
II03 • 1/2+ II09; 3/2+ 

' R.e 185 646 • I/2+ 717; 3/2+ 
' 

872 • I/2+ 879• 3/2+ 
' . ' 

T a 6 JI H Il a XY 
I. IIpaB1rna oxdopa no KBaHTOBLIM qzcJJrua: N , n.z, A , L , 57. 

,ltJUI 48Jl0KTPHll0CKHX nepeXO,ltOB .MYJJI>THUOJI:£,HOCT.H L, •. 

AA A-~ AJ2::AX 
JI.onoJlHH-

A N Anz reJU,Hhle 
• YCJJOBHSI 

L, L-2 ••• - L ! 
0 ! L 0 :!: L 

L, L-2 ••• - L 
.. 1 + (L-1) 0. + (L-1) -

+ 2 .:Z 0 0 0 L = 2 

o, + 2 0 0 0 0 L = 2 

. 
' 
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2. npamrna oT6opa no KBaHTOBhIM •rncnaM N .• 11 :z , .A.. , !: , 5"?. nnH . . 

MarHllTHhIX nepexonoa MYllbTllnonbHOCTll L. 

AN An~ AA A '2:, AJl:LlI . ·.u OnOllHllTenbH hie. 
-. - - --- . "'· --

- -
ycnOBllSl 

--- -
--·-

-

L•1 ; L-1 ; ••• :-1-1 :!: 1 :!: L 0 . :!: L 

L-1 ; L-3 ; ••• -1+1 0 :!: (L:-1_)_ - . :!: 1 :!: L - -

1-1 ; L-3 ; ••• -1+1 0 
·+ . 
-(1-1) 0 :!:(1-1) 

1+1 ; 1-1 ; •.• -L-1 :!: 2 :!(L-1) 0 i(L-1) n-.> 1 

::: 1 
..... 

:: 1 :!: (1-1) 1-1 ; L-3 ; ••• -1-1 .:. (L-2) n 7 1 

.;. 
::!: 1, - 3 . :!: 1 0 0 0 L= 2 

:!: 1 0 
... 
.:. 1 + 1 0 L= 2 

-~ 

nocKOllbKY HaM ll3BeCTHbl KBaHTOBbie xapaKTepllCTllKll HeKOTOpblX O.llHO'lJaCTll'lJHbIX ypo-~Hefi 

Me)K.llY KOTOphlMll npOllCXO.llSlT % -nepeXO.llhI, a T8K:lKe llX BpeMeH·a. )Kll3HU,. TO Mbl MO:lKeM 

conocTaBIITb Ha6monaeMoe Ha onb1Te aaMenneHHe '/ -nepexonoa P /oTH~weH He Ti 
12

-

aKcn. K T 1 /2' Bhl'lJliC119HHOMY no cpopMynaM BaficKoncpa-MowKOBCKoro/ C li3MeHeHHSlMli KBaH

TOBblX 'lJHcen npli nepexone. TeM caMblM MO:lKHO oueHHTb pOllb pa31lli'lJHbIX HeTO'lJHblX KBaHTO-

BhlX 'lJHcen / N , ft,z, .A , z-.· I a aaMenneHHH )(- nepexona. B Ta611Hue XYl npen-

cTaaneHhI 9TH naHHbie. 

Bli.llHO, 'ITO- Korna cymecTByeT aanpeT no 0.llHOMY lillli H9CKO1lbKliM H3 -KB8HTOBhIX 

'IHcen J{ , n z , ..IL , Ha6monaeTcst aHa'lJHTenbHoe aaMenneHue lf -nepexona a sin-

175 · 177- 181 181 ·- . 
pax )Ke '"'' , tu , Ta. , Os , rne ·TaKoro aanpeTa HeT, aaMenneHHe nepexo-

. . 181 
na O'lJeHb M811O /aa HenOHSlTHbIM _ HCK1IIO'lJ9HH8M \N / • 

4.10. OBaHHhIX 

.!!e'lJeTHhlX Slppax 

TaK )Ke, K8K H .llllSl K' -nepexonoa, B .ll ecpopMHpoBaHHblX He'lJ8THblX Hnpax .llOll:lKHhl 

cymecTBOB8Tb npaBHlla OT6opa no BCeMy Ha6opy KBaHTOBbIX 'lJHcen N . ttz I ..A. In ' 91;---

J 

I 

H 

T 

T 

T, 

w 

OE 



i 
I 
I 

SI .zt p c 

Eu153 

Dy161 

Dyl:61 

Dy161 

Ho165 

n;165 

Er167 

Tm169 

Lu175 

Lu177 

Ht'79 

Ta181 . 

Ta181 

Ta181 

W 181 

0s1a3 
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·-
T a 6 n H u a .XJ1 

. 

Tnn nepexo,zta T1/2 

3/2+[ 411J - 5/2+[ 413] 4.1.10:-9 C 

5/2-£5233 - 5/2+I642J 3.10-8 C 

3/2-{521] ~ 5/2-I 52.3] 2.10,-9 C 

' 

3/2-[521] - 5/2+[642J 2.10-9 C 

. 

1/2+[411] - 7/2-[523] a.a C 

1/2-I521J - 7/2+[633J 1,2 M. 

1/2-I521J - 7/2+£633) 2,5 C 

7/2-I 523] - 7/2+[ 404J 4,5•·10-8 C 

9/2..:.r 51_4-J - 112+r 4043 3.10-9 C 

9/2-[514J - 7/2+[ 404] -7 1.2.10 C 

1/2-r510J - 7/2-£514] 19 C 

1/2+[411] - 5/2+I402J l,8.10-S C 

1/2+[411] - 7/2+[404] o-5 1,8.1 C 

) . 
-8 5/2+[ 402] - 7/2+[ 404] 1.1.10 C 

5/2-i512] - 9/2+[624] :t.4.10-5 C 

1/2-[510] - 9/2+I624] ~10 q. 

E 

103 

26 

49 

75 

305 

:Jl.08 

208 

63 

282 

l46 

160· 

132 

612 

480 

366 

171 

. My)II,l'H- I -< 
E-tc::ir< 

non1,- ~ T:mcn 
HOC:t'I, lg T1JOlliE 

Ml • .zta 4.102 

El ,n;a 
. . 4 1.10 

.141 ,n;a 70 

El ,n;a 1.105 

E3 .zta 1.104 

E.3 ,n;a 2.103 

E3 ,zta 5.102 

El ,n;a 1.105 

El 97% ,n;a 1.106 

M2 ·3% Her 3 
~ 

5.106 El 90% .zta 
M2_10% BOT 1· 

M3. ,n;a 103 

. . 
4.102 E2 ,n;a 

JC Hex 7 

E2 97% .zta 30 
Ml 3% .zta 3.106 

M2 Hex 7.102 

M4·· 1Hex 5 
. 
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H a116onee cymecTBeHHbIMH H a.oecb SIBnSIIOTCSI npaBHna OToopa no cnHHY I = ~ H 

11eTHOCTH 9, , onpe.oenst10m11e nopSI.OOK ·aanpemeHHSI fl -nepexo.oa. EcnH orpaHH'IHBaT&cSJ 

paapeweHHbIMH H 0.0HOKpaTHO aanpemeHHbIMH _ft -nepexoaaMH IBKnIO'laSI 11yHHK8nbHbie 11 
/ ;ro 

9TH npaBHna CBO.OSITCH K cne.oyrorueMy: 

1 / PaapetueHHbie .}3- nepexoahr: 

A !=AR = 0 · i · ' ' LlN=o· Lln:r=O· } &. ] nA == o · 
) 

11eTHOCTb He MeHSJeTcSI /Ha aTo, Bnpo11eM, yKa3bIBaeT H ycnoaHe Ll N = 0/. 

2/ O.oHois:paTHO aanperueHHbie fi -nepeXO.ObI /BKnIO'laSI 

· Ll I=13f2::::o· 1.· 2· .1 ;V~ 1. · A nz== 1. 
1 I I I ti../\..= 0 

'leTHOCTb MeHH8TCSI /Ha 9TO yKa3bIB88T ycnoBH8 tl JI = 11. 

YHHKan&Hbie /: 

unu tl nz ==0 
L1..A..=:l) 

B Tafinm1e XYn npHB8ll8HbI ace HMeIOIUHeCH aaHHbI8 0 paapetueHHbIX H OllHOKp8THO 

aanpemeHHb~X .fi -nepexoaax B paccMaTpHBaeMbIX He'leTHhIX Hapax. 

ConocTaBneHHe · t!g -Cf C H3MeHeHH8M' KBaHTOBbIX 'IHcen A fv, Ll n:z, e,.A n0K83bIBaeT, 

11To B cny11ae aanpeTa ~o STHM 'IHcnaM aepoSITHOCTb f · -pacnaaa cyruecTBeHHO yMeH&tuaeT-

c st /a 100 n 6onee paa/. · · 

§ 5. ' fuliLa_c:_11e'18TjIJ,IMH JV H z 

B Hapax 9TO?'O THna HMeeTCH LlB8 He11eTHbIX HyKnoHa. CneayeT O:>KH.Ll8Tb, 'ITO Ka>K.llbiii: 

H3 HHX,. llBHI"aHCb B noT8HI1HanbHOii: HMe annHnCoH.oanbHOii: cpopMbI, aeaeT cefiSI B CO0TBeT

C:TBHli C: .onarpaMMOtt HHnbCOHa. l-1HTerpanaMH llBIDKeHHSI SIBnHIOTC:H Benli'lliHbl 5"2pn 5"2n.
npoeKtillH MOM8HT8 KOnH_'leCTBa LlBH:>KeHHH Ha OCb CHMMeTpHH. 9TH npoeKuHH MOI"YT cxna.obi

BaTbCH HnH BbI'IHT8TbCH, noxa eme H8H3BeCTHbl npaBHna, KOTOpbIMH onpeaenHeTCSI, CK,!a.llbI

B8IOTCSI llnH Bbl'lllT8roTCSI S?.p H .f"'2tt. B OCHOBHOM COCTOSIHHH Siapa, O.LlHaK0 1 paCCM'lTpHBaSI BCIO 

C OBOKYnHOCTb .oaHHbIX, MO:>KHO CKaaaTb, 'ITO B OCHOBHOM COCTOSIHllH OHll 'lame Bcero CKnanhI-

' . 166 R.' 186 . 188 190 · 
aaroTcH, xoTH, .no-an.oHMOMY, ecT& Hapa /Ho • , e ·, R.e , R,e I, r.oe oHH BbI-

tin'ra IOTCSI. 

Kax y:>Ke yKa3hIBanoc& Bhiwe, nonhITKH onpeaeneHHSI Rr HnH 52n. no cooTBeTcTayroruett 

.OllarpaMMe HllnbCOHa O0bI'IHO npllBO.LlHT K HeO.OH03H8'1HbIM BbIB0.LlaM, TaK KaK noaypoBHII 

pacnonaraIOTCH Te0HO H nepeKpeIUHBaIOTCSI 1 a napaM8Tp aecpopM8IlHH ll3BeCTeH HeTO'IHO, CTexep 

npe.ono:>Klln onpe.oenHTb 5'2p ll Q,iHe no .011arpaMMaM H11n&c0Ha, a no axcnepnMeHTan&HhIM 

3Ha'JeHHHM CnllHOB si:.oep C He'l:eTHbIM A, llMeIOIUllM TaKott :>Ke He'leTHbI!\ HyKnOH, AHanH3 8KC'-

11epHMeHTanbHbIX .oaHHbIX nOK83bIB~eT, 'ITO. Ka>K.OOMY HOMepy He'l:eTHOI"O, HyKnOHa / Z llmf 

fl / MO}KHO 0.0H03Ha'IHO conocTaBHTb THn COCTOSIHllSI, / 5"2 p HnH 5°? rt. /, C03ll8BaeMOI"0 9THM 
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T a5nuu,a XH/. 
jj-nepexo9b1 Ha 09HOcQCmue:Hble YP08HU 

.B ,Hec:.emHb/X Rqpa:;r . 
Pa3pew~HH01e J;-nepeiOQbl Ll..!..=4 JJ = 0/i 

G d.5.J- [ u IS., tOJ e, 
£ u,5s __ Gc(1s5 

87 
/>-

£ u'55 
- Gd1

s-s 105 1r 
Go(59

_, Tf/59 364- lfi
Gd'6'- T!J 161 418 p
To'6'- Dy'61 O ./>-
I-lo 

167
- le 161 

700 Jr 
C?,111➔ Tin

111 
425 ft

Y/J"5- L·u175 
J96 JJ-

Yl3"~ Lu 111 
. O Jr 

Lu ,n_ 1-lfn,. .326 1>-
T a.a7- H:t'" 326 e 
T Qll9 _,,. Hf 11!/ 0 . C 
f-lj 11'-Ta 181 958 l,d 

¾.· [65f]- ¾ [ 41i] go.. 7.0 
½. l 1/IJJ-:.,. ¾ [65t] go.. 7. j 
S/2[4tJ)- S/2[642} {JQ. 7 j 
¾£521}- ½[532] ga 66 
s/2[52J]- ½[523] · 1-1em ~4-.8 
3/2[411]_, 3/2[6'12] ga 7 8 
7/z [52J]- JJ,[523]. Hem ':"L/. 8 
%[5121- ¼[523] gcL . 6.3 
'/z.[5/1/-]:._ ¾.[51'1] µe,m 4. 5 
¾l62'll- ¼£40'1} ga 6. 2. 
¼[40'1]-'7 ¾[624] ga. 6. 3 
¼l4D4}- '½.[624] CJO. 8.4 
¼[40/;j-? 9/i[62q) CJO- ~(>.q 

-(L[s10J-½-l54IJ qa ~65' . 

Sm'5~ E(.,l'sJ 0 
5m'.f:t_£ll'53 10.3 
Sm'~!>- fu15J 710 

· &c/'s3-. £ u'53 9l1' 
£ U iss__ Gri'ss 0 
fll 1s-,_ Gd's, 0 · 
C,c{'S-9-. T/3Nf9 0 

J3- 3/z[52l}-i).[ I/IJ] 9a. .~ 7 3 
JJ- 3/4[S2/J-¾l'1IIJ 1-1em f}.8 
fl- · ¼ls_2.1J-_½['illl Hem ...:65 
t., _ ·"/4.lMIJ- ¾£5321 ga ~68 

TB /6I -- J)y/6/ 75" 
IJ}y.16.19 - HO lb.f 0 

p- '1/.z [L/lj]-3/z[S.2/] · ga 7. 7 
;- ¾['t1jJ-.J/2_[s211 9a 8.0 
/J- ¾ l s-211 - ¾£1;;,z'] Hem 6. 7 
1- .-¼£'-1111-- ¾[521; 1-1em 6.8 
13- ½lb.33]- ½lS2J] Hem ):6,2 

... 
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H o'67-E e- /67 0 fi-
·.-

¼[5'2-3] _. ½.[63J}. Hem - 6.0 
£ 169 T 16!} 

Z - m 0 j!J- .½[52./] ._ Yz[l;/1] Hem 6.2 
£' 111 , ,,, 

c:! *- m 688 Jj-. ¾[5/2]-- ¾£1//I] Hem? 8.9 
F ,1, T ,,, _z - m 92{ ;r ¾[512]-- ¾,[1;13] N<?m 6.9 
Tm 11!-Vo 111

· 0 .,, - %[11/j]~ ½[S2ij Hem 6.2 
y/!/1s-~ L u11s 0 J!,- ¼l 514] - ¼l4D'I} Hem 6.11 

vo'11-Lu111 /l/1 j.r '¾[621/]- · ¾.[5/4] 1-1em l.2 

Yo 117- Lu111 /Q30 · p- ¾[62'1]- ½[523] Hern S:.l.-6.2 

Lu 111_ Hr ,n 0 p- ½['-IOI./]- ¼ l 514] Hem b.7 
Tan!._;-;fn, 0 l ¼llfOo/- J.[514] Hern 6.6. 
Ta_,1~Hfn1 1070 t- 7/i.[l/OLJ]- ¼lSOJ] Hern """"6.§ 
f-lf t& ,_Ta ,.s, 612 )3- ¼l510J-/if411J HBtn 7/ 7. I r a ,s:_. W'u l/-5J ~- 7j.['f0'IJ- 7j_[ 50J] Hern 6.9 
w./86 _/(elll5 0 fi· .Jj,[5/2] ._ 5;{!'102] Hem l~ 

J. 09HOKpamHo JonpeU,j~I-/H6te JJ-nepe.xo96t•l-~ll:2 

E /1/ ~ /'Tl l -m 0 p- 3/z[5t2}-'/4[4-!I] Hem ;,,8 6 
To 1a3___,,. w1a-1 2.09 .13- ¼f'-IOl/J--¾ [ 512] 9a ~3-7 
Os 11.r__ Re'ss :0 c 1zl.5/0J-;{[ltO2] 9a. > 9. 3 Ri 181 0 181 0 JJ- l%.lf02}-½[5/0J ga --- // e - s 

* C.IIUWkON OOAbWOe JHQ'r!,eHlle e9 q l'/O.JJCem Yk0j6IDC/m6 HO 
owuooiHocm6 uHmepnpema4,uu ypo8Hfi Tm '11688 xa6 

HyK; 

COC' 

B03( 

M9p 

MO:lf 

TOB 

non 

HOBl 

/Ho 

Tep, 

I"O 1 

JJ,9Hl 

60M 1 

Ta61 

TpOli 

B9HI: 

= 8+1rn 

HH!O, 

HyKn 

ypoE 

Hann 

8THX 

1 O· 

BHYT 

ypoB 

2+/, 

HHX E 
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HyKnOHOM. /E.nIIHCTBe~rnoe IICKnIO'leHIIe II3 8TOt6 rrpaBIIna cocTaBmieT 661):t !15 , OCHOBHOe 

5 2 5 12 '. . 85 u COCTOSIHIIe KOTOpOI'O / +, a He -. KaK O}KII,Zla8TCH .nnH -oro HeIITpoHa. 

L{nH o6nacTII Nol-0 S aTII ,naHHb1e TIPIIBe,neHbI B Ta6nIIue XYW, XIX, 

Boa6y)Kn eHHble COCTOHHIISI HetJeTHo-HetJeTHblX si.gep 

B 5onbllIIIHCTBe HetJeTHO-HetJeTHblX si.nep II3 o6naCTII Nol-Os II3BecTH0 TOnbKO 0.UHO 

Boa6y)K,ll8HHOe COCTOSIHII8, 'lame. Bcero OHO HMeeT 6onhW08 BpeMSI :>KII3HII II SIBnSieTCSI II3o

M8pHblM, 

CaMbie HII:>KHIIe B036y:>K,neHHbie COCTOSIHHSI B paccMaTpIIBaeMblX SI,npax, no-BII.QHMOMY, 

MO>KHO paa6IITb Ha 2 TIIna. Bbllll8 y":>Ke yK83bIBanocb, 'ITO B TBKIIX si.npax npoeKUIIII MOMeH

T0B HelJeTHblX npoTOHB II Heti:TpOHB MOI'YT BbllJIITaTbCSI IInII CKna,nbIBaTbCSI, llPIItJeM B SI.npe 

.non:>KHbl 6b!Tb o5a COCTOSIHIISI, COOTBeTCTBYlOIUH8 cno}KeHIIIO II BbllJIITBHHIO. O.nHO II3 HHX oc-

HOBHOe, a BTopoe Boa6y:>K,neHHoe, vla nocne.nHero cTo6ua Ta6n,XIX BH,nHo; 'ITO B psi.ne 

/H 
164 rr, 166 rrr 180 188/ "· 6 ,. · 

0 1 1m. , Id , R.e , IIO-BH.UHM0My, nepBbln B03 Y:>KJleHHbln ypoBeHb xapaK-

TepnayeTCSI TBKHMH :>Ke 3HatJeHHSIMII .f'r.p H. Q n,, 'ITO H OCHOBHOe COCTOSIHIIe, YpoBHII BTOpo

I'O TIIna MOI'YT o5paaoBaTbCSI, ecnII HetJeTHblti: npOTOH HnH H8HTpOH nepeti,neT. npu noa6y:>K

.neHIIH Ha 5onee BbIC?KHH CB050.UHblH ypoBeHb H II3MeHHTCH Sc_ffHnU 5?. n. /, 'J'aKHM cnoco-

5oM, no-BH.UHMOMy, o5paayIOTcSI nepBbie aoa6y.m.neHHbie ypoBHH so acex ,npyrnx H.npax na 
1+/1 

Ta5nIIUbI XIX /KpoMe yKai3aHHbIX tJeTb1pex/, HanpnMep, a =1.
3
'T'a 105 105 Heti-

TpoH npH Boa5y>K,n~HIIH MO)KeT nepeiiTH c )POBHH c ~rt= '+/2- HB 5nnane:>Kamntt ypo -

BeHb C Qn_ = 9 
/2+. B peaynhTBT8 nonytJHTCSI ypoBeHb C ! = 5"2. p ( '+/,2-t-)± .}l r1. ( 

9/2 +) = 
= 8+nnn 1 .,_ • CnHH I = 1-,.. cooTBeTc'I'ayeT Ha6nro.naromeMycsi Ha onb1Te naoMepHOMY cocToSI-

HIII00 

§ 6, O,gHO'laCTH'lHbie YPOBHII B lJ8THO-tJeTHblX necpopMIIpoBaHHblX si.gpaX 

npn aHeprHHX Boa6y:>K,neHUSI > 1000 KaB MO:>KeT npoH30HTII pa3pb1B rrap1:,1, H 0.UHH II3 

1:!YKnOHa nep.efi,ne.T Ha 6onee Bb!C.OKHH ypoBeHb, npSIMb!M .llOKaaaTenbCTB0M HanH'lHH TaKIIX,. 

u f 178 180 
ypoBHeii siansieTcSI cymecTB0BaHHe II30MepHbIX cocTOSIHHII B H II Hf , a TaK:>Ke Ha-· 

0 180 · . · · · 
Hamr'lH8 B s H30MepHOI'O COCTOSIHHSI C 8Heprnett 1700 KsB, Ha 0.QHO'lBCTIIlJHblfi xapaKTep 

9THX ypoBHeH O.llH03HalJHO yKa3bIBaeT H8lJeTHBSI lJ8THOCTb H 5onbWOe 3Ha'leHH8 CllHHa /8- H 

IO-/ ,u5o llO.IIBneHHe TaKHX ypOBHeA MO>KeT nponaoATH Ton&KO B peay..-nhTaTe H3MeHemrn BH.lla. 

BHyTpeHHe8 KOHqJIII'ypauHH /HaMeHeHHSI COCTOSIHHSI OT.nenhHblX HyKnOHOB/, O.llHO'l8CTH'lHbl8 

YP0BHH, nO-BH.UHMOMy, Ha6nro.naIOTCH u a. pn.ne .UPYI'HX si.nep aTofi o6nacTu: 'J):/60 
/866 KaB . 

2+/, & 166 
/2050 KaB/, sz1 68 

/1080KaB/ H .np. O.UHBKO B03M0:>KHO, 'ITO neKOT0pbl8 H3 

HIIX B .nanbHetiweM y.nacTCSI HHTepnpeTupoBaTb no HH0My, 
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La 6 n u µ a XYW 

3naqemrn Q p u _5,2 n. a .uecpopMuposaHHhrx H.opax Nc1..-0s . 

J2p JfCTOtzHl1K XX) J2n HcTOtzHJIK xx) z 
l1H<pOpMa1.t1rn: 

N 
HHcpOpMan1111 

63 5/2+ 
x) 

Eu153-155 89 3/2:!: Gd153 

65 .3/2+ Tb155-161 91 3/2- Sm153, Gd155 

67 7/2- Ho163-167 
93 3/2- sm155, Gd157 

69 1/2+ _ Tm165-171 
Gd159 95 5/2-

71 7/2+ Lu171-177 

97 5/2- Gd161, ny163, Er165 

73 7/2+ Ta177-185 
Dy165, Er167, Yb169 99 7/2+ 

75 5/2+ Re183-187 
Er169, Yb171 101 1'/2-

77 3/2+ Ir187-189 
Er171, Yb173, Hf175 · 103 5/2-

105 7/2- Yb175, Hf177, w179 

107 9/2+ Yb177,Hr179,w181, 081a3 

109 1/2- Hf1a1 w183 081a5 
' . ' 

111 3/2- w185, 08187? 

113 3/2- w187, 0s189 

\ 
115 9/2- 08191 

x) YKa3a.HHOe 3HatzeHHe OTHOCMTCH TOn1Ki K Eu153. 
xx) IlpMBO~HTCH cxad11n1Hhle 11 p~llOaKTI1BHhle H'Apa. 

..ff) 

El 

El 

Tl 

T' 

,· 

T. 

T 

H 

·H 

H 

E 

E 

'I 

'l 

'l 
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Ta 6 n tr u a N2 XlX 

R.npa c He'leTHbIM N H 4 

OcH0BH0e C0CT0JiHHe: Bosdyx,IteHH0e C0CT0RHHe: 
,.ff .It p 0 IIepH0,It IIpe,n;noJiar~ HadJIJO- IIepH0,It 3Heprm:r Hadmo-

IlOJIY:,- CllHH H ;i;aew!i ll0JIY-
B K3B 

;i;aewit 
•: 

pacna;i;a l!8THOCTI> cmm pacna;i;a cmm.-

Eu154 16 ne:r 4- . 1- ·3 ; 

Eu156 14 ,ItH. 4~ ; 1- )1 

Tb154 
C ·. 

17, 2 tzac.~ 3- ; 0- >0 7, 5 tac 
-· 

Tb156 5,2 ,ItHJi 3- . 0- (3-) 5 tzac • 89R3B (6+) , 
,. 

Tb158 · >5 1I. 4- ; 1- (4-i-; 1-) 
. 

11 cex. 111 K3B 
-- (l..;.;4;.. -

< 10 M. 

Tb160 72~11. 4- . 1- 4-' 
-160 5+ 2+ 5+ 601th~ I 

· . .:'. 
Ho 22 MHH . 5 qac 2-' 

" 

Ho 16_2 65 ,ItH. 6+ ; 1+ > 1 (6) 
.. 

Ho164 T d0JII>m 6+ . 1+ >5 (6) 36,7 46 ?K3B·· 1+ ·-, 
MHH. 

' 

Ho_166 27 ,3 tj. 7- . 0- 0-, 
r 

Ho168? >30 JI. 4+ • 3+. (4) , 

Tm166 7, 7 qac 3- ; 2- (3-) 80K3B (2-) 

Tm168 85 Al{. 4+ . .3+ (4) 
' 

Tm170 129 Al{. 1- . 0- 1-, 



Lu176 2.1010 JieT· 7-; 0-

Lu178 18, 7 Mmt_. 8+ ; 1+ 

Ta178 150 MliH. 7-; 0-

Ta180 > 10 12 
JI0T 8+ ; 1+ 

Ta182 111 ,Il;H. 4-; 3-

Ta184 a, 7 tzac. 5-; 2-

Ta186 10,5 wm. 5-; 2-

Re180 145 Celt. 6- ; 1-

Re1a2· 12, 7 ~ac • 7+ ; 2+ . 
Re'84 50 .ItH. 3- ; 2-

Re186 88, 9 tzac. 4- ; 1-

Re188 1 b, 7 qac. 4- ; 1-

Re190 2,8 M.HH. 7- ; 2-

Ir188 41 t1ac ~ 3-; o-
-~ "-

Ir190 11 ,Il;H. 3-; 0-

-- --

j 
! 

j 

! 

l 
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;) 7 3, 7 tzaca 180 It3B 

)' 1 . 

~7- 9,5M.HH. 

~8 8, 1 tzac. 

4- ;3- 16,5 M. 180 It3B 

260 It:3B 

(5) 

(5) 

>1 ? 20 q. 

64,0q. 

2, 2 ,It. 

1- -1 q. 

1- 22 M. 105 K3B 

(2) 

3-

3- 3 y. 

1-

1+ 

1+ 

6+. 
(J,4) 

' 

4-

10+ 

I 
I 

Reno 

MO:>K 

ayeT 

HO9 

SIB/UI 

H 
"laeT 

npei: 

nerK 
1· 

Ta1~ 

.UB) 

c 
CneJ 

3 Ha 1 

6+. 

nae) 

Bblp, 

HR9 

:>K 9H 

Hett, 

)K eT 

rne 

Bbl~ 

Bon 

"19TJ 
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. . . . . . . - . 
npn: aHann:ae 0.llHO'iaCTll:'iHbIX ypOBHeH B qeTHo-qeTHbIX sr.apax, no-Bll:.llllMOMY, MO:>KHO 

n:cnonb30B8Tb cxeMy Hn:nbCOHa. Hy:m:HO TOnbKO OT.llaBaT:6 ce5e OT'ieT O TOM, t{TO -Mb! He 

Mo>KeM aapaHee cKaaaTb, B peaynbTaTe paapbIBa KaKoi!: napbl n:a aanonHeHHoi!:, o5onoqKn: o5pa

ayeTcSI .aaHHblii ypoBeHb. noaTOMY npaKTll:'ieCKll: MO'.lKHO TO'iHO yKaaaTb TOnbKO MaKCll:Manb

HOe B03Mo:m:Hoe aHa'ieHn:e cmrna nepBoro O.llHO'iaCTll:'iHoro ypoBHSI, I -S2.P,..-u:v,c + 51. n,na,)(. 

0.aHaKo, OKa3bIBaeTCSI, t{TO .aa:m:e TaKaSI orpaHn:'ieHHaSI B03MO'.lKHOCTb oueHKll: cnn:Ha 

SIBnSieTCSI oqeHb noneaHoii, T aK B nn:TepaType npn:HSITO, '1'.TO CIIll:Hbl ll:30M epHbIX COCTOS!Hll:fi 

Hj178 n: 
180 · , Hf paBHbI 9-. vfcnonbaysr :m:e cxeMY Hn:nbCOHa nerKo Bn:.aeT1::t qTo .ansr O.llHO-

, 1801'71. 
'l'.aCTll:'iHoro ypoBHSI B npe.aenax aanonHsreMofi o5ono'l'.Kn: I,no...r paBHO 8-• .[lnsr Hf TaKoe 

, ,,1.178m. npe.acKa3aHn:e B HaCTOSIUiee BpeMSI npoBepn:Tb He y .aaeTcsr, , 0.llH8KO .ansr n:r 8TO MO'.lKHO 

n erKo en enaTb, E . ·T 178 O . -pacna.ae a • CHOBHoe COCTOS!Hll:0 
178 . 

Ta
105 

7-, Ecnn: 5br n:aoMepHoe cocTosrHn:e HJ178rtt5bmo 9-, To t . -nepeXO.ll 5bm 5b! 

· , . 178 
.llBYKpaTHO aanpemeH ll He MOr' 5br Ha5nro.aaTbCSI. TaK KaK Bpe,MSI )Kll:3Hll Ta 2,1 'I'.,, 

E -nepexo.a .aon:m:eH ll:MeTb nopsr.aoK- aanpemeHn:sr He Bbrwe nepBoro, T,e, • .a I=O n:nn: r. 
Cne.aoBaTenbHO, cnn:H Hf 178

, c TO'l'.Kll: apeHn:sr E -pacna.aa, .aon:m:eH ·5bITb 7- n:nn: 8 -

3 Ha'l'.eHn:e 7- llCKnIO'l'.aeTCSI, TaK KaK OTCyTCTByeT nepexo.a -C ll30MepHOI'O y'pOBHSI Ha. ypoBeHb 

6+. TaKn:M· o5paaoM .ansr n:aoMepHoro cocTOSIHHSI ocTaeTcsr TonbKO aHa11eime I·= 8-,- cor

nacyromn:eecsr c BbIBO.llOM, cne.ayroUIHM n:a cxeMbI Hn:nbcOHa. 

§ 7. QpaBHna llHTeHCHBHOCTeil: nnsr g, , ll r -nepexo.goB Ha poTaUll:OHHbie 

ypoBHn: necpopMn:poBaHHbIX sr.gep. K-aanoeT, 

OcHOBHOi!: oco5eHHOCTbIO Cll:nbHO .aecpopMHpoBaHHbIX sr.aep SIBnsreTCSI TO, 'iTO B Hll:X 'l'.eTKO 

B bipa>KeHbl .llBa cymecTBeHHO paanll:'1'.HbIX THna sr.aepaoro .llBH:>KeHHSI - BpamaTenbHOe .llBll)Ke

HHe sr.apa KaK uenoro, nposrBnsrromeecsr B nommean:n: poTaun:oHHbIX nonoc, n: 
0

BHyTpeaHee .llBH

:m: eHHe HYKllOHOB B sr.ape, IIPIIBO.llSIUiee K nOSIBneHJIIO paanH11HOI'O Tarra HepoTaUIIOHHbIX ypoB

H ett, 

TaKoe paa.aeneHJie .llBH:lKeHHii yKa3bIBaeT Ha To, '1'.TO BOnHOBaSI cpyHKUIISil CIICTeMbl Mo

)K eT 5bITb rrpe.acTaBneHa B Bn:.ae npon:aBe.aean:sr 

r.ae cpyHKUllSI OIIllCbIBaeT BHyTpeHHIOIO CTpyKTypy st.apa, xapaKTepn:ayeMyIO KBaHTO-

BbIM 'l'.IICnOM K ll llPYI'IIMll KBaHTOBbIMH 'l'.HcnaMH r: ' a 

BOnHOBaSI cpyHKUll SI I aaBHCSIUI asr OT ann epoBbIX yrnoB SI.ll epHOfi KOOP.ll ll HBT HOi!: CIICTeMbl, 

By.aeM Terrepb xapaKTepuaoBaTb ,,/.3 u. ~ -nepexo.abl ux MynbTHrronbHOCTbIO l u 

qeTHOCTbIO 3, I npe.acTaBnSIIOUIHMH yrnoBott. MOMeHT ll qeTHOCTb, YHOCHMbie npH rrepexo.aax. 

.[lnsr paapeweHHbIX _;6 -nepexo.aoB l = O; 1; qeTHOCTb ae MeHSI~Tcsr, .ana o.aao-
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K paTHO aanpeweHHbIX fi :-:-nepeXO,llOB -'-' '=-0; 1; 2; '!8THOCTb MeHSleTcst. np-H .llDY1Kpa::rno 

aanpeweHHbIX nepexo,nax L., =2; 3; 'leTHOCTb ,He MeHSl8TCst, H T • .ll. 

npaa1ma oT6opa no L, H ~- ,nnsr nepexo,na na cocTostHHst c KBaHTOBbIMH ttiicnaMH 

I Kt- , Ii , Jrt / B COCTOSIHHe I J<.f 1 If) ':J(f /cne,nyrowne 

/Ii--If/= t1I~_J-,,+IJ 

!IT= 1Ti 'lf;f 

t t{;,- Jl.t-J s: n J<~ L 
npaaii:n_a_ OT6opa no I H 1, stBnstIOTCst CTporHMH, Bbinonaemre >Ke npaBHn OT6opa rro K 

· 38BHCHT OT Toro, H·aCKOnhKO npHrO.llHa BOnHOB8Sl cpyHKUHSl @ • He6onbWH8 OTKnOHeHHst OT 

Hee .npHBe,nyT K TOMy, 'ITO npaBHna OT6opa no K CTaHyT MeHee CTporHMH H 6y,nyT BbI3bI

B8Tb_He.nonHOe, a~npeweHHe, a TOnhKO aaMe,nneHHe paCCM8TpHDaeMbIX nepeXO,llOB. TaKHe.' 

nepeXO,llbI HaGbIB_aIOTCSl K-aanpeweHHbIMH, npH'!eM CTeneHb 9Toro aanpeweHHSl MO:>KHO xapaK-

T epH30B8Tb 'iHCnoM. 

))==~K-L_ 

B 'HeKOTOpbIX SI,npax, OTHOCSIWHXCSI K paccMaTpHBaeMofi HaMH o6nacTH, K-aarrpeT 

MomeT cny>KHTb npH'IHHOA orpo&rnoro aaMe,nneHHSI ~ n d -rrepexo,noa.- TaK a Hf 180 

Ce 15 ,1178 14 
c, nepexo.n c saeprnea 57 Ksa aaMe,nneH D ,,,..., - 10 - paa, :e HT a "'" IO paa, 

180 9 , 176 12 
E 3-nepexo,n a HJ a 10 paa, .J3 -pacna.n uu a ......, 10 paa H T.,n. B Ta6nHue 

XX npe,ncTa·anem,1 naaecTHbI0 a HacToHwee apeMSI ,naHHhie o · ~llHHHHH · K-aarrpeTa Ha ae

poSITHOCTh ./3 H r .-nepeXO,llOB B paCCM8TpHBa8MOft o6nacTH .Sl,llep, I1a rrocne,nHero CTOnfi-
190 ,I 

ua Ta6nHubI BH.llHO, '!To, aa HCKnIO'!eHHeM rpaHH'IHoro smpa Os , naMeHeane v Ha I 

rrpHBO.llHT K H3M8H8HHIO BepoHTHOCTH nepexo,na, B cpe.nHeM, B 100 pas. TonbKO Ha· CaMbIX 

Kpa.HX o6naCTH, r.ne MO)KHO aapaHee npe.nnonaraTb, 'ITO npe.ncTaBneHHe BOnHOBOA cpyHKUMH 

@ ' . . ' . 0 190 
CHCTeMbl B BH,ll~ H~3aKOHHO, ponb K-aanpeTa nocTeneHHO y M ea1,waeTcS1, H y $ 

npaKTHlJ:8CKH CBOLlH TC.H K Hynro. 

noMHMO .naHHbIX, rrpe.ncTaaneHHblX B Ta6nnue xx, :eonb K-aanpeTa cKa3bIBaeTCSI H 

Ha ·aHa'IHTenbHOM o6oraweHHH .nonn E2 a cMewaHHbIX E2 + Mr nepexoAax Me:m.ny BbrcoKHMH 

ypoBHHMH c K = 2+ H ypoBHHMH HH:>KHeA poTaUHOHHoA nonochr c K =O+. HanpHMep, Me>K.llY 

ypOBHSIMH f = 2; 3 /K =2+/ H f =2 /K =0+/ ,llOn>KHbl HM_eTb MeCTO CMeW8HHbl8 nepeXO,llbL 

THna M r+E2, npli'IeM, cornacHo o.nHO'IacTHttHoA oue1iKe, .nomr 
152 160 182 

0,nHaKo 0Kaaanoc1, 1 'ITO a H.npax Sm. , D:J , W 
M 1 .nonmHa .6bITh 6on1,weit. 

9Tlf r-- -nepeXO,llbI ,nO'ITH 

uenHKOM OTHOCSITCSI, K THny E2. 8To nerKO IIOHSITb, H6o Ha M 1 nepeXO.llbI B 9TOM cny,rne 

HanomeH K-aanpeT J_')):::11 K-;-L=2-1. =:J. I, a To apeMSI, KaK Ha E2 nepexo.nbI Ta

K oro . aanpeTa HeT / )) =0 I • .[l O CHX rrop nplf P~CCMaTpHB8Hlflf aepOSITHOCTett nepeXO,llOB 

B .necpopMHpOBaHHbIX Sl,llpax MbI MOI'lIH c.nenaTb pH'.n O'!eHb B8>KHbIX, HO uenHKOM Ka'!ecT

·•eHHbIX BbIBO.llOB~ 0Ka3bIB88TCH B03MO:>KHbIM c.nenaTb H pSl,ll KOnH'!eCTBeHHbIX BbIBO,llOB. 
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) :r a 5 n u u a XX 

POJIL K 3anPeTa B ft H o -nepexo.n;ax • 

fl 
... 

- n e p e x o .n; H . . 

.H.n;po Ii_.. If AK ~=AK-l lgTf 61g'tf 
.A'3lJ' 
~ .. 

Eu154 3- ~ 2-t 3 2 12,4 4-5 2-2,5 

3- ~ 4-t 3 2 12, 1 4-5 2-2,5 

3--+ 3- ? 3 ? (3) 11 5-6 2 

Tb160 4- ➔ 2-t . 4 .• 2 -12 -4 4 
.,,,,. 

4- ➔ 3-t 2 1 -9 .... 2 2 

Ho160 2- ➔ 2+ 2 1 -9,5 -2-::-J 2-3 
, 

Lu176 
.• 

7- ~ 6+ 7 6 18,7 -12 2 

~----------------------------------~--------------------------~--~ 
0 - n e p e x o .n; u . • te 

-
.{iF 

.ff .n; p 0 Ii -,. Ir ~K ~=AK-l T¼, lg F y 
..._, 

Hf178 0- --,. a~ 8, .7 3 c. 14 -2 

Hf180 8- ➔ 8+ 8 7 5,5 tz. 15· ~2.2 

Hf180 8- ~6+ 8 5 5,5 tI.· 9 -1,8(2 

08190 10- ➔ 8+ 10, 8 10 M. 6 ·-o,6 

-
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K aK l!3BeCTHO, BepOSlTHOCTh O -rrepexonoB -orrp€l.n ensieTCSl Bblpa)K eHlteM: 

S11{L +1 _ 1 ·Ll E ) 

)

2l,-4-f_ 

J\(l )=1., [(2L,-r i).'_1]2 'T ( tic - 8 (l) 
rne B/ L / == ;M 1

2
, KBa.npaT MaTpH'IHoro ::ineMeHTa rrepexona, 38BHCHT TonhKO OT cTpyK

TypbI st.np_a H B nanbHeiiweM 6y.neT H83blB8ThCSI. rrpHBene1rnoii BepoHTHOCTb!O uepexona. 

Ce'IeHHe 

pacrra.aa B / 

KynoHOBCKOJ"'O 

tj I,--_ _j_ 
if 

B036y)K.aeH1rn nponopuHoHanhHO B / 1., f. B cnyqae .J 

n pH Be.a eHHaSJ. BepOSlTHOCTh rrep exo.aa: 

B(l)=(M)2,=ljtf;*M(l)V1 cl.t/2 

B cnyqae .aonyCTHMOCTH Bblp8)K9HHSl @ MO)K9T 6b!Th npe.acTaBneHa B BHne IIPOH3BeneHHSl 

nByX COMHO)KHTenefi. OnHH H3 HHX, conep)K81UHfi HHTerpanbI OT BpamaTenhHbIX BOnHOBblX ~. . 

cpyHKUHfi stnpa, MO:>KeT 6b!Th nerKO Bbl'IHcneH, OH Bblp8)K89TCSI. qepe3 K0:3cpcpHUH9HTbl B9KTop-

HOfi ·MonenH ·/Ko::icpcpHuHeHTbI Kne6wa-)KopnaHa/ nnst cno)KeHHst yr:10BbIX MoMeHTOB Ii. H 

L c o6pa3oBanHeM pe3ynhTHpy10mero MOM9HTa If H stBnsteTCSl cpyHKUHeii TOnbKO OT 

yrnoBbIX MOMeHTOB I K H L. 

BTopoii MHO)KHTenh conep)KHT HHTerpanbI OT BHyTpeHHHX BOJlHOBbIX cpyHKUUfi Ha'IaJlbHOJ"'O 

H KoHe'IHOro cocTostHUst H 3aBHCUT no::iToMy TonhKO OT 1: , K H & /ue 38BHCUT oT It • . 

L[nst nepexo.aoB Me)Kny nBYMSl CO~TOSlHHSlMH 0.QHOi!: poTaUHOHHOfi nonOCbI BHyTpeuune 

BOJlHOBb!e cpyHKUUH H8'18JlhHb!X H K0H9'IHblX COCTOSlHHll COBrranaJOT, H BHYTP9HHSlll 'IaCTb MaTpuq

H 01"0 :3J19M9HTa CBO.QHTCSl K cpenueMy 3H8'19HH!O(/'tt).B :3TOM cnyqae a6COJl!OTHb!e BepOHT -

HOCTU nepexonoB MOI"YT 6bITh uenocpencTB9HHO Bb!pa)KeHbI 'Iepe3 BHyTpeHHHe yrnoBb!e MO -

M 9HTbI, 

'HanpuMep, nnst nepexonoB r + 2 -- T 

B ( f 2)-= -1 s e2 Q 2. (r+· i-K)(I + J+K}(I-r2-K)(I-t-2+J-0 
32:J, 0 (r+1}(2I+3}(I-t-2}(2I.,,5) 

L[nsi nepexonoB I + r ~T 

3 /eti )2
( _ ) 2 Sl2.<I+1-fl)(I+1+f2) 

8 (Mi)== 7jJf l'2 me 9st gll ( Ji-1)(2I+3)(I +2)(2I +.3) 
15' 2.Q2. S2.(I+1-Jl)(I+1+Sl) 

B(E2)==- '"ri e O r(I+1)(21+3J(r+2) -ige §2 :::. tt. 

Llnst nepexonoB, CBSl38HHblX C H3MeHeHU9M BHyTpeHHero CvC rostHUSl stnpa, a6conIOTHbie 

3 Ha'IeHHSl "MaTpU'IHb!X ::ineMeHTOB 38BHCSlT OT neTanefi BHyTpeHuef ::TpyKTypbl sinpa. OnHaKo, 

ecnH cpaBHUBBTh rrpHBeneHHhl9 BepostTHOCTH .QJlSl H3y'IeHHSl naHHOfi MYJlhTHTI0JlhHOCTU npH 

nepexo.aax H3 H9K0TOporo COCTOSlHHSl l, Ha pa3JlH'IHbl9 C0CTOSlHUSl j , f I H T,n. po-

Tauuo1iHofi n0JlOCbl, TO MHO)KUTenh, conep)K8lUHfi BHyTpeHHHe B0J1HOl3bJe cpyHKUHH, OK8)K9TCSl 

0 

n 

T 

I", 

n 

rl C 

M 

q C 

OJ 

I: 

Lln 

ye 

pi; 

oe 

CT 

6c 

Ta 

rrp 

Te 
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0J:lHHM H TeM :>Ke H B OTHOWeHHe BepOHTHOCTefi He BoiineT Joa COKpaTHTCst/. 

T 8KHM o6pa30M, OTHOlL eaHe .upHBeneHHhlX BepOHTHOCTefi rrepexonoB OJ:1HH8K0B0ll MYllbTH

IIOllbHOCTH C mo6oro ypoBHH Ha pa3llH'IHhie ypOBHH OllHOfi poT·auHOHl!Ofi rronochI 6yneT 38BHCeTb 

TOllbKO oT yrnoBhIX MOMeHTOB I , K. , l u MO:>KeT 6hITb aanHcaHoa BHJ:le: 

B<Lzii -It) 
B(l, Ii-If,) 

_ <ItlKi/{1-J{i.[lilltfU.>2 

<..Ii-l hi l{f, -Kdli l,If,Kf,>2. 

· xi 
)- KoacpcpnuHeHT Kne6wa-:>KopnaHa • 

n onytieHHh1e BhIBOllhI y no6aee acero npoaepHTb nnsi Tex nepexonoa, ans KoTopbrx 

llOCTOBepHO H3BeCTHhl Yl"'llOBhie MOMeHTbl H8'18llbHOJ"'O H KOHetIHOJ"'O COCTOHHHH H MyllbTHnonb

dOCTH .fi - HnH J - H3lly'leHHH. B snpax C 'HetieTHhIM A STO liMeeT MeCTO J:lllH rrepeXOJ:10B 

M e:>Kny ypoBHHMH OJ:lHOll poTaUHOHHOii. IIOllOChI. 

B Ta6n.XX1 npHBeneHhl peaynbT8Thl conocTaBneHHH 9KCuepHMeHT8llbHhlX H TeopeTH

qecKHX J:18HHhIX. KaK BHJ:lHO H3 STHX J:18HHhIX, Ha6n10naeTCH xopowee C00TneTCTBHe M9:>KJ:1Y 

0IIhlT0M H TeOpHeii. 

PaccMOTpHM nepexonhI B sinpax c tieTHhIM A, EcnH HatianbHoe cocT0HHHe HMeeT I== 

1 !,; K = 1 !., K0He'IHhie cocT0HHHH K = 0+-; I =O+ u 2+, a 

B(l-±--__.,.0+) 
B(/± --,.2+) 

.ans fl -nepexonoB ST0 npHB0J:lHT K TOMY, 'ITO 

2 

l =1 TO 
t • C0J"'ll8CH0 Te_opHH, 

B Ta6nuue XXn TipHBeneHhl J:18HHhie 0 _/?> -nepexonax, Yll0BlleTB0pHIOIUHX 9TIIM 

YCll0BHHM, BHJ:lHO, 'ITO Ll ff} 1: f , neiiCTBHTellbHO, KOne6neTCH 0K0ll0 Tpe6yeMofi Teo-

p uefi BellH'IHHhl 0,3, Ha6n10naeMhl8 0TKll0HeHHSl OT 9TOfi B8llH'IHII!,I B 3H8'1HTenb-J-IOfi CTerreHH 

0 6ycnoaneHbl 9KCnepHM8HT8llbHhlMH OWH6KaMH B orrpeneneHHH 0TH0CHT8llbHhlX HHT8HCHBH0-

cTefi fa -nepexonoa, 

TonbKO B cnyqae Ta
180 

aa6n10naeTcH peaKoe pacxo:>KneHHe c TeopHefi, npencTaBnsteT 

6 OllbillOH H.!iTepec npoaepHTb, He Bhl3B8HO llH TaKoe 6oribuioe 0TKllOIIeHHe rpy6oii SKCrrepH:MeH

. 180 
T 8llbHOfi ourn6Kofi npH H3MepeHHHX ..fi -cneKTpa Ta • 

npu o6cy>KJ:18HHH 0KTYII0llbHhlX BH6pauHOHHhlX ypoaaeii THrra 1-, 11pHB8J:18HH0e BhIWe 

IIPctBHll0 HHTetlCUBH0CT'I y>Ke HCTI0Jlb30B8ll0Cb J:lllSl oupeneneHHSl 3H8'18HHS1 K u, cnenoaa

TenbH0, nnsi ycTaH0BneHHH rrpHp0J:lhI ypoBHSl, 

xi 
CM,KOHJ:lOH H Wop-rnu "TeopHH aToMHhIX, cneKTpoa", EnaTT H BaficKoncp "TeopeTH-

tiecKaH HJ:lepHast qJH3HKa". 



- 58 -

T a (5 JI M u a ·Xx I 
OTHOCMT0Jl.bHUe MHTeHCMBH0CTH nepexoioB THna E2 c 0CH0BH0ro 

C0CT0HHMH poTaUH0HHon Il0JI0C~ Ha 1 H 2-4 poTaUM0HHUe 

yp0BHH (rrpM KYJI0H0BCK0M B03dn.n;eHMM) 
fJ CK05Kd.X npu6e.4f!Iibl T'(}O['eTul/eC1rH.e .3Ha.t:{eRJ:m 

ff .n; p 0 Io 
B ( E2 : 1

0 
__.. I

0 
+ 2 ) 

B ( E2 : I
0 

--;. I
0 

+ 1 ) 

E',_i153 5/2 0,28 ( 0,35) 
Gd157 3/2 0,38 ( 0,56) 
Tb159 3/2 0,56 ( 0,56.) 
Ho165 7/2 b,24 ( 0,26) 
Lu175 7/2 0,23 ( 0,26) 
Hf177 7/2 0, 26 ( 0, 26 ) 
Hf 179 9/2 0,22 ( 0,20) 
Ta181 7/2 0,29 ( 0,26) 
Re185 5/2 0,27 ( 0,35) 

.R
8

187 5/2 0,39 ( 0,35) 

Ta C5 JIM U a XX]_/ 

' -nepeX0)l;bI 0)J;l1HaK0B0H MYJl.bTI'lil0JI.bH0CTM Ha yp0BHH. 

HJ,t:lKHei1 poTa~H.OHHOH Il0110ChI 

a .n; p o T1m nepexo.n;a I lg 'Cf t .c.= (f31:f)2.:-(t,r:f )~ 

Ho164 1+ -- O+ .5,6 I + 0,2 
1+ - 2+ 5,8 

Tm170 I 1---. O+ 8,9 I 1- --- 2+ 9,3 
+ 0,4 

Ta180 I 1+ ....,. 0-t 6,8 I 1+ - 2+ 6,5 
- 0,3 

Re186 I 1- - O+ 7,7 I 1- - 2+ 8,0 
+ 0,3 

Re188 

} 

8, 1 
1- --- 0+ 8,6 . ---------
i- --:~------~------ -----"-tA(-CP8)!lleeJ=o,s ~--------+---------, (Ta180·ncKnnqeu) 

+ 0.5 

llOB 

2+; 

SI ll e~ 

.:::or.r. 

corn 

K 3F 

36TII 

cpopM 

:>K el 

He I 
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3To npaBrrno MO)K0T 6bITh npoBepeHO H npH conocTaBneHHH HHT0HCHBHOCTeil: nepexo-

.llOB c ¥' -BH6paUHOHHbIX ypoBHeil: u npyrHX ypOBHeil: c I = K = 2+ Ha ypOBHH I=O+; 

2+; K = 0+. 

B Ta6nuue xxw npHB0.ll0HbI ,ll8HHbte, OTHOCSIIUH0CSI K paccMaTpHBaeMoil: o6nacTH 

SI,ll ep: 

T a 6 n H u a XXW 

.ff .ll p 0 

B /E2,2 -- 2+/ 

Teop. 3Kcnep. 

Sm 152 
0,1 ,.._, 0,6 

D'J 
160 

0,7 ,-,0,6 

182 
0,7 ,-0 62 w t 

w 184 
0,7 -----o 6 

t 

Wl86 0,7 ,.__.o ,a 
186 

Os 0,7 ........ o,4 

05
188 

0,7 .--,0,4 

Os190 0,7 '""'0 1 t 

Ha Ta6nHUbI cnenyeT, 'ITO B cHnhHO necpopMHpoBaHHbIX Hnpax Ha6monaeTcSI xopowee 

cornacue TeOpHH H 9KCnepHM9HTa, 0,llH8KO no Mepe npu6nH)K9HHSI K rpaHHU9 o6naCTH 9TO 

cornacHe TIOCTeneHHO yxynwaeTcSI. 0THOlll0HH9 HHT9HCHBHOCTeil: Ha rpaHHuax rrpH6nH)Ka9TCSI 

K 3Ha'leHHSIM, xapaKTepHbIM nnSI ccpepH'10CKHX SI.llep. 

3To Hapy.weHHe npaBHna HHT9HCHBHOCTeil:, a TaK?Ke npaKTH'lecKoe HC'l03HOB9HHe K
. 190 Os CBH.lleTenhcTByeT o TOM, 'ITO B Hnpax c TaKHM ManbI_M napaMeTpoM ne-aanpeTa y 

os I 90 /Ji := 0, / 5 cpopMaUHH / .1- / H0nb3SI .llOCTaTO'IHO nonHO OT,llenHTh BpamaTenhH08 .llBH-:" 

)K 0HH9 OT BHyTp9HHHX HyKnOHHbIX ,llBH)K9HHil: H, cnenoBaTenhHO, BOnHOBaSI cpyHKUHSI CHCT0Mbl 

He MO)K0T ObITh npencTaBneHa B BH,lle: 

-yr-_.R• Lfr/{ D~" (el) 
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_npu pa6oTe Han: H8CT0SIIUHM n:oKnan:oM TI0MHM0 9KcrrepHMeHTanbHbIX n:aHHbIX, rrony

qeHHhlX YK838HHhlMll B Haqane CT8Tbli C0B9TCKHMH aBTopaMH,wlip0K0 liCtI0nb30Banrrcb n:aH

Hbie, orry6nHKOB8HHb!9 B llHOCTpaHHOH nrrTepaType. non:po6HyIO 6u6nuorpaqm10 M0)l(H0 HafiTII 

B cnen:y10r..uux pa6oTax: 

I.K .Aider ,A .Bohr, T. Huus, B .I!.ot tels on ,A.Winter 

Rev.Mod.Phys.28, 4J2 (I956) 

2. E.,U)l(enenos, JI.neKep. "CxeMbI pacnan:a pan:uoaKTHBHbIX srn:ep", Han:. AH CCCP 

/1958;. 

3. B.Mottelson,· s.Nil3on "The Intristic States off Odd-A 
Nuclei Havine Ellipsoidal Equilibrium 
Shape" (1958). 

M bl Bb!p8)1(89M Hawy rrpH3HaTenbH0CTb TI pocp. E.M 0TTenbC0HY 38 rrpen:ocTasneH1Ie 

6onbi.uoro KonuqecTBa n:aHHbIX o HeqeTHbIX srn:pax n:o ux ony6nrrKoBaHrrsr. 
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