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OBUAH XAPAKTEPHCTI1KA PAID'ill 

AKTyam,HOCTl> T8MH 

B llOCJI8,ItH.118 ro,Itll BCe 6OJII,me BHHMBIDl'.R Y.It8Jl.118TCJI .11syqemm CTpyx
TYPH STOMH!iX ~ep C OOJII,mm,m MSCCOBmnt 11KCJISMH. K HaCTOJilll8My BpeMe
HH, 6Jraro,Itaps1 nporpeccy B axcnepmreHTa.JII,HIIX HCCJie,JtoBSHWDC, HMeeTCH 
,ItOCTSTOllHO :t.moro ,ItaHH!IX O COCTOJml!JDC KB83.11118CTH11HOI H KOJL1!8KTHBHOA 
llpHpO,Itll B 8THX Ji,IU)aX. CyllleCTJ3Y8T H8CKOJII,KO O6111HX oco6eHHOCTefl TJDte
.ma: .imep, onpe.zteJIHBlllll H~paBJieHHe TeopeT.1111ecxoro onHcamm axcneim
M8HTa.JII,HliX ,ItalllWX • .ff,Iij)a .113 ceMeffCTBS aKTHHOH,n;OB C 11KCJIOM He!TpoHOB B 
pafloHe N rw 140 JIBJISD:lTCJI ,1teq:op.mpoBSWWMR. PoTaI.l;JIOHHlie nOJlOCH B 
HRX npoCJieimBSmCH .zto CllHHOB nopsJ.ItKa I = 30. CnexTp HepoTaI.l;ROHHHX 
B036yz,ztemn! B8Cl>Ma 6oraT. Hepe.ItIUi CJiyqaH CY1118CTBOBamm H8CROJII,RWC po
Tail;JIOHH!iX llOJlOC, pacnOJIO%8HliliX B oqem,.YSKOM HHT8pB8Jle 8Hepr.llA BO3-
6Yllf,ltemm • .lJ.aHHHe 8KCll8pml8HT8 118TKO yx83W38Jl'l' Ha HSJmltHe OTKJIOHem 
oT 8,Jtlita6aTnecxo:9 Teopu. IIo Mepe pocTa yrJioooro MOMeHTa I BWIOJl
HeHHe saxoHa E(I) ,_, I(I +i) HapymaeTc.11. CylllecTBeHHlie OTRJIOHeHWI 
OT llp8BWl 8,Jt1it86&TH118CRO! Teopu HS~aJJTCJI H B BeTBJI8HHH 3Jl8KTpoMSr
HH'l'lWX nepexo,ItOB Mez,Ity COCTOJlll:Wllm poTaI.l;ROHHHX llOJlOC. Ilp8,ItCK83aHWI 
8,Jt1it86aTH118CKOff T8Opi[.11 Hepe.ItKO OTJlll118J7rCJi Ha COTHR npo~eHTOB HJllt ,ItaJte 
Ha llO:pJWm B8Jllt11HHH OT ,ItaHH!IX sxcnepmleHTa. 3TH OTRJ!OH8HWI, KaK npa
BWlO, He llO.JUtamCJi OIIHCSHHII F HDBttmmc llOpsJ.ItKaX Teopu BO3MYlll8W no 
ll8paM8TpaM ROpi[OJIHCOBOfl CBJISl! IIOJlOC. 

OTKJIOH8Hl!JI OT 8,Jtlita6aTIA8CKO! TeOpllllt llpi[ 60.1ll>!ll.llX cmmax onpe,Ite
JISDJ'l'CJI, B OCHOBHOM, BHCTpaHBSHH8M BJiYTpeHHHX yrJIOBHX MOM8HTOB KBSSl!
qacTHllHOfl llpHpo,JtH. B o6Jlacm yYepemwx: CllHHOB OimCaHHe He8,Jtlit868TH11ec
RWC ajq>eKTOB BOSMQ;mO B paMKaX MO,IteJie:9, B KOTOPl:IX ,JtonycxaeTCa CM8WH
BaHHe COCTOJDild!, l!M8DIUIX OTHOCHTeJII,HO He6om,my11 3H8prHD B036Yllf,lt8HWI. 
OrpaHHqem1e npocTpaHCTBS CM81llHBamtll COCTOHHHfl.KOH811HHM 11KCJlOM'llO3BO
JlH8T yqecTl> ajq>eRTH CBJISH TOllHO, He llpi[6erSJI K T8Opi[.II l30SMYlllem. 

Y11eT CBJISH KOJL1!8KTHBHHX llOJlOC B paMRaX llO,ItO6Hl:IX MO,IteJieff npoHSBO

,ItHJlCJi :t.mormm aBTOpaMH. O,JtHaKO BO MHOrHX CJiyq8JIX OrpaHlAeHHe Ha6JlD

,ItaeMHMH B CSMO:9 HHSROA 1180TH cneKTpa IIOJIOC8MH ( gr -, .fa - H 1-nOJI.O
CSMH) OKS.SHBaeTCJi He,ItOCTSTOl!HHM. IlOJ!OlleHHe HCllp8BJIJi8T BltJllltl8HH8 B 
oimcaHHe S (cynep)-nOJiocH c KBSHTOBmm xapaxTepi[CT.IIRSMH K9C = r+, 
JI8llt&II!8:9 BHm8 yx838HHl:IX llOJIOC. . 
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Bo3MOEBOCTb OIIl![caHWl Hea.zum6aTR11ecrua: XBpaitTepRCTm< HR3KOA8Jlta
DtHX COCTOJIHl!fl, BKJlJJ1l8DlllRX B38lIMOJJ;e:l!cTmte llOJlOC C $ -nOJlOCO:I! , Tpe-
6yeT npelE,ll;e Bcero npoBepKII'. BliBOJJ;OB ~HOMeHOJlOrHqecKOro aHBJmaa, a 
T810lte BWl:CHeHHJI cpil3Hqecrua: npia:,nm, llplilBO,ItRlllWC K CM0nuraaHHJD UOJlOC. 
Eo.nee Toro, ,JtJ.tJl H3B1!eqeHWI n0Jle3HO:I! HHqlOp.!alij!H 06 OCHOBHHX xaqecTBeH
ma: ajxpeKTax, B03Hmtall!IHX H3-38 npm,1e1Dll'Rf!HHS: KOMnOHeHT S -nOAOCli 
K ,ll;pyl'm,I KOMnOHeHTaM, ~Mecoo6pa.3Ho npHBJielll> HHq>Ol)Mail;l!JD O npHpOJJ;e 
s -nOAOCli. BKJIJDqeHHo:I! B npocTpa.HCTBO 9r -. .fa - H 1-nOJlOC. 

HaK60Aee BIIeqaTJIHlliltm4 peaynTaTOM COBpeMeHHO:I! SKcnepl'[MeHTaJII,HO:I! 
cpe:smm: HR3rutx: SHeprHA JUlJilieTCJl OTKpliTHe HOBOA KOJIJ.IeltTHBHO:I! HSOBeKTOp
HOfl MarHHTHOfl ,ll;HllOJJl,HOA MO,ll;li. B CBJl3H C STHM npe~amca pa.3Hlie MO
JJ;eJIH HJJ;pa., OllllCli~e HR3KOAeJKa111He B036YlE,lteHHlie COCTO.mmJI l:t cnoco6-
CTBYJ111He BWICHeHHJD cpHSRliecrua: npHqm q>OPMHp0BaHHJI ll0JJ;06HWC KOJIJ.IeKTHB
ma: MO,ll;. 0,11,Hofl :e:3 TaIGDC MOJJ;eAefl JUlJilieTCJl JJ;Byx:pOTOpHaa: MO,ll;eJll, H,ll;pa., 

npe,ll;JIOllteHHaa Ila.nyM6o w. H m>-~ B ltOTopoA ,ll;OnycxaeTCJl OTHOC.IITMDHOe 
JJ;BmlteHRe npoTOHOB H HeATpoHo~. T.e. "r.llI'aHTCICd yrAOB0:11 peSO!UlHc". 
Taxoe ,ll;BHllteHHe reHepHpyeT COCTomme, CBa:38HHOe C OCHOBHliM COCTommeM 
JJ;HnOJll,lWM.11 MarHHTHHMH.nepexo,ItaMH. AmlJiorHJI c r.llI'aHTCKHM JJ;Hn()Jll,Hl,IM pe
soHaHcOM HSBO,ll;HT Ha MliCJll, 0 TOM, qTo B036Ylf,ll;eHHJl r.llI'aHTCKOro yrAOBOro 
peaoHaHca (l'YP) MOryT 6liTb peMH30BaHli He TOJll,KO Ha,It OCHOBHliM, HO .II 
Ha,ItB036YlE,lteHHHMH COCTOJIHHJlM.11 JJ;eqx>p.mpoBaHIWXaTOMma: H,Itep. B TaKOfl 
CHTy&mm aKTyaJlliHOfl CTaHOBRTCJl 38,ltaqa CMelll.llRSHHH COCTOJmHii C pa.SHliMII 
BHYTpeHHHMH KOHg)Hl'Yl)8lU!SOOI• 

H3MepeHHlie SHaqeHHJl SHeprm! BOS6Ylf,ll;eHHWC COCTOJ!HHA.1+ CBHJJ;eT8Jll,
CTBYJ)T O TOM, qTO OHH pa.cnOJlOllteHli He oqeHD BliCOKO B cnexTpe.B036YlE,lte
m, T.e. OTHOCHTeJJl,HO 6AH3KO lt JJ;pyrl!IM B036YlE,1];eHHliM COCT0Jmr/U3M KJ[= o+ 
H xx= 2+. KpoMe Toro, y B036Ylf,ll;em T.llna l'YP KBSHTOBHe XBpaitTepxc-· 
Tl:UG[ Te lite , qTO H y cocToam l'HIIOTeTR11ec'xoA s -noAocs, T. e. K!/C = 1+. 
STo JJ;aeT OCHOBaHHe ,JtJ.tJl RX OTOllt,ll;eCTB1!eHHH. OJJ;Hofl HS llpe,ll;llOCWIOK K TOMY. 
MOllteT CJJYDTb T810lte l! .TO 06CTOJ!T8Jll,CTBO, qTo B npe,JtJIOllteHHoA MOJJ;eJIH 'IE 

He yJJ;a8TCJl ycTpaHHTb CBJl3b M8ll(,lly p0Ta.IU10HHOll l:t BR6pa.IU10HHOH 'lSC-
TJiMR cneKTpa ~ HJJ;ep C H8pamwM ~MOM npOTOHOB l:t HeHTPOHOB. 

Ha OCHOBe npeJJ;nOJlOllteHHH, corJISCHO ~OT0p0MY COCTOJ!HHJl S -nOJlOCli 
COOTBeTCTBYJDT B036Ylf,ll;eHHJD l'YP, OKaSSBaeTCJl BOSMOJmliM nocTpOHTb MO,ll;8Jll,, 
OnHCliBaIII1YJD Hea.zum6aTl!qecKHe aqxpeKTliB cneKTpe BpalllaTeJJl,HO-KOJle6aTMD
ma: llOJlOC H B WieKTpOM8rHHTHHX XSpaitTepRCTm<ax llOJlOlltHTMDHOA qeTHOCTH 

JJ;eqx>IUHpoBaHma: 'leTHo-qeTHSX H,D;ep. n.,ur STOro CAeJJ;yeT pacnm:pxTb JJ;eyx
p0TOpHyl) MOJJ;B-JJl,, Bl(A]DqaJI B Hee B036YlE,1];eHHJl BHYTpeHHe:I! npia:po,ll;S. KoH
xpeTHaa peaAHs~ TaKOA 38,lta~ H HSyqeHHe BJIWIHl!tli KSOBeKTOPHOro MI
pesoHaHCa Ha XSpaitTepRCTm<H ~r - . .fa - H 1-noAOC COCTSBAHeT OCHOBy 
HSCTOJmteA pa60Tli. 

• De Franceschi G. et al. - Phys.Rev,c, 1984,v.29,No.4, p.1496. 

2 

UMD pa6oTli - HsyqeHHe CTpyKTyps HHSKOJleJKallUDC cocTo.lllill.A B TJDJte
AHX JJ;eqiop.mpoBaHHSX H,ItpaX: 

I. PaSmtTHe JJ;eyxpOTOpHOA MOJJ;ea H,ll;pa. ,JtJ.tJl OIIl![CaHHJl Haps,,Ity C BOS-
6yl!,IteHl!RMl! T.llna l'YP T810lte H BHYTpemmx BOS6Yllt,ll;emnl: npoTOHHOA H He:1!
Tp0HHOA llO,ll;CHCTeM. 

2. BwlcHeHHe p0Jili COCTOJmlidt MI-pesoruraca B SaJJ;aqe CMelIIKB8HWI· 
COCTOJ!m C pa.SllllMH BHYTP8HHHMR KO~ HAR, HHWH MOBSMH, 
HCMe,ll;OBaHHe HeaJJ;Ha6aTR11ecrua: 8<pp8KTO~, BliSBaHHSX BOS6~erutm.m MI
MO,ll;li, B qeTHo-qeTHSX H,Itpax. 

3. AHams axcnepRMeHTaADHliX JJ;8HlWX, a TaKllte TeopemqecKHe npeJJ;
cxasaHHH C llOMO!lll>ID paSBKTOA MO,ll;eJIH. 

Hay:imaa HOBHSHS H llpaKTHtleCKSJl UeHHOCTb 

B ,ll;HCCePT~ npo,ll;eMOHCTpHpoBaHS IDlip0Kll'.e BOSMOlltHOCTH ,ll;Byx'.p0TOP
HO:I! MO,ll;8Jlll H,Itpa B H3yqeHHH HeaJJ;Ha6aTl!'leCKHX ajxpeKTOB, Bli3BSHHl:IX BOS-
6yJ1r.n'emta:MHMl-MO,ll;li, H B Oim:CSHHH HHSKOJlelEalllIDC CHJJl,HOCBJ!SaHHSX COCTOJl
m TSD!tMSX JJ;eqiop.mpoBaHHliX H,Itep: 

- ,llaJm nOJJHliA aHBJmS raMl:IJll,TOHHaHa H,D;pa. B npe,ll;Me CHJ!l,HO:l! CBHSH 
npoTOHHOA H He:l!TpoHHo:I! KOMIIOHeHT H cpHSRlleCKOe onpeJJ;MeHHe KOJIJ.IeKTHB
HSX KBaHTOBSX ~CeA. HaflJJ;eHa peMHsaIJ;Wl npoe~ Ha BHyTpeHHHe OCH 
onepaTOpa llOJJHOrO yrAOBOro MOMeHTa ( l ) R OIIepaTOpa OTHOCHTMDHOrO 
,ItBHllteHHJl JJ;Byx: poTaTOp0B. ( S ) ,JtJ.tJl CJlyqSSI, KOrJJ;a npoeltll;Wl BHYTpeHHe;. 
ro yrAoBOro MOMeHTa Ha ocb npia:~eHHoA_axcHaJII,HOA cHMMeT!)llH ( k) 
OTJlllqHa OT HYM• 

- HOBliM BKAa,ItOM JUlJiliJDTCJl llOAHlifl aHBJm3 CBHSH pa.SHSX T.llnOB ROJl
AeKTRBHOrO ,ll;BmlteHHa B pa.MKax MO,ll;eJlll H nocTpoeHHe raM.IIJll,TOHOBCKO:l! MST
pml;l:l B 6a3Hce, yJJ;o6HOM JJ;M BsyqeHHJI CHJ!l,HOA CBHSH IIpOTOHHOA n He:l!TpoH
HoA KOMIIOHeHT. HsyqeH cneKTP CHCTeMli H noxasaHo~ qTo B H,1l;pa.X C 6()Jll,
lllHM HS6STROM HeATpOHOB aqxpeKTli C:SS:31! Bpa.llleHHJl H;D;pa KaK UMOrO H OTHO
CRT8Jll,Hlie IIepeMe~eHHH He:l!Tpom!oA H npoTOHHOA KOMnOHeHT IIplilBO,W:[T K 
CHJ!l,HSM nepeHOp.!l!POBKaM MOMeHTa HHepuim H,D;pa., a TalOlte MarHHTHlll MO
MeHTOB COCTO.s:wd! pa3Hl:IX llOJlOC. llMyqeHli BHpa.llteHHJl ,JtJ.tJl MOMeHTa HHepum! 
noJioc, nocTpoeHHl:IX Ha BHYTP8HHHX <pyHI(IJ.HIDC. B CAY'lae k = 0 MOMeHT 
HHepD;WI H,ll;pa. O:KaSliBaeTCJl paBH!iM CY114Me MOMeHTOB HHepD;WI npoTOHOB H 
HeflTpoHoB. MoMeHTs HHepD;WI IIOJloc c k -/:. 0 oxasliBamca 60J.IbllIHMH, qeM 
MOMeHT HHepD;WI ocHoBHofl IIOAOCli qeTHo-qeTHoro HJJ;pa. ( k = O) • . · 

- BllepB1,1e npe,JtJIOllteHa npoueJJ;ypa noAyqeHHH o61Ill:lX wpa.xem ,nJIJi 
MYJJl,T.llnOJll,HSX onepaTOp0B B paMKaX ,ll;Byx'.p0TOPHOfl MO,ll;eJIH, KOTOplie npeJJ;
CTaBJlHJDTCJl B BHJJ;e CYMMU HSOCKEIJIJlllHIDC H.KSOBeKTOpma: ROMnOHeHT, yJJ;06-
HO:I! ,JtJ.tJl HSyqeHHJI pOJIH BOS6~elid mna l'YP B sa,Itaqe CMelll.llBaHHJl coc
TOJIHlidl C pasHSMH BHYTpeHHHMH KOH~- IIoxasaHa 0611l8Si cxeMa no
AyqeHHH MSTplilqHlll WieMeHTOB onepaTOpOB MI H E2 no~. ~TliBal>-
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1i1RM CMellllm8lllie HHSKOJielltalllliX COCTOmml C BHCOKOJielltaJIIID,m. Ha 8TOM IIyTH 
BWlllJlelill II~IIpa.BIW K MB.TpH'DWM SJieMeHTaM (M. a.), IlpKBO,Itml!He K OTKJIO
Helll!J3M OT IIpaBWI a,D;1Ia6aTlt'lecxoa Teopm1. 

- HOBHM :e: HaH60Jiee' · BaJIUIWr! pesym,TaTOM Jm1.tHeTCJl: TO, 'ITO IlpHCyT
CTBHe r+-KOMIIOHeHTli B co6CTBemwx ~ rSMlinTOHHaHa pa.SBHTOB 
MO,IteJIR JJ.ItP8. IIpmlO.Itl!T K IIOJl:BJieHHm MI-nepexo,ItOB BHyTp:e: 1-nOJIOCli. 

- Mo,Item, IIpm,!0HJl:0TCJl: ,IVlJi HCCJI0,ItOBaHHJl: Hea,D;lla6aT:irqecKPDC aqq>eKTOB, 
o6yCJIOBII0HHliX BOS6yz.neHHJIMH THIIa rYP. PacCMOTpeH CJJYimB CMeWHBmWJi 
COCTOJIHHfl 'd.f" - , j, - , J- H S -IIOJIOC , B KOTOp0M COCTOJl:HHJl: S -IIOJIO
Cli OTOllr,It0CTBJIJl:ll'l'CJl: C COCTO.mmm.m HSOBeKTOpHOro MI-peSOHaHCa. Iloxasa
HO, 11TO CmtHOBaJl: SSBHCIIMOCTD M.a. rru.mm.TOHOBCKOB MSTpl!Uli COBlla,ItaeT 
C SSBHClIMOCTl,I) M.a. raMHJ!l,TOHHaHa KOp:e:OJIHCOBa BSSRMO,IteflcTBWI. IlpoBe
,Itelill 1lll:CJI0HHli0 pact1eTli 8Hep:rmi ypoBHeB H IIp:e:Be,Itemwx Bepo.ll:THOCTe! MI
l! E2-nepexo,ItoB MeJIUJ.Y pasJWMK cocTOJlIDtl!Ml,I JJ.ItP8. 232Th • IloxasaHo, no 
MO,It0Jll, xopomo BOCIIp0l!SBO.ItHT 8KCII0pm.!0HTaJII,BYJl CHTYar.tT<W, ,IPUI KOTopoa 
X8paKT0pHli Cl!Jll,Hli0 OTKJIOHemut OT IIpa.BWI a.ItHS6aTlt'l0CKOB Teop:e:H. C,IteJia
Hll ouemm KOHKYP0HTOCIIOC06HOCTl! 3JI0KTpl!110CKPIX KBa,Iijlynom,HliX l! MarlillT
HHX .ltHIIOJll,HHX J-KBaHTOB IIp:e: paCII8,Ite COCTOJillllll J - l! J-IIOJIOC H,Itpa 
232Th. . · ·· 

JutccepT~OHHaa pa6oTa JiBJlll0TCJl: .JtaJII,HeBml!M paSBHTl!0M qiElHOMeHOJIO
rl!tleCKOro IIO,ItXO,Ita Kl!Syt10lilIJl CTPYKTypli ,Iteq>Op.mpoBS.HHliX .imep. lloJJ:yqeH
Hlle pesyJIHaTli C IIp:e:B1Iet1eHl!eM l!Hq,Dp.!~ 0 IIpl!PO,Ite KOJIJieKTl!BHliX coc
Tosmd r+ B OIIl!C8lUDl Hea,D;1Ia6aTR'16CKPIX xapaxTep:e:CTl!K CI,I.lII,HOCBJl:SaHHliX 
lUISKOJiell&ltHX COCTOJl:Hl!B uoryT 6liTl, IIOJI03HliMl! ,D;,7lJ;l . . IIOWIM8HJIR . 
qHSl!11eCKBX IIpH1llIH, IIp:e:BO,JtRIIIHX K CM011ll!B8Hl!D IlOJIOC, l! N,tJi IIpol'HO,Sl!poBa
WIJI H8KOTOpiiX CBOICTB KOJIJI0KTl!BHliX COCTOmml • Ilpe.ItJIOllteHHast MO,It0Jll, MO
zeT WTl! CB08 npmaeHeHH_e B APyrl!X O6JiaCTJIX.,Iteq,op,mpo~ .imep, .a 
TaKll8 B OIIl!C8Hl!l! HOBliX 8KCIIepm,1eHT8Jll,lWX ,ItaHHliXo 

AII;po6amm pa6oTu 

PesynTaTli, IIpe,ItCTaB/IJlewe B .Itl!CCepT~, H0O,ItHOKpaTHO ,ItOKJia,J:tll
BaJIRCI, H O6c~c1, Ha ceMJmapax .lfa6opaTOp:e:H TeopeT:irqecxoB <IHsmat 
O6~8,ItHH8HHOro llHCTl!TyTa s;n;epHWC ~CCJie.u;oB8JU!fl l! Jia6opaTOPHH H,It8pliliX 
MOM8HTOB HHCTl!TyTa H,It8pHOB qiHSHKH AH YsCCP, a TSIOEe Ha KOMRT8T8 IIO 
CTpyxType H,Iij)8. np:e: Y'l'.8HOM COB8T8 OHHH IIO g)l!Sl!K8 Hl!SKl!X aHeprd (,Ily6Ha, 
I986) , Ha YII Pecny6Jil!KaHCKOi! KOHq>epeHUD MOJlO,ItliX ytl8HHX (~, 
I985), Ha XXXYI (Xapl>KOB, I986) l! XXXYII (il.?,!a.na, I987) Bcecol)SHHX co
B8JIISHlUIX IIO H,It8pHOft Cll8KTp0CKOIIlm l! CTPYKTYP8 STOMHOro JJ.ItP8., Ha T8Ma
Tl!t1ecm cemapax "Eosow H rll',Itpc>.ItHHAwma B aTOMHliX s;n;pax" (O.u;ecca, 
I98,5) H "KOJIJieKTl!BHaa .imepHaJI .ItKHBWDW" (O.u;ecca, I987). 

1Jy6.mnramm. no MB.Tep:e:aJiaM ,Itl!CCepT~ ony6JIHKOBaHO 110Tlipe pa6OTli, 
CIIl!COK KOTOpliX IIp:e:JiaraeTCJl: B KO~e aBTOpeqiepaTa. 

4 

n 

O~eM pa6OTli. ~ccepTaIUIOHHaJI pa.6oTa COCTOHT HS BBe,IteHl!Jl:, Tpex 
rJiaB OCHOBHOro CO,IteplUlHKSI, SaKJIDq0HHJl: H .ItByx IIPHJIOlltemul.- Pa6oTa HS
JIOJleHa Ha I4O CTpamm.ax MallIHHOIIl!CHoro TeKCTa, Bit1Ill1l8Jl IO p:e:CyHKOB, 
IO Ta6~ l! CIIl!COK ~zpyeMoB JIRT0paTfP!,I l!S 84 HaHM0HOB8lil!fl. 

CO.uEPJl[AHHE PA130Tl:l 

BBe,neme CO,ItepuT KpB.TK_Oe o6cyz.neHHe BOIIp0COB, CBJl:SaHHliX c 
OIIl!CaHHeM HHSKOJleullllDC COCTOJl:Hl!B .u;eq,op.mpoBaHHliX T.Rllte.mlX H,Itep, B KO
TOpliX Ha~amCJI CI,I.lll,Hli0 OT:MOHemut OT Ilpa.BHJI a,D;1Ia6aTR'l6CKOB T0Op:e:H 
Kalt B CII0KTpe, TaK H B B6TB1Iemm IIepexo.u;oB. TalOlte Kpa.TKO IIepe,mCJielill 
HeKOTOplie TeopeTH11ecK1:te IIO,ItXO.Itli, Ha OCHOB8 KOTOpwc l!CCJie,ItyJOTCJl: Bonpo
Cli, KaCamllti[8CJl: KOJlJI8KTHBHOfl l!SOB0KTOpHOi! .ltHIIOJII,HOfl MO,Itli. O6OCHOBaH8 
uen pa6OTli, IIOKaSliBa0TCJl: ee HOBHSHa H IIpaKTH110CKaJI ueHHOCTI,. Jf.aeTCJl: 
IIJiaH .Itl!CCepT~• 

IlepBaa rJiaBa IIOCBllllle~a IIOCTpoern ,ItByxpoTOpHOB MO,IteJIR JJ.ItP8., IIpe.zt
H8SHat1eHHoB N,tJi OIIl!CaHWI HHSKOJI0lltalllliX COCTOJl:Hl!B IIOJIOllT0Jil,HOft 118THOC
TH .u;eq>OpMHp0BaHHWC H,Itep H8.psmy c BOS6Yllr.Jt0HWD4R THIIa rYP. 

B § I CTpoHTCJl: H IIOAPO6HO aHaJIRS.lripy0TCJl: IIOJIHliB rmmJII,TOHl!aH ,ItByx
poTOpHOfl MO.IteJIR, B KOTOpofl H.ztPO IIpe,ItCT8BIIJl:0TCJl: KaK ,ItBa aKCHAJil,HliX po
TSTOpa (IIpoToHHliff l! HeBTpoHHliff), .u;miramtKXca .u;pyr OTHOCl!Tem,Ho APyra 

-~ :Sp 

l i'i3 

28 __,._ _ __,, 
gn 

PHc.I. reoMeTp:e:a ,ItByxpoTOpHOfl MO,IteJIR 
.impa. 

(CM. p:e:c.I). C1lll:TaeTCJl:, llTO ~ .as 
IIO,ItCRCTeM (IIpOTOHHB.Jl: z HeffTpoHH8.ll) o6Jia
.u;aeT CBOBCTBSMH, THim1DWMlI NlJi aKCl!aJII,
H!,IX H,Itep. rSMl!Jll,TOHHaH H,Itpa SaIIHCliB80TCJl: 
B Bll',It0 

H- t +TN+ v(e)+?f intr ' (I) 

r.u;e ~ int,. - BHyTpeHlld rm.utJII,TOmmH s;n;pa , onepzpyDll:llll B npocTpaH
cTBe BHYTp8HHHX IIepeMeHHliX l! .u;onycxamtm! COCTOJIHHJ! C HeHyJieBofl npoeK
Ul'[eft yrJIOBoro MOM8HTa HYKJIOHOB Ha COOTBeTCTByJlllY'll OCI, C:lrIWJl0Tp:e:H. Ilo
T0HIJ;Ra.JI BSEUIMO.zteffcTBHJI MeJIUJ.Y poTSTOpaMH OIIpe,IteJIJl:eTCJl: ~eA V ( ()), 
r,11;e IIepeMeHHB.Jl: e P.8BH8. yr;ry CM811lemuf :WC HS llOJIOlleHWi paBHOBeCHJI. 
B rm.mJil>TOmtaHe (I) 'Tp H f N - aTO onepaTOpli Rllli0TH110CKOB 8Hep
ru COOTBeTCTBYDitKX IIO,ItCHCTeM, lIM8mtR0 Bll',It 

T"'-=_LAi (I"tI"'i+I"ir"i)+Ai (fi)2+ 11 i (fi)2 <2> 
L 2 -t-,- + - - +· +,+ + IL,- - , 
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A, 

r.n;e Ii_ - _KoMlloHeH'l'H onepa'l'opa yrJioooro MOM8H'l'a npo'l'OHOB (wm Heil

TPOHOB) onpe,n;eJielili no OTHOW8HlIJO K BHYTpeHHlIM OpTaM K8llt,It0il llO,ll;CHC'l'eMH. 

Och 3 BHYTpeHHett CHCT8Mli KOOMKHaT np.liHHMaeTCJi COBira]tal!Illefl C OChD 

aKCHaJII,HOil CRMM8TpHH g i ( i = p wm N ) • B Bl:l6ope BHYTpemmx 

oceil I H 2 .n;onycKa8TCJi npoH3BOJI. &.ro npxBO,ItHT K COO'l'HOW8ID1HM KOMMY

'l'rumH Mex.n:y HHep~oWWMH onepaToprum A~,~, H onepaTopoM npoe~ 
BHYTpeHHero yrJIOBOro MOM8HTa Ha OCh CHMMeTpim: 

[A i J-:- }==O·'Ai },;-m]= ~ ·2Ai ==(\, l2Ai )j" (3) +,-' 3 ,L' +,+' 3 Ut)m +,+- oi)rn.\' -r. 

0 0 1/ . 
.Rl.IteJIHB -imCJioByD '!aCTh Ai ( Ai= Z·'Ji ) HS onepaTopa A~,- , 
onpe,n;eJieHHyD KaK cpe,ItHee no BOJIHOBHM ~YJiKIU'UIM OCHOBHoro coCTOJIHWI 

H,Itpa, raMHJ!bTOHHaH (I) MOlltHO npe.n;C'!aBH'l'h Kalt 

,,._ " "I 
H=H0+T, (4) 

r.n;e 

H;'\ -Ao r-2 -2 ) D (i-2 -2 ) (5) 
o- p Ip-I~P +AN(IN-I~'N +V(8}+7{intr.· 

G.ne.n;OBa'l'eJibHO, aHad_IH3 MO,It8Jili pa36HBa8TCJi Ha ,ItBa 8'l'ana. B §§ I-3 HSY

'!a8TCJl onepaTop HO , a B § 4 - ajlqleKTH CBJlSH KOJIJieKTHBHQ_ro .n;mme

HHJI c BHYTP8HHHMH C'l'eneH.RMH cBo6o,ItH, OllHCHBaeMHe '!JI8HaMII T' . 
.n,isi: .rtaJ!bHeilmero amumsa raMHJ!bTOHHaHa Bceii CPICTeMH B § I onpe

.n;emm.rCH OCH, qiRKCHpyia!llie ee nOJIOJteHHe B npoCTpaHCTBe - { fi i, ff 2, , f13} • 
&.rx 8,ItHHH'!Hlie B8ltTOPli o6pasym npaBHii opTOHOp.mpoBaHHHii penep H Bl:l-

palta.DTCJI -qepes ::Sp H ~ 2N ~ 3a'l'eM BBO,ItSl'l'CJl nOJIHHfl yrJIOBOii MO- · 

M8HT CHCT8Mli B U8JIOM ( [ ,. [ +,. [ N ,. ) H onepaTOp 0T_!IOCHT8JlbHOrO 

,Jl;BHllteHHJI ,n;Byx no.n;cxcTeM ( S p Ip-~ ) , H oneparop H
O 

llpHBO.rtHT-
CJi K BH,Ity 

I\ ;'\ I\ 

Ho== Ho,o+ Ho,i 
' 

(6) 

r.n;e 

flo,o= t (Ai+A~){f2+:S2)+v(e)+~u,tr, (?) 

0) 1- 2 p -A N . I_. s . - (8) HA _ i (Ao o ) ( ...... -) 

Haii.n;eHa peaJIHSaiij:tH npoe~ Ha miyTpeHHHe OCH onepaTopoB J H S 
}],1UI CJIY'!a.ll, Kor.n;a llp08Klijm BHYTP8HHero yrJIOBOro MOM8HTa Ha OCh CHM-

M8TpHH OTJIH'!Ha OT liYJIJl• 

6 

I 

" 
B § 2 pemaeTc.11 sa,n;a-qa lllpe,ItHHrepa Ho 0lJI = f f/1. Hai!.rteHH 

YCJIOBWI, 068CII~'!HBS~e HHBapl!aHTHOC'l'h w' IIO OTHOWe:aru:> K npeo6pa

SOBaHHRM, KOTOpue OIIHCliBaDT IIOBOp0Tli oceil CHMMeTpim Kalll',IJ;Oi! H3 IIO.D;CHC

T8M Ha yroJI {I[ , OCTaBJIJD!lllrle HHBapHaHTHliM raMHJ!bTOHHaH. Co6CTBeHHHe 

qiymamH HOO onpe,n;eJieHH KaK 6a:mcHue ~YHKUIDI CHCTeMH: 

lJl(IMkKfln)=f ~~12Y/2( i +Si,o· s-K,O r¼ 'f ;£,n (0) X (9) 

x{D~,K(Q)Jk +{-J/IJ!,-K(QJ~-J, 
r.n;e :J. k - qiymamH, CBII3aHHHe c BHYTP8HHHM .n;mmeHHeM HYXJlOHOB; 

'D"¼AO) - 0606111eHHHe C~PH'!ecKHe WYHKUIDI, xapax'l'ePHs~e Bp8llla

TeJ!bHHe ,ll;BHllteHWI CHCTeMH; lf~,n (0) - ipymw.ml:, COO'l'B8TCTBYllltR8 OTHOCH

T8JlblWM nepeM81!18ID1HM IIpoTOHHoro H H8i1TpoHHoro poTaTOpoB, KOTOplie HMe-

2· nf ()2 ~ ~+L m BR.rt u · J1/2 

'fJ!,n(e)== (n+:r)! exp~ 2 )Ln (02)-e _i 
(IO) 

(~ech L ~ ( 82) - npxcoe,ItHHeHHliii IIOJIHHOM Jlareppa). \POpMyJia (IO) 
cnpaBe,IVIHBa B IIpl!6Jm.llteHHH V(B)=(1/2)•c02 IIpH e «_:Jl/1; • r.n;e 

c - napaMeTp llt8CTKOCTlt. CneKTP aHeprd onepaTopa H
OO 

OIIHCHBa-

eTc.11 ~pMyJioii ' 

E(IkK;rn)== i we; I(I +/.) +lJ(2n.+;£+1) +EintrCk), (II) 

r.n;e 00 - xapaxTepHc'l'.a'!ecxoe sHa'!eHHe yrJia 0 ; W - aHeprHJI 

oos6~em cocToJ!Hd 1+: w =(Ai+ At) /(2·0!) . noxasaHo, '!To 

COCTOJIHHJl xapaKT8pl!3ymCJl 'l'P8MJl 'mCJiaMH, HM8JlllHMH CMHC.ll npoeK!Utl! yr
JIOBOrO MOM8HT8 Ha OCh CHMM8Tpim·~: npoe~ BHyTpeHHero yrJIOBOro 

MOMeHTa ( k ) , yrJIOBoro MOM8H'l'a, o6yCJioBJieHHoro OTHOCPI'l'eJ!bHHMH KOJie-

6amoo.m poTaTopoB ( ;e ) , H nOJIHoro yrJioBoro MoMeH'l'a ( K = / k:::;:. a? / ) , 
a Taiat8 '!HCJIOM y3JIOB ( n ) IIO II8p8M8HHOii 0 , Ollp8,IteJIJIBJll8ff aMllJili

TYlJY KOJie6aHd po'l'aTopoB • .Il.aeTCJI cxeMaTH'!ecKoe npe,n;cTaBJieHHe cneKTpa, 

COOTB8TC'l'BY!J1!8rO B!ipaJterum (II). IlOKa3llB88TCJl, 'ITO B036~eHHJI MI
MO,It!l BOSHHKaDT He TOJ!bKO Ha.rt OCHOBHHM ( k = O), HO x Ha.rt BH6pauttoHHH

MH IIOJIOCaMH ( k - npoHSBOJ!bHOe '!!iCJIO) • 

B § 3 Hcc.nelJYeTCJI onepaTop Ho, J. (cM. ~pMYJJY (8)), KOTopw! 

H8,ItHarOHaJI8H B npe.n;cTaBJieHHH C 6a3HCHblMII WyHI(UWiMli (9) H IIpHBO,ItHT K 

cMenumaHHD cocToJIHHil Ac pasJIH'!lillMK ~ , K , n. B c96cTBewwx 

~ onepaTopa HOO • Yl!eT He,ItHarOHaJ!bHHX M. a. H O,i B cnex

Tpe C06CTB8HHHX 8Hep;rd H B BOJIHOBHX WymaI.WD{ OC~8CTB1IJ18TCJI IIO T80pHH 

B03MYlllelid: 
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,.._, 

[[l{IMkK:tn) = ll'(IMkK:en.) - c12> 

_ l_ ) (IMkK'a/n' /Ho,1. / IMkK:en) . l.Jl(IMkK'z'n') 
wL (2n'-2n+~ 1-~) ' 

Kl,.,,/ nl 
'a.) -

T.e. onepaTop H 
011 

He RBMeH.fleT BHyTp~HHero cocTOJllilJ.ll JJ;IU)a R, cJie-

JtOBaTeJII,HO, ,JtRarOH/UieH no <mCJIY k • Yll:eT CMenm::samm OaBRClWX coc

TO.flHllfl (no ll:RCJIY ~ ) . IIplIBO,ltRT K nepeHOpMRpoBite RHepl:(0:OlilWX napa:.. 

MeTpoB, OnRCl:maDlltWC RHTepBaJW :3HeprRR M81£,ey ypOBHSIMR pOTal:(0:OHHOfl no

JIOCl:l. IIOKaBaHO, 'ITO MOMeHTH HHepl:(0:R paaHHX nOJioc, nocTpoeHHNX Ha BHYT

pemrnx KoHiJ)m'ypa.I:(0:HX c k = 0, paBHl:l cywe MoMeHTOB RHepl:(0:R npoToHHoit 

R HeffTpoHHOfl COCT8BJISDllllDC, lt8K 8TO R ,JtOJDltHO 6HTD B CRCTeMax, COBep

mamimc BpallleHRe xax ~eJioe: 

lr == '} == 1s == Jp+ 1N == 1, ,(l
3

) 

a MOMeHT RHepl:(0:R no.noc c k I, 0 R, B .TOM ll:RCJie , 1-noJioc11. oTJmllaeTCJI 

OT ,JtpyrRX. ~ J-nOJIOCH nOJiylleHa CJie,eyD!l8JI q>Op,!YJIB.! 

l';t ==dj-·'1- ('JP-1N)
2 
{i+P)7-l or L J g'J. • t1:t- J , 

. tip <IN 

(14) 

r.1te P=I 4[{2n1+1)(t1'+1)]-1 ~1.,54-3. 
r1=l 

Ha B!ipaXem (13) R (14) CJie.eyeT. 'iTO 1 r > ? R ll:TO 'la, B ,JtaH

HOff MO,JteJm JIJtP8. CRJII,HO BaBRCRT OT pa8lllIIl;l:l ( '] p -;:: 'J:N ) • 
l3 § 4· npoBe,JteH no.1tp06Hl:lil aHaJIHB onepaTopa T' , CBIIBIJ.BalIIlero 

KOJIJieKTRBHOe ,JtBDeHRe C BHyTpeHllltM. ~ y,Jt0OCTB8 aHaJIRBa oneparop 

aaIIRCIJ.BaeTCH B BJJ,Ite 

r.1te 
t'=t.' +i:' .P r 

Tj = a.,,,dHo,oV(B)-?lin.tr)+°J,,2·Ho,1 ·, 

t'==t (i 2+s 2
) +(i 2 +s 2 Jtt + r ~ + + - - J. 

+t2(i+S+ +S+I+)+(s_i_ + f_s_)~:. 
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(15) 

(16) 

(17) 

I: 
. ! 

i 

I 
I 
11 

~ ~;J 
I 
I 
\ 
l 

!,I . ' 

ii 
I 

i 

aitecD Q j>,! , a J,,2 , -fii , ~: , .f,2~ R 1i; -miepl:(0:OHHHe one-

paTOpli co CBOitCTBSMR (3). OnepaTOp 7}., CMenm:BaeT COCTommR: c 

t:.k = 0, T.e. cocTOJllilJ.ll .fa -nOJIOCH ( k=K='£.=n.=0 ) c 

ocHoBHofl ( k =K = ~ = n =0 ) R S -noJiocofl ( k = n =0,K= ~=1). 
OnepaTop xe f} cMenmBSeT cocTOJmllH npa fl k = 2, T. e. cocTommJI 

ocHoBHofl, J - R S -nOJioc c 1-no.nocoit ( k = K = 2 , -;£ = n = 0 ) • 
Bli'IRCJieHH BCe MaTpall:HHe 8JleMeHTIJ. OT 8TRX onepaTOp0B no 6aSRCHIJ.M coc

TOmnmM. Ilo:itaaaHo, ll:TO HaJmlme onepa-.ropa T' B nOJIHoM rw.mJII,To

HRaHe (4) IIplIBO,JtRT K CMenm:BSHRll KOJIJieKTRBHHX no.noc, T.e. YlleT RHep-

1:(0:OHHHX onepaTopoB ( A P, N ) no paaHl:lM BHYTP8HHRM q>yHlW,li.8M AAeT JtO-

noJIHRTeJII,HYiJ nepeHOPMllp0BKY MOMeHTOB RHepl:(0:R nOJIOC H npaBO,JtRT E OT

KJIOHemw OT q>Op.!yJIIJ. llteCTKOrO poTaTOpa B cneKTP6 no~oc. 

Bo BTopo:a r.mrne pacCMaTpl!B8Jl'l'CH MYJIDTRIIOJlDHIJ.e onepaTOp!i B paMR8X 

,JtByxpoTOpHOfl MO,JteJm R AAeT~ 0611{8Jl cxeMB. BHll:RCJieHWI M.8. q>RBR'leCKR 

H8~8eMIJ.X BeJIRll:RH. 

B § l no.1tp06HO OllRCIJ.BaeTCJI npoue.eypa Bl:l6opa MYJIDTlJ,[IOJll,HHX onepa

TOp0B B paccMaTpaBaeMofl MO,JteJm JIJtP8.• MyJIDTRIIOJ!DHIJ.it onepaTop ,IµIll Kallt

,JtOit RB no,JtCRCTeM ( '[ = f RJm N ) BanRCHBaeTCJI B BR,Jte 

Jll.C[(ljL)=?, Jl
1
(.il~ 1

; I± )DJ~,(Qcr:) J 

(18) 

(r,Jte A. - MYJII,TRIIOJ!DHOCTD onepaTopa) , 8 ,IµIll Bce:a CRCTeMH npe,JtCTaBJIR:-

eTCH KaK 

J), ( A j-)- Jl,l p ( l Jl ) + cJl,l N ( Ji )l ) . (19) 

~ Bl:llllllCJieHWI M.a. onepaTopa (19) ocY111eCTBJIJ1eTc.11 nepexo.1t OT nepeMeH

Hl:lX, OllRCYB8DJtHY opaeHTal:(0:ll OT,JteJII,HliX nO,JtCRCTeM Qr:r:.={o<.cc 1 fi<t:, ~} , 
K yrJIOBIJ.M nepeMeHHIJ.M Q = { d. , 8, ,Y} , onpe.1teJIIDlllHM opaeHTaI:(0:ll 

Beel CRCTeMH B npoCTpaHCTBe' R Ii'epeMeHHoA 0 . ~ 8TOro RCnOJIDay

e.!_CJI coo~om~HRe _ri'f = R q;. n i ' B KOTOp0M OpTIJ. Kallt.ltOA R~ nO,JtCRCTeM 

n¥ =={fer ,~'[,t't } come111eHH ~ OPT~ BCelf CRCTeM!i ni () =l,2,3) 
noBOpoTSMR Rp == R,. (gc/2, e,~Jt/2)= R;t R RN =R(-5½ ,e/X/2)= R;;J. • 
~ D ~ Bill'Hepa Taxoit nepexo,1t ocY111eCTBJIJ1eTcJI ncnMDBOBaHReM 

Teopew CJIQ3elUIJI noBOp0TOB ~. 

. D;,~,(Qcr)={DJ) (0) D:,~, (k;1). 

CJie.eyJ)DtHM 8TaIIOM B BIJ.60pe MYJII,TRilOJil,Hl:,IX onepaTOp0B B paccMaTpl!BaeMoit 

MO,iteJm JIBJI.lle_!C.11 nepe;_o.1t OT npoeKI:(0:R yrJIOBl:lX MOMeHTOB f~ H I1 K 

onepaTOpaM It R St , cnpoexmpoBSHHliM Ha ocR, onpe,1teJIJmlll!e opaeH

TaIJ;Rll BCero ~. Kor,Jta 0 <.< :JC/4 , :3TO nOBBOJI.lleT yY'JII,TRIIOJII,HIJ.fl MO

MeHT ~ 8aIIRC8TD B CaMOM 66111eM CJiyllae B BJJ,Ite 
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Jl/.(lj'-) =JUo(lj1-)+Jie(JlJ1,), (20) 

r.zte 

_Jl/.0 (1jt) ==; D),JO)ftl~(l~;j f±)+JU:(JJ;~it)], <21> 

JlliliJ) Iv;/o){-~8 µn)(J1±~+1)ft';p1)±1)-Jl~0)±1)]+ 
~ (22) 

+ ~;p1;f(t, +t±j-JL;f J; ½k]+P(~1;f ~rs±}-./(~1;f I±)]} 
3Itec1, JUclAJL) JIBJIJieTCJI KSOCKaJLflpHHM onepaTopoM, a J/10(1,-)
KSOBeKTOl)HHM. 

B § 2 Bll'll!CJIIDOTCH_M.a. an:eKTpl!tJ:eCKWC KBa,ItpynOJ.II,HWC nepeXO,ItOB. 
OnepaTop E2 MOMeHTa BMeeT Bau; 

JU_ {E2,y) == Jlo{E2;.f) +JUe(E2,JL). 
B KSOCKaJI.SlpHOM KBa,ItpynOJII,HOM onepaTOpe 

J,l0 ( E2,y) == {DJ_iO) m'21J 
(23) 

KOMllOHeHTli KBa,ItpynOJ.II,Horo TeHSOpa BO BHyTpeHHefi CKCTeMe KOOp.ItHHaT 

m2,~ ==J!,p{E2JJ) +..M~{E2,Y) npe.ztcTaBJieHH CJie;crlll!HM o6pasoM: 

, Qo, Y =0' . 

m;,~= { m 0·(IJp><J~r/+IJ.~r><JJ,J)
1 

~=o, (24) 

mi(!Jr><:frl+IJ~r><;trl ), y= ±2, 
'o, ~=±l, 

r.zte Qo - BHyTpeHHKfi KBa,ItpynOJll,Hlifi MOMeHT H,Itpa. B HSOBeKTOl)HOH tJ:aC-
TR KBa,ItpynOJILHoro onepaTopa BHyTpeHHKe KOMllOHeHTli m.'2 ~ = <)Ip(£ Q, ~)-:
-JU¼ (£2,~) J;Ipli } = o R ~ = ,±2 paBHli HYJm, a IIplt SHatJ:eRWIX 
y = .±I m.ieeM 

JL{
0
(E2,f). -ie{ ,/f [ Q~

0J+m~)(JJfi)(J9rl+IJ~r)(Jpij}t c25> 

+m~
0~{JJr><J~rl+IJgr)(1rl)}(n:,l.{Q)+Di,-lo)) 

IO 

./ 

r01 reJ are> B (!)OJ:!dYJiaX {24) x (25) m0 , m2 , m 0 • m 2 , 0 - Hexo-
Topse KOHCTaHTH. IIoxasHBaeTCJI, tITO CMelllKBaHKe COCTOJIHKfi no 'llICJiy ~ 

B BOJIHOBl:IX q>~ (12) npBBO,Itl!T K CpaBHKMHM BKJia.It8M OT HSOCKaJUip
HOfl HOT HSOBeKTOpHofi tJ:aCTefi KBa,ItpynOJII,Horo onepaTOpa B M.8. MeJt,Ily 
COCTOmmm.m S - H 'J-Y- -, $ - K .fi -, S - R J-nOJIOC npB M8Jll:IX 
sHatJ:eHKJIX I • a npB 60.m,nmx cmmax BMa.zt B 8TH M.a. RSOCKalISlpHofi 
tJ:aCTH MOlKeT ,ItOMmmpoBaTLo 

B § 3 xsy-qamCJI MarIDITHHe ,Itl!llOJILHHe nepexo,ItH • .u.,m onpe.zteJieHKJI 
Bau;a onepaTOpa MartmTHoro MOMeHTa C y-qeTOM reoMeTpHR HSy<meMOff c:e:c
TeMH npo.zteJiallll Te lite one~. tITO R B § I, _H no.7IYtJ:eHo CJie;crJllllee: 

JU (Mi ,.f-) = ~o{Mi,_µ) +JU,0 (111,f-), 
r.zte . 

(26) 

JJ.o{Mf;.,-)=I rJU;(Mfi)+ .M~(Ml)~uD;lo)+f ~ ~(~p+~N)i (27) 
~ . 

JU.
0

(MiJ.!~)= -~e f J(tF~)(2.±~YfM~(Mf)±J)-JJ.~{Mf,~±1JD;_lO)+ 

l {I e1i ( _ . ) s" + 27/49[, 2m.c . ~p CJN '.fl· 
(28) 

HsocKa.JIJiplllll! onepaTop JUD (Mi,r) ,ItaeT BK.lla,It TOJILKO B CTaTnecm 
Mal'lmTHlifi MOMeHT. Ilepoo tI.lleH KSOBeKTOl)HOii tJ:aCTH onepaTopa (26) TaK
lKe BHOCKT BMa,It B CTaTKtJ:ecm MarHHTHlifi MOMeHT, KOTOplifl OKaSHBaeTCJI 

paBHHM _ J. fa-a ) % - ?N I 
of- - 2 lf dN 1 + ,:/, · ) 

p ON 

(29) 

r.zte 'J-p H 9-N - r:e:poMal'HKTHlie OTHOWeHKSI COOTBeTCTByxI!llDC nO,ItCHCTeM. 
C y-qeTOM (27) K (29) nOJiyimeM ~ r:e:poMarHKTHoro OTHOWeHRJI (!)OpMy.llli 

0 = 0 = 2e ·'JP + 'JN 1 M; 0 = + A 2 r. _ )2· 2 . 
0r ifp 1p + 4JN . 'ifs 9r o\~p 'J-N I (I+l) '(30) 

o - o + A 2 ( - ) 2 J. J-a---,r o 9P-9N · rrr +1) · 

,Iun:iaMKtJ:ecKaJI tJ:aCTL onepaTopa cJ,/. 0 ( M J J),1,) - BTopofi 'l.1.leH B 
(!)OpMYJie (28) - onpe,IteJI.SieT Mal'HllTlWe ,Itl!llOJll,lWe nepeXO,Itli MelK,Ity paSlWMll 
COCTOJIHKJIMK CKCTeMH, HanpKMep: 

II 



(I+l;sl/M18 (Mf;J-)U I;r>= 

:= j_ ✓ 3 I. -4_,(9 -9 )}I +ilf + e;A~ I(I+3)7 
0o J6JIC 2.m.C p N 2 L 2 ~' {31) 

r.I(e AO '== ( 'Jp - ~ N )/{ 'Jp + PJ,.,) • IIepeHopMllpomta. I'Hp<>ManmTHl:lX oTilo-

mem {cM. q/OpMYJm {30)) :II' "J.lieH, nponopuu:oHaJIJ,:mw 0a2 ·Ag , B 

qx)p,!YA8 {31) IIOJIBJIJD'.lTCJI H3-3a CMemHBaHRli 6a3HCHl:lX qiyHlO.l;Rfl B co6cTB8H

Hl:lX ~ {CM. qx:>p,ryJIY {12)). T8R.llte IIOJIY'l8HO Bl:lpruiteHHe ;rr.,IH. IIpH

Be.I(eHHoi\ Bepo.11THOCTH MaI'HHTlWX .lUDlOJU,Hl:lX nepexo.I(OB B nMoce k =K I= 0, 
;;e =n = o ;rr.,IH. 6oAee o6l!lero CJIY'lM 

8(Mi;~=OjJ-I-1)=~A2(9,-D )~K21(I-K)(I+K)l(e1i { {32) 
4f£ o P 0N [r(2I+:l) j 2mc}, 

H3 KOToporo Jm,ItHO, '!TO po.1I1> MI-nepeXO,I(OB BHyTpH IIO~OCli 3aM8THO ycn-

.mrnaeTCR c pocTOM 'ntMa K . Tax, npn K ) ) j ) ) I -K HMeeM 

B(MJ.),..__, K (I-K) . 

B TpeT1>eff .I'MBe HCM8,I(y.m'CR Hea,IOia6aTH'l8CKae aqxl)eKTli, Bl:l3HBae

M!i8 CBR3I,D 9-f' -, fa -, /- H $ -IIMOC. 

B § l pacCMaTpnBaeTCR npocTM (p8HOM8HMOI'H'l8CKM MO,I(Ml,, B KO

TOpofl ,I(OIIyCKaeTCJI CYl!l8CTBOBaHHe $ -IIMOCli H KOpHOJlllCOBa CBR31, MeJlt

'AY COCTOmmm.m: <Jr -, } -, 1- H S -IIOAOC. 3Ta MO,I(MI, HCIIOA1>30B8-

H8 ;rr.,IH. H3Y'leHHJi cocTommfl no~OJmTMI,HOfl 11eTHOCTH Jm.P8 232 Th. Btl
'lllCJIJmrCJI CII8KTP COCTO.mm:11. OTHOmeHWI E2-nepeXO,I(OB H3 J, - H 1-IIMOC 

B OCHOBHyll IIMOCy. 0TMe'l8eTCJI B03MOXHOCTI, OIIHCam!Sl cneKTpoB c ~ 

11eHHeM K!l[ = 1+ IIMOCli n Heo6xo,D;HM0CT1> pa3BHT:wt Teopnn ;rr.,IH. OIIHCSHHR 

8JI8KTpoMaI'HHTHliX X8paKT8pHCTHK. 

B § 2 .ItBYXP()TOpHa.11 MO,I(eA1> HCIIOAI,3Y8TCJI ~ OIIHCaHWI cneKTpa 
232 Th. CTpoHTCJI I'aMlJJII,TOHOBCKM MST~ H paCCM8.TpHB88TCJI ~ 
CMennmamm COCTORW (Jr -. J -. 1- n s -IIMOC,B KOTOpoM COCTORH:wt 

S -IIMOCli OTOJlf,D;8CTBJIJDDTCR C COCTOmm.m.m H30B8KTOpHOI'O Ml-pe30H8HC8: 

12 

I 
/ 

,-. 

er 
I(I+J) h 

21 

J., ~ s 
j(I-J)I(I+[jJ+j~ 0 r 

H==~ 2 
f (I-l)I(I+l)(r+2)f; -~ ~I J 

I(I+l) + f.v j(I-l)(I+2jf?.) -'v- {33) 

2. · 1r a s,r " 
I(I+i) +GJ J S 
~ . s 

2· d 

~ec1, f:ts£ - IIapaM8Tpli C.B/'13H, KOHKpeTHliff BH,I( KOTOpIDC OIIpe.I(eJISieTCR 

OT,!(8A1>HliMH KOM6~.HHepIUIO¥JWX_OIIepaTOpoB, .I(eflCTBYDIIHX Ha BHyT

peHHHe. BOJIHOBl:le !pymw,mI. 
Ji)m lil3Y'l8HW1 X8paKT8pHCTliIK yxaa~ COCTORW pemaeTCR ypamie-

HJl[8 
A ,v O 6 ~6 

H [ lfle . te lfle (34) 

" (j 

Ha co6cTBeHHlie aHa11eHH.11 H co6cTBeHHlie qJyHKIJ,mt, B KOTopoM H l -
l'aMltlll,TOHOBCKM MB.T~ (33). Co6CTBeHHlie ~ npe.I(CTaBJllDlTCR B 

BH.I(e 

6 6,I rv 

(pl (IM)== l fp,l 1J1p , . (35) 

{ 
p 6[ 

I',!(8 (f, p) = (Jr ,J, a-'", S} ; :lr,,i - aMWIHTY.IOi CM81lllUl8HWl 

cocTo.llHHflt l - HOMep ~TaIUIO~O-BR6paIJ;RoHHofl IIMOClit p - HOMep 

xoMIIoHeHm. ~ o/p _ lJ',,_ (IMkK ';£n) y1111TW!8JlT cMelllll[BaHHe 

HH3KM81t81ltHX C BliCOKM8Z8111}1Mll H OIIpe.I(eJIJimCJI g/OpMYAOfl (12). 
3Hepru COCTO.llm onpe,I(emmTCJI TaK: 

E o(I) = I(I+l) + w + c 6 (I) (36) 

e 2·1e t e ' 
I',!(8 1e H ~e - MOMeHTli' HHepIJ,mI H I'MOBHlie 3Heprm! e - fl IIMOCli. 

Sa.TeM IIO,JU>06HO H3JiaI'aeTCJI npo~e'A]pa qiHKCJiIPOBaHWi napaMeTpoB liI ,!(88TCR 

cpaBHeHHe·axcnepHMeHT8A1>HOI'O H T80peTH'l8CKOI'O cneKTpoB (CM. pno.2), 
a TaKllte CTIJYKTypa cocToJIHHi\ noAOlltHTeA1>Hoi\ 11eTHOCTH Jm.P8 · 232 Th • 
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5,5 E(M,B) 

5.0 
30_ 

4. 28-

4.0 26_ -

3,5 24_ -

3, 
22_ -
20 

2. -

"- -2, ,._ 
1.5( "-

1.0' 12_ -
10 _ _ 

0.5l • __ •- -
0 3= = 
~~ 
K'=o+ 

PHc.2. CpaBHeHHe axcnepm11eHTaJII,HOro li 

TeopeTH'l6CKOro cneKTpoB COCTOHHHtt 
i 232Th ! llOJIOlKHT6JIDHOtt 'l6THOCTH ,ItJI1I 

232 Th • 

'-

14 -
"-

F-: 
_-1=2 

JKCt1 Teop.-
K"-1' _13_ 

- - 12 _ _ 

10 ,0-
11

-

:~ ~ ;~i~ 
i= = ,='= 

.>Kerl Teop.. ::,i«:n nop. 

K•=o• K•= 'r 

B § 3 llOJIYlW.IO'l'CH 06IItHe Bl4l8llt6HH.ll ,ItJIII 

llpilB6'A6HHWC BepOHTHOCTett MI- H E2-nepexo
'AOB B Sa,II;a'le CM6lllBB8HRli COCTOJllilltt 'JI" -, 
J,-, 1- H K 9i: = 1+ noJioc. IloxasmiaeTc.a, 
'lTO OW!EM Ha6opoM llapaMeTpoB B B!lp8llt6HWIX 
MOlltHO OllHCliBaTl, Bee HSB6CTHlie 81tcnepm.1eH
T~lie 'AaHHli6 06 8JI6KTp0MaI'HHTHWC nepe
X.O'Aax. YcTB.HaBJIHB8.eTC.1l CBHSl, B llOJIY'l6HHliX 
06IIIHX Blip8llt61WIX ,ItJIII B(MI) M6llr,ey pa.SHHMH 
llOJIOCaMH C B(MI)I -qmtTOpOM (llpRB6'A6HHaJi 
Bepo.aTHOCTl, BOS6yllt,IteHHH COCTOHHH.ll 1+ HS 
OCHOBHOro COCTOHHH.ll H,JU)a), 'lTO llOSBOJI.aeT 
npoa.HaJIHSHpoBaTl, Cpa.BimMli6 no BeJIH'lID16 
Bepo.aTHOCTH MI- H E2-nepeXO'AOB llpR 1-pac

na.n;e COCTOJllilltt. IlpHBO'AHTC.ll 'lHCJieHHlie p8.C'l6Tli a6co.nmHWC SHa'lelid 
B(E2} H B(MI) .ItJI1I R;D;pa 232 Th H cpa.BHHBallTc.a c a1tcnepRMeHTaJII,HHMH. 
OllHCHBaeTC.ll H6MOHOTOHH8Ji saBHCHMOCTl, OT cmma OTHOmemw B(E2} HS coc
TOJllilltt J - H 1-nOJioc B ocHOBeyJO. · B D;eJIOM Ha npmiepe H,JU)a 232 Th 
noxasmiaeTCH, '!:TO 'AByxpoTOpHaJi MO'A6JID cnoco6Ha BOCllpoHSBeCTH 8KCnepR
M6HTaJII,eylO CHTyaD;HlO, ,ItJIII KOTOpott xapaKT6pHli CBJIDHlie OTKJIOH6HHH OT 
llpa.BHJI a,ItHa6aTH'l6CKOtt Teopim ,ItJIII B6TBJI6HH.ll nepexO'AOB. KpoMe TOrO,'Aa
eTC.ll aaa.,ms KOHKypeHTOcnoco6HOCTH MI- H E2-nepeXO'AOB np11 pacna.n;e coc-

TOmmA .fa - H 1-nOJioc H,JUlEt 
232Th . · ·. 

B noCJie.wmx naparpaqiax lt8Jli,Il;Ott rJiaB!l npe'ACTaBJI6Hli BliBO'Ali• 

B IIpwrOJ1temre: A llpRBO'AJlTC.ll OCHOBHlie KOw.!YTSl\HOBHlie COOTHOW6HHH 
Mez.u.y onepa.TOpa.MH, BXO,JtlilllHMZ B raMHJIDTOHHaH R;D;pa. 

IlpwIOllteHHe B SHaKOMHT C C06CTBeHHHMH ~ lf '(£ n ( 0) one
pa.Topa fl o, 0 H MaTpiltJlWMH 8JI6M6HTaMH no 8THM qi~. 

B S!IBJIIDq6HHH nepe'l:HCJieHli 0CHOBElli6 pesynTaTli .v;accepTaI\HH H cqiop
MYJmp()Balili OCHOBHlie nOJIOllteHHH, BI:mocm.rae Ha SamHTy: 

l. PasBB:Ta 'AByxpoTOpHaH MO'AeJID H,JU)a c TeM, 'lT06li OllHCaTi. Hapll',AY' 
c BOS6Yllt,ll;eHHm.m THlla rHraHTCKoro yrJIOBOro'pesoHaHca TaIOJte H BeyTpeH
HHe BOS6YJK,IteHHH npoTOHHOff H Hei!TpoHHott nO'ACHCTeM, llpHBO'AHIItHe B o6~eM 
CJIY"W.6 K HeHyJieBHM SHa'leHHSIM npoerumtt BHyTpeHHero yrJio:i3oro MOM6HTa 
Ha OCl, CHMMeTpHH. Y'leT BHYTPeHHHX COCTO.mmtt KaJlf,ll;Ott HS nO'ACHCTeM llpR

BeJI K BOSMOJEHOCTH noCTpoeHHH BOS6YJK,It6W I'YPHa.n; COCTOHHHHMH, 1IM6Dl!R
MH pasme BByTpemme KOH~. 
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2. ,lT,aHH nOJIHliil aHaJIHs r~TOHHaHa H ipllsH'lecxoe onpe'AeJieHHe 
KOJIJieKTHBHHX KBaHTOBHX 'lHCeJI MO'A6JIH. Iloxasaao, 'lTO COCTOHHH.ll XapaK
T6pilSYJO'l'CH TpeMH 'lHCJiaMH, HMellllHMR CMliCJI npoeKil;ll:tt yrJioBOro MOMeHTa 
Ha oci. cHMMeTpHH H,llpa: npoeKil;ll:tt BHYTpeHHero yrJioBOro MOMeHTa ( k ) , 
yrJioBOro MOM6HTa, o6yCJIOBJI6HHOro OTHOCHTeJIDlillMlI KOJie6aimm.m poTaTo
poB ( ;l ) , H nOJIHoro yrJioBoro MOMeHTa ( K = / k + <l I } , a TaIOKe ,mc
JIOM YSJIOB ( n } no nepeMeHHOtt 8 , Ollpe'Ae~ett aMnJmTYlJY KOJie6a
HHff poTaTOpoB. 

· 3. Haff'AeHa peaJIHsim,m rrpoeKil;ll:tt Ha BeyTpeHHHe ocx onepa.Topa noJI
Horo yrJioBoro MOMeHTa ( f _ _ ff_+fN ) H orrepaTopa OTHOCHTeJIDHoro 
,n;mmeHHH 'AByx poTaTopoB ( S = Ip - ~) .ItJIII CJIY'laJi, xor'Aa npoeKD;ll'.H 
BHyTpeHHero yrJIOBOrO MOMeHTa Ha OCl, CHMMeTpim ( k ) OTJIH'lHa OT HyJIH. 

. 4. Onpe'AeJieH Ha6op 6aSHCHWC COCTo.mm:tt. Iloxasaao, 'lTO Haff'AeHHHe 
6asncHHe <I>~. Y'AOBJIBTBop.amiae ycJIOBHRM cHMMeTpim B CJIYlW.e k I= 0, 
coBna.n;am c <pyHIUJ;H.f.lMH HS pa60Tli IlaJiyM6o H 'AP; npH k = O. Ri'lHCJieHli 
M.8. Bcex onepaTOpOB, <PRI'YJlHPYKll!ID{ B raMHnTOHHaHe MO'AeJIH R;D;pa. 

' 5; RinOJIHeH aaa.mrs CBHSH pa.SHWC THIIOB ROJIJI6RTHBHOro ,ItBWKeHH.a. 
I!OKaSaHO, 'lTO B R;D;pax C 60JIDWHM HS6liTROM He:l!TpOHOB 8qlp6KTli CBHSH Bpa
~eHHJi R;D;pa KaK :a;eJioro H OTHOCHTenHHe nepeMe~eHH.a HettTpoHHo! H npo
TOH¥ott KOMllOHeHT npRBO.n,lIT K CBJIDHOI rrepeHOpMHpoBKe MOM6HTa HHep:u;wa: 
R;D;pa._ Y'leT CBHSH 8THX TmIOB ,IUmllteHH.a oc~eCTBJI6H no Teopim BOSMYJll6HHH 
H "acnpa.BJIHeT" BiqmteHHe ,ItJIII MOMeHTa HH6p:u;;ill IIOJIOC, llOCTp06HHliX Ha 
BeyTpeHHHX 'PYHKil;ll'.HX• B CJIYlW.e k = o MoMeHT 1IHepD;1m H,llpa oxasmiaeT
ca pa.BHliM cyw.1e MOM6HTOB lIH6pD;lm llpoTOHOB H He:l!TpoHOB. MoMeHTli HHep
D;lm no.iroc c k /: O 01tasuBamca 66.n.i.urHMa, 'leM MoMeHT IDieplliUI ocHoBHoil 
nOJiocu·'leTHo-'leTHoro R;D;pa ( k = 0). 

6. _ IIpe'AJIOJKeHa npo:u;elJYpa llOJIY'l6HH.ll 06IIIHX BllpWKem ,ItJIII MYJIDTH
noJIDHliX onepaTOpOB B paMKaX 'AByxpoTOpHOi! MO'AeJIH, ROTopue npe'ACTaBJie
Hli B BB:'A6 Cyw.!li HSOCKaJIHpHHlC Ir HSOBeKTOpHliX KOMIIOH6HT 1 Y'A06HliX ,lr,ll.1l 

HSY'!:6HH.ll POJIH BOS6YJK,Itelid THila yrJIOBoro peSOHaHCa B 3a'AB-'l6 CM6lllHBaHH.ll 
COCTOHHHff c pa.SHliMH BHyTpeHHHMH KOHipllrypa:u;wIMH. lIOKaSaHa 06~ cxeMa 
nOJIY'l6HHH MaTpil'lHliX 81.IeMeHTOB ip.!SH'l6CKH Ha6JIIQI\a6MliX Be.lIR'lHH B paMKaX 

• 
MO'AeJIH~ 

?. I!OKaSaHO, 'lTO B MaTpil'llWX WieMeHTax MYJIDTHIIOJIDHliX onepaTOpoB 
HM6JOTC.1l 'A06aBKH OT npm11ecei! no 'mCJIY ;e B BOJIHOBliX qiyHitl:J;wDc, llpil

BO'AHIItH6 K OTMOHeHHHM OT npa.BHJI a.v;aa6aTH'leCROil T60pilH. IlpoB6'A6H aHa
JIHS Bcex BOSMOlltHHX HeHyJieBliX 114.a. OT HSOCita.llJlpHOH HOT HSOBeKTOpHOff 
lW.CTefl-8JleRTpil'l6CROrO ltB8JUlYil0JIDHOrO H MarHHTHOro ,JJ;aIIOJIDHOro onepa
TOpoB Mellr,ey pa.SHliMH COCTOJllilIRMH. lIOJIY'leHli <pOpMyJili .u.n.a l'HpoMarHHTHWC 
OTHOmem noJIOC. I!OKaSaHO, 'lTO OTJIH'me llH6p:u;lIOHHliX xapaKT6pilCTmt npo
TOHHOI Ir HettTpoHHO:li KOMIIOHeHT, llpHBO,Itmllee R CM6WHBaHHJO 6aSHCllliX qiyHK
IJ;Ktt B co6CTBeHHHX qiyHIOlllHX, TaIOKe o6yCJIOBJIHBaeT H nepeHOIJMHPOBKY rH
poMarHHTHHX OTHomem IIOJIOC. 
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8. Mo.u;em. IJI)KMeWieTCJI .D;JI1I HCCJie,D;OBam!JI Hea.u;mi6aTR'leCKWC :l@?eK
TOB, Bli3BaHHliX B036Y)lf.neHIDJMH Ml-MO,D;li. IIOCTpoeHa rru.m.n:&TOHOBCKaJI M8.T

pmr.a C y'ieTOM B3aRMO,D;eilcTBM r -, J -, J- R $ -IIOJIOC, B KOTO
pofl COCTO.IIHWI S -IIOJIOCli OTOllr,Il;eCTBJIIDOTCJI C IIOJIOCOI! MI-pe30HaHCa. 
IloKasaHo, 'ITO cMeimIBaHRe KOJIJieKTRBHIDC noJioc c ./J.K = I, OIIHCHBaer.10e 
raMWll>TOHOBCKOll MaT!)lme·n, RMeeT TaKyJ:) xe CIIHHOBYIO saBRCRMOCTl'>, KaK H 
CMelllllllaHHe t Bli3BaHHOe B3aRMO.u;eilcTBHeM KopHOJIHCa, H 'ITO Ilp0HCXO.D;HT 
.D;OIIOJIHHTeJII,HaJI nepeHOpMRpoBKa MOMeHTa HHepn,m H,Itpa. ,lJ,a.m1 CpamieHHe 
3KCIIepRMeHTaJil'>HOro H TeopeTR'leCKoro cneKTPQB COCTOJIHHI! IIOJIOl!tliITeJILHOil 
'leTHOCTH H.D;pa 232 Th :a cTpyxTypa cocToJIHHI!. AHaJIHsHpyeTCJI BJIHSilll!e 
IJI)HMecefl COCTomma $ -IIOJIOCli B OIIHCaHmt cneKTpoB HH3KOJiellt811lIDC CHJIL
HOCBJI3aHHliX COCTOJlllllil H,Itep, RMelllllRX Q:ilJU,Hl,le OTitlIOHeHHJI OT IIpaBHJI 
a.u;:11a6aTH'leCKOll TeOpHH. 

9. Ilo.71Y'1eHbl 06II!Re BllpallteHRJI .D;JIII IlpHBe.D;eHHHX BepoJITHOCTell MI- H 
E2-nepexo.u;oB C y'leTOM CMellllll3aHHJI KOMIIOHeHT C pa3Hb!MH BllYTPeHHHMR B~3-
6yx.u;eHH.RMII B paMKWC MO,D;eJIH. IIOKa3aHo, 'ITO O.D;HRM Ha6opoM napaMeTpoB B 
BlipallteHHJIX MOlltHO OIIHCliBaTL BCe R3BeCTHlie 3KCIIepRMeHTaJil'>Hlie .D;aHHble 06 
MeKTpoMarIDITHliX nepexo.u;ax. IIOKa3aHO Taitllte, 'ITO MO,D;eJII> MOllteT BOCIIpo
H3BeCTH 3KCIIepRMeHTaJil'>HYIO CHTyamm, .D;JIII KOTOpoff xapaKTepHb! CHJIJ,Hlie 
OTitlIOHeH.wi: OT IJI)aBWI a.u;xa6aTH'leCKOfl TeopHH .D;JI1I BeTBneHHJI nepexo.u;oB 
Ha npRMepe H.D;pa 232 Th • 

IO. Kalt O.D;HH H3 B8JIUillX pesyJII>TaTOB OTMetJ.aeTCJI IIOJIBneHRe MarHHT
Hb!X .D;HIIOJil'>HIDC nepeXO.D;OB BHYTpH IIOJIOC, 06ycJIOB11eHHoe IJI)HCYTCTBHeM 
K tlC = r+ KOMIIOHeHTH B co6cTBeHHmc qiy-HK[UlJDC raMIL7Il>TOHRaHa. .llmI aHa
.mts KOHKYPeHTOCIIOC06HOCTH MI- H E2-nepexo.u;oB IIpH pacna.u;e COCTOJIHHI! 
BHYTpH IIOJIOCH. TaKllte COIIOCT8B11JIIOTCJI BpeMeHa lltl!3HH IIO OTHOWeHl!DD K H3-
JJY'leHHll KBa.u;pyIIOJII,Hb!X :a MarHHTHIDC .D;HIIOJII,HIDC 1-KBaHTOB IIJlH pacna.u;e 
COCTOJIIDIA J - H 1-IIOJIOC JJ.D;pa 
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