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JilccnenyeM CBOACTB8 OCHOBHbiX H B036y:lKJl9HHbiX COCTOSIHHA .~tecllopMH

pOBSHHbiX Slnep B p8MK8X MonenH, Y'iHTbiB8IOIIIeA napHbie KOppenSIUHH CBepx

npoaonSIIIIero Tuna u Myn&THnon&-Myn&THnonbHbie aaauMoneAcTBHSI. 

nposeneM KSHOHH'ieCKoe npeo6pa30B8HHe Eoroni06~aa H nepeAneM OT 

'i8CTHU K KB83H'i8CTHU8Mo ~onenb He38BHCHMhlX KB83H'i8CTHU .llOCTBTO'iHO 

X OpOWO onHCbiEISeT 6onbWyiO COBOKynHOCTb HeKonneKTHBHbiX COCTOSIHHA necllop

MHpOBSHHbiX Slnep. Ycnex MonenH He38BHCHMhlX KB83H'i8CTHU CBSI38H C TeM, 

'iTO napaMeTpbi noTeauuanoa HHn&ccoaa u CaKCOHa-By.~tca, onucbiBaiOIIIHX 

cpenaee none necllopMHPOBBHHhlX Slnep, Bhl6p8Hbl TaK, 'iTO OHH O'ieHb nonHO 

0Tp8)1{810T B38HMoneACTBHSI Me)I<Jly BCeMH HYKnOHSMH. ~O)I{HO CK838Tb, 'iTO 

nnSI OCHOBHOrO COCTOSIHHSI K8)1{.110I'O necllopMHpOB8HHOrO Sl,llpa npHHSITOe cpen

Hee none T8KOe 't 'iTO OHO COOTBeTCTByeT cny'iSIO, KOrna M8TpHU8 nnoTHOCTH 

SIBnSieTCSI npaKTH'ieCKH nuaroHanbHOAo C 9THM 06CTOSITenbCTBOM CBSI38H8 

8hlCOK8SI 'iHCTOT8 HH)I{8ii:WHX K883H'i8CTH'iHhlX COCTOSIHHA. npu~eHSI9Mhl9 8 

pacq~Tax noTeauuanbi a cnyqae necllopMHpo!laHHhlX Slnep OnHCbiBSIOT cpe.~taee 

none nyqwe, '19M a cnyqae ccllepMqecKux Sl.~tep. 

KonneKTHBHbie BH6paUHOHHbie COCTOSIHHSI TpaKTYIOTCSI C nOMOIIIbiO MeTo)la 

npu6nH)I{9HHOrO BTOpH'iHOro KB8HTOB8HHSI (npu6nH)I{9HH9 XSOTH'iHhlX cllaa). 

nnSI onucaHHSI STHX COCTOSIHHA :e:ee.~teM onepaTOphl clloHOHOB 

MynbTHnOnbHOCTH A, ~ 
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• .. • ·•.•.·-•. "•' • TeopeTaqecxae a axcne~HMeaTanbHble c 

Ill 
HOcboHOHHbiX COCTORHHsfX RPOCYMMHpoB8Hbi B • KOMROH8HTbi 

COCTORHHA, 3H81f8HBR fll t" B Y I (.\f& ), p8CC'fBT8HHble C ~ 
/2/ 

UBHMB RQT8HUHana HHnbCCOHa, RpHBeJ:l8Hbi B 

. /3/ 
CneayeT OTM8THTb, 'ITO, X81C ROX838HO B , B8HHR311 

Hble COCTOSIHBSI B CHllbHOllecpopMHpoBaHHbiX RJ:lp8X ( To8o B Rllpll 

BHe nepeXOllHbiX o6nacTeft) RBllHJOTCSI O'l8Bb 'lHCTbiM, T.e. RpHN 

HbiX COCTORHBI X HHM M8llbl• 
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KaK H3B9CTHO, HM910TCH llBe OCHOBHble npH"'HHblo npHBOllHII:lH9 K flOHB-

neHHIO npHMecet!: K KB83H"'8CTH"'HbiM H !f>OHOHHbiM COCTOHHHH!\4 0 3TO CBSI3b 

BHyTpeHaero llBH*9HHH C Bp8II:l9HH9M Slllpa KBK uenoro H B38HMOll9ti:CTBHSI 

KBaaH"'aCTHU c !f>oaoaaMH. HccneuyeM ·BnHHHHe BaaKMoueAcTBHH KBaauqacTHU 

C !f>oHOHBMH HB CTpyKTypy KB83H"'8CTH"'HbiX H OllHO!f>OHOHH~X COCTOSIHHA B 

ae!f>opMHpOBBHHbiX SlllPBXo 

flpH paCCMOTpeHHH B38HMOll9ti:CTBHSI KB83H"'8CTHU C !f>OHOHBMH cne-

llY9T HM9Tb B BHllYo "'TO HanH"'He KB83H"'8CTHU npHBOllHT K H9KOTOpOMY H3-

MeReHHIO !f>oHOHOB, 0llH8KO STH H3MeHeHHSI 0 KBK npaBHno, HeBenHKH, H Mbl 

HMH 6yaeM npeae6peraTb, 

2. HccneayeM, K "'eMy npHBOllHT saaHMoaeAcTBHe KBB3H"'BCTHU c ciJoaoHaMH 
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v H clloaoaa A~t1 • 

LlnH Ka*Jloro aRa"'eRHH K" H p HM88TCH CBOe ypaB 

peweHHH ero 'I 1 • '1 2 • • • • HBnSIIOTCSI SHeprHSIMH COCTOHHHA, 

B CXeMe ypoBHeA Cpeaaero nonsr HM88TCSI H8CKOnbKO COCTO 

K II' • /4/ 
B paccMQ.TpHM o6mHA cny"'aA, xoraa Y'IHTbiBSK 

COCTOSIJIHA pl,pii'"'Pn 
, 

c llSHBbiMH K • Cny11aA y'l~ 

SIHHA P1 H p 2 noapo6ao Hay'leB B 
/5/ 

BaaHMoaeAcTBHe KBa3H"'aCTHu c !f>oBoBaMH npHBOllHT K 

MeceA B OllHOKB83H"'8CTH"'HbiX COCTOHHHSIX0 K KOnneKTHBHbiM 

COCTOSIJIHHM 0 K B03HHKOB8HHIO COCTOSIHHA CnO*HOA CTpyKTypbi, 

8TCH B cneKTpOCKOfiH"'eCKHX !f>aKTOpax, napaMeTpaX p83BSI3~ 

Ponb BaaHMolleAcTBHH KB83H"'aCTHU c !f>oaoaaMH B Be"'~TRbiX ~ 

I 6-81 
RbiX Hapax aeTanbHO Hay"'eHa B 
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HMe!OTCSI llBe OCHOBHbie IIpH"'HHbl 0 ripHBOilSIIUH9 K IIOSIB-

K KB83H"18CTH"'HbiM H <fJOHOHHbiM COCTOSIHHH!.<1 0 3TO CBH3b 

Bp8IU9HH9M Hllpa K8K uenoro H B38HMOil9ftCTBHH 

HccneayeM anHHHHe aaaaMoaeAcTBHSI KBa3H"18CTHU 

KB83H"'8CTH"'HbiX H OllHO<fJOHOHHbiX COCTOHHHft B 

B38HMOil9ftCTBHSI KB83H"'8CTHU C <fJOHOH8MH cne-

H8nH"'He KB83H"'8CTHU ripHBOilHT K HeKOTOpOMy H3-

STH H3MeHeHHH 0 K8K IIp8BHno, HeBenHXH, H Mbi 

IIpHBOilHT B38HMOileltCTBH9 KB83H"'8CTHU C <fJOHOH8MH 
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llnH KalKJloro aHa'l:eHHH K" H p 
HMeeTcH caoe ypaaa:ea:ae THna (9), 

pemea:HH ero 'I 1 • '17 2 • • • • HBnHlOTCH SHeprHHMH COCTOHHHA. KaK H389CTH0
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B CX9Me YPOBHeA cpeaa:ero IIOnH HMeeTCH HeCKOnbKO COCTOHHHA C llBHHhiM 

K" . 141 
B paccMoTpHM o6mHA cny'l:aA, xorha Y'IHT&IBalOTCH aecxonbxo 

COCTOHHBft P 1 •P 2 •···P,. 
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c ll&HH&IMH K • Cny'laA Y'I~Ta asyx co.cTo-

HHHft p
1 

. H p 2 noapo6Ho uay'l:eH a 
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BaaaMoaeftcTBHe ~BaaH'I:acTHU c ¢oa:oa:aMH npasoaHT x noganeHHlO npa-

Meceft B OllHOKB83H'I8CTH"'HbiX COCTOHHHHX, K KonneKTHBHbiM HepoT&UHOHHbiM 

COCTOHHHHM 0 K B03HHKOBeHHlO COCTOHHHA CnO>t<HOA: CTpyKTyp&Io 0Ho DpOHBnH-

eTcH B cnexTpocxonH'I:ecxax cJ>axTopax, napaMeTpax paassa&rBaHHH H T.a. 

Ponb aaaaMoneftcTBHSI KB83H"'acTHU c ¢oHOH8MH B He'I~TH&IX A ae¢opMHpoaaa

/ 6-8/ HbiX Sillpax neTanbHO Hayqea:a B 
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nonb3YSICb ypaBHeHHeM THI18 ( 9) 1 Y'IHTbiB8lOIIIHM JlB8 0JlHOKB83H'I8CTH'I

HblX COCTOSIHHSI p l H p 2 , Mbl OJlHOBpeMeHHO paCC'IHT&nH npHMeCH OJlHOrO 

COCTOSIHHSI K JlpyroMy H3-38 B38HMOJleftCTBHSI qepea !j>OHOHble TipoaeJleHH&Ie 

HCCneJlOB8HHSI 110K838nH, 'ITO B 110JlSBnsiiOIIIeM 6onbiiiHHCTBe cnyqaea CMeiiiHBa-

HHe JlBYX COCTOSIHHA C Jl8HHhlMH K" JlOCT8TO'IHO MBno. 3H8'1HTen&HOe 

CMeUIHB8HHe JlBYX 0JlHOKB83H'I8CTH'IHbiX KOMI10HeHT HMeeT MeCTO B JlBYX 

cnyqagx, KOrJla OJlHO H1IH o6a f (p 1 ) H f( p 
2

) 6on&Uie nepaoro noniOCa 

ypaBHeHHSI THI18 (9) H KOrJla JlBa ypOBHSI cpe}lHero nonH C 0JlHH8KOBhlMH K" 

BeC&Ma 6nH3KH Jlpyr K Jlpyry, 'ITO HMeeT MeCT0 1 H811pHMep1 npH KB83Hnepece

qeHHH OJlHO'ISCTH'IHbiX COCTOSIHHA H3 paanH'IHbiX rnaBHbiX OCUHnnHTOpHbiX o6ono-

qex. 

34>!jleKT CMeUIHB8HHSI p 1 H p ll B cpaBHHTenbHO BbiCOKOB036ylKJleHHbiX 

2 2 COCTOSIHHSIX npOJleMOHCTpHpOBSH B Ta6nuue 1, r}le C J ( p
1 

) H CJ (p 
2 

) 

onpeJle1ISIIOT BK1I8Jl KOMI10HeHT p 
1 

H p 
2 B COCTOSIHHe C JlSHHhlM '7 J 

11a Ta6nHu&x BHJlHO, 'ITO a 6on&UIHHcTae cnyqaea CMeUiuaaHHe Heaenuxo. Te 

COCTOSIHHSI1 KOTOphle COJleplKST 38MeTHbiA BK1I8Jl 060HX KOMI10HeHT p 
1 

H p 
2

, 

MoryT 6&ITb HaAJleH&I sxcnepuMeHTan&Ho. B cny'lae, xorJla p - HBnHeTcs 
- I 

JlblpO'IHbiM1 a p2 - 'ISCTH'IHbiM COCTOSIHHSIMH 1 yJlaneHHbiMH OT noaepXHO-

CTH <l>epMH 1 STOT ypoaeHb 6yJleT B036YlKJl8TbCSI OJlHOBpeMeHHO B ( d p ) 
I 

H ( d t ) peSKUHSIX1 T.e. ( d p ) 6y}leT HTTH qepes p 
2 

, a 

/9 10/ p I • 11MeiOTCSI nepBbie CBe}leHHSI 0 TSKHX COCTOSIHHSIX 1 • 

(dt)- qepes 

CneJlyeT OTMeTHTb1 'ITO pesynbT8Tbi1 npHBe}leHHhle B Ta6nuue 1 H 2
1 

Bbi'IHCneHbl C 0JlH0'18CTH'IHbiMH SHeprHSIMH H B01IHOB&IMH !jlyHKUHSIMH 110TeH-

/ 11-12/ I 13 14/ 
uuana CaxcoHa-ByJlca , npu'I~M !jloHOH&I pacc'IHTaH&I a ' • .UnH 

0603HS'IeHHSI OJlHO'ISCTH'IHhlX COCTOSIHHA HCI101Ib3Y~TCSI aCHMOTOTH'IeCKHe 

KBSHTOB&Ie 'IRena noTeHuuana HHn&ccoHa N 11• A l: j .90CTOSIHHe 0603H8'1SeTCSI 

'lepes N11-;. A~ ecnu K. A+ l: H N 11 • A I ecnu K-A-l:. 
8 

• • I 

.,i 

I f 

Kax H3B9CTH01 JlOnlKHbl CM911IHBaT&CSI COCTOSIHHSI C O.QH 

c rnaBHhlMH KBaHTOBhlMH 'IHcnaMH N H 
Ill/ N ±,2. B nox 

qae OJlHO'ISCTH'IH&IX COCTOSIHHA fiOTeHUHana Caxcoaa-ByJlca • 

HMeeT MeCTO a6nH3H KBa3HnepeceqeHHSI ypoBHeA, HO B BeCJ 

/15,171 
sane 3HaqeHHA .ae!jlopMauuA. B nony'leHhl sxcnepHMe. 

CBHJleTen&CTBY~UIHe 0 CM9CH COCTOSIHHA C N H N ±,2. 

Jleaue sToro sc~NjlexTa B03MOlKHo a TOM cnyqae, KOrJla o6nac1 

MeTpa Jle!jlopMSUHH He CnHIIIKOM Y3Ka, T.e. 'IT06&I B STy o15nac 

aecHaH Jle!jlopMauusr He'I~THoro sr.apa. BsauMOJleAcTaue xaasuq 

npHBOJlHT K yaenH'IeHBIO HHTepaana Jl9!jlopM8UHH
1 

r.ae CM9WHBB 

HHA HMeeT MeCTO. 3TOT s4>4>eKT npo}leMOHCTpBpOBaH B TS( 

lSI Dy npHBeJleHo CMeWBBSHHe COCTOSIHHA 402 + H 651 • 
Il 

fJ 0,30 u 0,33, xaasunepece'leHue STHX ypoaHeA ocyx 

fJ - 0,32. 

3. fuaHMOJleACTBHSI KB83H'I8CTBU C !jloHOHSMH npHBOJlSIT ' 

IIIHM npHMeCSIM B OCHOBHhlX H HH3KOnelKSUIHX COCTOSIHBSIX He• 

poBSHHhlX SIJlep, npH'I~M COCTOSIHBSI C 60nbWHMB 3H8'1eHHSIMJ 

6onee 'IHCThlMH. C poCTOM SHeprHB B036YlKJl9HBSI yaenH'IHBSeTC 
\; 

BsaHMoJleAcTausr KB83H'IaCTBu c 4>oHoHaMH npHBOJlHT K TOMy, 

H&Ie COCTOSIHHSI 110TeHUHana HHnbCCOHa BnB CaKCOHa-ByJlC8 

no PHllY aepoTauuoHHhlX ypoaHeA c JlBHH&IMH 3Ha'leHHHMH I 

C yBenH'I9HHeM SHeprHH B035YlKJl9HHSI1 KSK npaauno, 

0JlHOKBa3H'I8CTH'IHOA KOMfiOH9HThl npOBCXOJlHT no BCe 6on&llle 

HeA. B Ta6nuue n npuaeJleHhl npHMep&x Taxoro pacnpene 
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ypassesHeM THna (9), y'IHTbiBaJOWHM asa oasoxsa3H'IaCTH'I

H p 
2 

, Mbl OJlHOBpeMeHHO paCC'IHT8liH npHMeCH OJlHOrO 

OMY H3-38 B38HMOJleftCTBHSI qepea <f>OHOHblo flposeaeHHbie 

38liH, 'ITO B fiOJlSBliSIJOWeM 60llbWHHCTBe Clly'ISeB CMeWHBa-

HA c Jl8HHb!MH K" Jl0CT8TO'IHO M8ll0o 3H8'1HTellbHOe 

OJlHOKB83H'I8CTH'IHbiX KOMfiOHeHT HMeeT MeCTO B JlBYX 

OJlHO HliH o6a f (p 1 ) H f ( P 2 ) 6onbwe nepsoro nonJOCa 

H xoraa asa ypoBHSI cpeaHero nonS! c OJlHHaKOBhlMH K" 

r x apyry, 'ITO HMeeT MecTo, sanpHMep, npH xsaaHnepece

hiX COCTOSIHHA H3 p83liH'IHbiX rnaBHbiX OCUHllliSITOpHbiX 060110-

IWHBSHHSI p 1 H p 2 B cpasHHTellbHO BbiCOKOB036y:lKlleHHbiX 

2 2 
MOHCTpHpOBaH B Ta6liHUe 1, rae C J ( p

1 
) H CJ (p 

2 
) 

KOMfiOHeHT p 1 H p 2 B COCTOSIHHe C llSHHbiM f1 J 

'ITO B 6onbillHHCTBe cny11aes cMemHsaHue Hesenuxo. Te 

,Je COJlep:lKaT 38MeTHbiA BKli8Jl 060HX KOMfiOHeHT p 1 H p 
2 

t 

eHbi sxcnepHMeHTanbHo. B cny11ae, xoraa p - HBnBeTcB 
I 

ll 
- '18CTH'IHb!M COCTOSIHHSIMH, yaaneHHbiMH OT nosepXHO-

yposeHb 6yJleT B036Y:lKJl8TbCSI OllHOBpeMeHHO B ~d p ) 

T.e. (d p ) 6yaeT HTTH qepea p2 ' a (dt)- qepea 

/9 10/ 
CBeJleHHSI 0 TSKHX COCTOSIHHSIX ' o 

eTHTb, 'ITO peaynbTaTbi, npuseaeHHhie s Ta6nuue 1 H 2, 

'ISCTH'IHblMH SHeprHSIMH H BOliHOBbiMH <f>yHKUHSIMH noTeH-

/11-12/ /13 14/ 
YJlCa • npH'I~M <f>oHOHbl p8CC'IHT8Hbl B • • nnSI 

'ISCTH'IHbiX COCTOSIHHft HCnOllb3YIDTCSI aCHMnTOTH'IeCKHe 

noTeHuRana HunbccoHa N D,. A l: j 

ecnH K - A + 1: H N a ,. A I 
8 

• 

90CTOSIHHe 0603H8'18eTCSI 

ecnu IC·A-1:. 

\, 

KaK H3BeCTH01 llOll:lKHhl CMeillHBaTbCSI COCTOSIHHSI C 0JlHH8KOBhlMH K H 

1111 
c rnaBHhlMH K¥BTOBhlMH 'IHCnaMH N H N ±.2. B noxaaaJio, 'ITO B cny-

qae OJlH0'18CTH'IJibiX COCTOSIHHI noTeHUHana CaKCOJia-Byaca T8KOe CMeillHBaHHe 

HMeeT MeCTO B6liH3H KBa3HnepeCe'leHHSI ypoBHel, HO B BeCbMa y3KOM HHTep

/15 17/ 
sane aHa'leHHI ae<f>opMauua. B • nony'leHhl sxcnepHMeHTanbHhle aaHHble, 

CBHJleTellbCTBYIDI!lHe 0 CMeCH COCTOSIHHI C N H N ±.2. ~cso, 'ITO sa6n10-

aesue SToro scjJcpexTa soaMomso B TOM cny11ae, xoraa o6nacTb asa11e1IHI napa

MeTpa ae<f>opM8UHH He CliHWKOM yaxa, T.e. 'IT06bi B STy o6naCTb nonana paBHO

BeCH8SI ae<f>opMauusr set~~THoro srapa. BaauMoaelcTBHe xsaaRt~acTHU c <t>ososaMH 

npHBOJlHT K yBeliH'IeHHIO HHTepB8ll8 ae<f>opM8UHH, rae CMeWHB8HHe JlBYX COCTOSI

HHI HMeeT MeCTO. 3TOT s4>4>eKT npoaeMOHCTpHpOBBH B T86liHUe 1, rae llliSI 

lSII Dy npHBeJleHO CMeWHB8HHe COCTOSIHHI 402 • H 651 • npH lle~opMaUHSIX 

~ • 0,30 H O,SS, xsaaunepece'lesue sTHX yposseA ocywecTsnseTCs npu 

~ - 0,32. 

8. BaaHMOJleiCTBHSI KB83H'I8CTHU C <f>oHOH8MH npHBOJlSIT TOllbKO K He60llb-

WHM npHMeCSIM B OCHOBHb!X H HH3KOlle:lKSIIlHX COCTOSIHHSIX Jle'I~THbiX ae<f>opMH-

pOB8HHbiX SIJlep, npH'I~M COCTOSIHHSI C 60llbillHMH 3H8'1eHHSIMH K SIBliSIIDTCSI 

6onee 'IHCTbiMHo C pOCTOM SHeprHH B036y:lKJleH~SI yseliH'IHsaeTCSI pOllb npHMecel. 

BaaHMoaelcTBHsr xsaaHt~acTHU c <f>oHoHaMH npHBOJlSIT x TOMy, 'ITO OllHO'IBCTH'I-

Hb!e COCTOSIHHSI ROTeHUH8ll8 HHllbCCOH8 HliH CaKCOHa-Byaca pacnpeaeliSIIDTCSI 

no PSIIlY HepOT8UHOHHbiX ypoBHel C ll8HHbiMH 3H8'1eHHSIMH ICw • 

C ysenu'leHHeM sHepruu soa6ymaeHusr, xax npaBHno. pacnpeaeneHHe 

0JlHOKB83H'I8CTH'IHOI KOMnOHeHTbl npOHCXOJlHT no BCe 60llbiileMy 'IHClly ypoB-

sea. B Ta6nuue D npuseaeHhi npHMepbi Taxoro pacnpeaeneHHsr. 
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11ccneaoaaHHSI cTpyxTypbi He'I~THbiX ae4JopMHpoaaHHbiX HJlep, npoaeaeH

/10 17-19/ 
Hbie B • nyTeM uay'leHHH . ( d p) u ( d t) peaxuHil:, noxaaanu, 'ITO Ha 

onb!Te HBii:JleHO KOnH'IeCTBO HepOTBUHOHHblX COCTOSIHHil: C onpeaeneHHb!M K" , . 
MHOrO OOnbUiee no CpaBHeHHIO C KOnH'IeCTBOM TBKHX COCTOSIHHti, Jl8B8eMblX 

cxeMOil: HHnbCCOHB, XOTSI CyMMBpHaSI HHTeHCHBHOCTb HX B030Y~JleHHSI corna-

cyeTCH c oueHKBMH, nony'leHHbiMH c aonHOBbiMH 4JyHKUHSIMH noTeHuHana HHnbc-

COHBo 3TH 8KCnepHMeHTbl nOJlTBep~JlBIOT Bb!BOJlbl MOJlenH 0 pacnpeaeneHHH 

0JlHOKBB3H'IBCTH'IHblX KOMnOHeHT no MHOrHM HepOTBUHOHHblM ypoBH51Mo 

Ewe B 3HB'IHTenbHO oon&Uiell: CTeiieHH JlOn~Hbl Ob!Tb pacnpeaeneHbl Tpex-

KBB3H'I8CTH'IHble KOMnOHeHTbl no MHOrHM ypOBHSIMo 113 TpexKBB3H'I8CTH'IHblX 

COCTOSIHHti 'IHCTb!MH SIBnSIIOTCSI COCTOSIHHSI C HBHOOnbUIHMH K, OTHOCH-

TenbHO 6onee 'IHCTb!MH Te, H3 Y.OTOpbiX Henb3SI COCTBBHTb KOMOHHBUHIO KB83H'IBCTH-

ua rrniOC 4JoHoH c A = 2 HnH A = 3. 

PacnpeaeneHHe OTaenbHbiX Tp9XKBa3H'IBCTH'IHblX KOMnOHeHT no H9CKOnb-

KHM ypOBHSIM MO~HO OOHapy~Tb no 
/20/ 

au 6eTa-pacnaay. HanpHMep, a 

HatiaeHbl Ob!CTpb19 6eTa-rrepeXOJlbl H3 COCTOSIHHSI P411t liS Tb HB pHJl ypoa-

Heti 
163 

Dy , KOTOpb!e MO~HO OO'bSICHHTb KBK nepexoabl HB TpeXKBB3H'IBCTH'I-

HYIO xoH4JHrypauHIO n 523 + , PS23 .f. , P411 .f. , T.e. au 6eTa-pacnaa HJleT 

Me~y COCTOSIHHSIMH D 523f , p 523 f. • Cneay,T OTMeTHTh1 'ITO COCT051HH51 

PP 523 4- -4tH BXOaHT B COCTaB 4JoHOH8 A == S, .\ • 2. 

fipH aHeprHHX aoaoy~eHHH 2•3 H 6onee Maa npouecc pacnpeaeneHHH 

OJlHO- H TpexKBB3H'I8CTH'IHbiX KOMnOHeHT no HepoTaUHOHHbiM ypOBHSIM B Be-

'I~THbiX SIJlpBX aon~eH Cy!UeCTBeHHO ycHnHTbCSI no CpaBHeHHIO C oonee HH3-

KHMH aHeprHHMH B036y~eHHSio CaeaeHHSI 0 CTpyKType TBKHX COCTOSIHHA B 

Jle4JopMHpOB8HHblX H ccjlepH'IeCKHX S1Jlp8X SIBnHIOTCSI BeC&Ma CKyJlHbiMHo VfHTe-

10 

I ·~ ' 

' ,::,.I 
f.l 

.J 

~:*' .. 
.fJ 

'·lmi 
:~Jn· ,. 

~.'· 
,;~ 

'" , .. 

peCHbl9 KB'IeCTB9HHbl9 peaynbTBTblt IIOaTBep~JlBIOIUHe 8TO pac. 

/21/ 
'19Hbl B t rae H3y'leH cneKTp 3ana3abiB8IOII(HX IlpOTOH( 

rrocne fJ + pacrraaa 
111 

Te Ha ypoaaa 
111 Sb • Cno~Hblil: 

HOrO cneKTpa MO~HO nOHSITb, ecnH npeanonO~HTb, 'ITO OJlHO-

TH'IHb!e KOMnOHeHTbl pacnpeaeneHbl IIO MHOrHM YPOBHSIM Ul 

4. PaCCMOTpHM npHMeCH JlByX4JOHOHHblX COCTOSIHHti K 

oaHo4JoHOHHb!M COCTOSIHHSIM B 'I~THO-'I~THbiX JlecpopMHpOBBHI 

IS/ 
JlYSI 1 BOnHOByiO 4JyHKUHIO, onHCbiB8IOII(YIO COCTOSIHHe C a~ 

It 
K ( cooTBeTCTBYIOII(HM .>. 

0 
, ll 

0 
, i 

0 ), 38nHIUeM B BHJ 

"t (K")•Ct (Aollo)IQt <.>.ol'o>+ I. 
o o o .>.p.t 

A Atd +· 
.>.'~t'i'(Aol' o1o>Ot (Ap) 

A' p' i ' 

C ycnOBHeM HOpMHpOBKH 

41 

2 
c1 (.>. 0 " 0 )! 1 + 2 I. 

o A~tt 

Atti 2 
( ~ (.>. 0 II 0 l 0) ) I - 1 . 

.>.'"'i' r-

A'tt'i' 

HattaeM cpeaHee aHa'leHae H no W(K") H H3 ~ 

MyMa aHeprHH HaAaeM C l 
0 

(A o ll o ) .\l'i 
AAp'i' (Ao ttol H 

ypaBHeHHe, onpeaenHIOII(ee aaeprHH B030Y~JleHHblX COCTOSIHI 

B cneayiOmeM aaae: 

At.d 

Ao ll o 1 [U.\'tt'l' (Aollo 1 o) l "' _,, -- I 
i o I 2 Attl All A' , 

.>.,"', i , 
Q,)l + Q,) 1 ,ll -'J 

rae 
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CTpyKTypbl H9'1~THbiX ne<flopMHpOB8HHblX Sl.Qep1 npoBe.QeH-

H3y'leHHSl. (dp) H (dt) peaKUHA, nOK8381IH 1 qTo Ha 

HepOTBUHOHHblX COCTOSIHHA C onpe.QeneHHbiM K" '. 
cpaBH9HHIO C K01IH'I9CTBOM TBKHX COCTOSIHHR1 .Q8B89MblX 

XOTSI CYMM8pH8SI HHT9HCHBHOCTb HX B030Y*li9HHSI corna-

nonyqeHHbiMH c B01IHOBbiMH <f!yHKUHHMH noTeHUHana HHnbc-

M9HTbl no.QTB9P*li8IOT BbiBO.Qbl MO.Q91IH 0 pacnpe.Q9119HHH 

KOMnOH9HT no MHOrHM HepOTBUHOHHblM ypoBHSIMo 

6onbrueA cTeneHH non*Hhi OhiTb pacnpeneneHbi Tpex-

no MHorHM ypoBHSIM. Ha TpexKBa3H'ISCTH'IHbiX 

SIB1ISIIOTCSI COCTOSIHHSI C H8H001IbWHMH K , OTHOCH-

Te, H3 KOTOpblX H91Ib3Sl COCTBBHTb KOMOHHSUHIO KB83HqaCTH-

,\ = 3. 

e OT.Q91IbHbiX Tp9XKB83H'I8CTH'IHblX KOMnOH9HT no H9CK01Ib-

OOHBPY*HTb no au 6eTa-pacnany. 
/20/ 

HanpHMep, B 

6eTa-nepeXO.Qbl H3 COCTOSIHHSI P4Ut US Tb Ha pSin ypoe-

ble MO*HO OO'bSICHHTb KBK nepeXO.Qbl Ha Tp9XKB83HqacTHq-

ll 523 + , PS23. , P411 .t. , T.e. au 6eTa-pacna.Q H.QeT 

11523+ , PS23 •• CnenyeT OTM9THTb 0 qTo COCTO~HHSI 

<Poaoaa ,\ = s. .\ = 2. 

H 5o nee M se npouecc pacnpeneneHHSJ 

KOMnOH9HT no HepOTBUHOHHhlM ypOBHRM B He-

cymeCTB9HHO YCH1IHTbCSI no Cp8BH9HHIO C 001199 HR3-

0Y*!I9HHSie Cee.Q9HHSI 0 CTpyKType TBKHX COCTOSIHRA B 

c<flepRqecKHX SI.Qpax SIB1ISIIOTCR secbMa CKY.QHbiMH. HaTe-

10 

.. 

.~ 
:::;:;.'1 

l 

,:.~ 

~ .. ,' ¥· . 

peCHbie K8'19CTB9HHbl9 pe3y1IbT8Tbi0 DOllTBep*llBIOillHe STO pacnpe.Q9119HH9
0 

nony

/21/ 
qeHbl B 

' rlle H3Y'I9H cneKTp 3ana3llblB8IOillHX ITpOTOHOB
0 

o6pa3yiOillHXCSI 

nocne 13+ 
pacnalla 

111 
Te Ha ypoeHH 

111 Sb. Cno*HhlR xapaKTep npoToH-

HOrO CD9KTpa MO*HO DOHSITb1 9C1IH npe.Qn0110*HTb0 'ITO O.QHO- H Tp9XKB83Hqac-

TH'IHbl9 KOMnOH9HTbl pacnpe.QeneHbl no MHOrHM ypOBHSIM Ul Sb • 

4. PaCCMOTpHM npHM9CH liBYX<fJOHOHHbiX COCTOSIHHR K HSH0011ee HH3KHM 

OllH04JoHOHHbiM COCTOSIHHSIM B q~THO-q~THbiX ne<flopMHpOBBHHbiX SI.Qpax. Cne-

/3/ 
liYSI o B01IHOBYIO <flYHK11HI01 ODHCbiBBIOillYIO COCTOSIHHe C llSHHbiM 3H8'19HH9M 

It 
K ( COOTB9TCTBYIOillHM ,\ O r P. O , i O ), 3SnHIII9M B BH.Qe: 

rr + .\1.&1 + + (12) 
Vi 0 (K )• Ci (>.ol'o}!Qi (..\opo}+ l:. A,, 'i'(AoP.o1o)Qi (.\p.}Qi,(..\'~t'>l•o 

0 0 All 1 A " 

A'll'i' 

C YC110BH9M HOpMHpOBKH 

2 
ci (Ao,.,. o >I 1 + 2 l:. 

o .\p.t 

Ap.i 
2 

( .:\ (A 
0 

,. 
0 

i 
0

) ) I - 1 . 
>.'~t'i, 

( 13) 

... 
A'tt'i' 

HaRneM cpellHee aaaqeaHe H no V(K") H H3 YC1IOBHSI MHHH-

MyMa SHeprHH HSRlleM C io (A
0 

I' o} .\~ti 
AA#t'i' (..\ 0 p. 0 i 0 ). CeKynHpaoe H 

ypaBH9HH9 1 onp9ll91ISIIOillee SHeprHH B030Y*ll9HHbiX COCTOSIHHR 'J , nonyqHM 

B C119llYIOill9M BHlle: 

A0 ll o _,, 
(Ll i f 

0 

,\p.i 2 
[ UA, , i , (A o ll o i o ) ] 

--.:.."---------·, Ap. . .\' , 
t/.)i +tl.li'" _,, 

( 14) 1 ··-2 
l: 

Ap.i 

A'u'i' 

rlle 

~ II 



A~&l l 
11.,_,.,(>.oi'D lo)•- :t • , ,..,. 2 , •• 

••• I 

AI' 
f ••'· 

.JY 1 (A~&) 

( .. Aol'o l o 
q I 'I 

>.',.'1'· 
.. , +: 

.I • 

A'l'' 
·J..Aol' ol o ..~.>-'1''1' ) . f ••' ( >-o~&olo.L A,. I Aol'olo >.,.t< 1)6) 

+'I" ., I + , "' 'P' I +. • I +· •a • • I • I '~I q •a• •a• •a• 
vY (A'~&') 

fAO I' 0 

+: ••' ( A~&l A'~&1' A I 
. "' I • I +", " I "').'"''' .I. 

.llanee 

y y I o ( A I' ) •a q •a• q I • 
0 0 

. 1 :t c -I ( ).0 " 0 ) - 1 + 2 A,. I 'o 

).'"1' 

>.1' I A l ) • 1 
AA'I''I'( o l'o o 2 

A"l I 
[11).'1''1'·(Ao l'o I oH 

A ).'"' I 
( 61 " +'61 - ,. ) I I' ._ J 

)."1 
\·,.'1'( A ol' o 1 o> 

A ).' I 

61 /1. +· II ,II -• 'J · I I · 

)). 

( 16) 

( 17) 

/3,22/ 
C fiOMOIIlbiO cpopMyn ( 14) H ( J6) S paCC'IHT8Hbl casHrH H8H6onee 

HH3KHX SH6p&llHOHHbiX COCTOSJHHA H BKnaabi oaHOcpoHOHHbiX KOMfiOHeHTo Pac'leTbl 

nposeaeHbl CO CXeMoA oaHO'ISCTH'IHbiX yposHeA H sonHOSbiMH tPYHKilHSJMH noTeH

/23/ 
llHSna HHnbCCOHa, napaMeTpbi KOTOpbiX aaHbl S o npH pacqeTaX H30TOnOS 

\ 
HeoaHMa, C8M8pHS10 aHcnp03HSJ, ap6HSJ 0 TOpHSI H ypaHa Y'IHTbiBanHCb cneay10-

IIlHe asyxtf>OHOHHbi9 npHM9CH ().I' I), ().'1&'1 '): anSI oaHOcpoHOHHbiX COCTOSJHHft 

K
17 

• 0+- (201),(201): (221),(221): (301),(801): (811)(811) H (821) 

" + ( 321): anst oaaocpoHOHHbiX COCTOSJHHft K • 2 - ( 221), ( 20 1): ( 821) ( 80 1) H 

( 311) ( 811) • npH Sbi'IHCneHHH nepSbiX 
, + 

K = 2 COCTOSJHHft S H30TOnax BOnb-

!ppaMa H OCbMHSJ Y'IHTbiSanHCb TOnbKO npHMeCH ( 221) ( 20 1) • 'LfaCTb pe3ynb-

Taros pacqeTos npHseaeHa s Ta6nHue m. 

12 

• I . ~J 

M3 Ta6nHubl sHaHo, 'ITo ana CHnbHoaetf>opMHpoBaHHb 

asyx!poHOHHbiX ' 
KOMnOHeHT K '<>aHOcpoHOHHbiM COCTOSIHHSJ~ 

HcKniO'IeHHe COCTasnSJIOT TSKHe cny'laH, KaK COCTOHHHe K 

rae aaeprHH oaHOcpoHOHHOrO COCTOHHHH ( 201) 6nH3K8 K asyx• 

cy ( 221) ( 221). 

Pac'leTbi noKa3anH, 'ITO HaH6onee HH3KHe asyxtf>oHoHHbie 

Hoaetf>opMHpOBSHHbiX HJI.ep HSnHIOTCH S9CbM8 'IHCTbiMHo noaTO 

menneHHH asyXcpoHOHHbiX MynbTHnneTOS S HHX aomKHa 6b!Tb 

clf>epH'I9CKHX stapax. npeaCT8BnH9T H9COMH9HHbiA HHTepec ax• 

o6HapyJKeHHe aTHX COCTOHHHA. HanpHMep, aByXcpoHOHHbie COC'I 

( 221) ( 221) B H30TOnax aHcnp03HH H ap6HH aonJKHbl HM9Tb aJ 

sane ( 1,5 of 2,0) Mas. 

M3 Ta6nHUbi 8 BHaao, 'ITO anH Haep nepexoaaoA o6nacTJ 

KHe a4>tf>eKTbl HecxonbKo yaenH'IHBSIOTCSJ. HanpHMep, s Ull Sm 

aBYXtPOHOHHbiX COCTOHHHA K raMM8-SH6pauHOHHbiM B9CbM8 

npHM9CH K 6eTa-SH6paUHOHHbiM COCTOSIHHSJM BenHKH
0 

npH'IeM 

151 152 
p8CT8IOT OT Dy K Sm H, OC06eHH0 0 K ISO Nd • 3T< 

CTSHHe npHMeceA, nO-BHaHMOMy t CSSJ38HO C pe3KHM H3MeHe 

UHH npH nepexoae oT'• N = 90 x N • 88. 

B o6naCTH H30Tonoa Bonbtf>paMa H OCbMHH aa6niOaaeTca c 

Hao npHMeCH aayxtf>oHOHHbiX KOMnOH9HT K oaHOcpoHOHHbiM K 

HHHM B9CbMa Manbie npHMeCH asyxtf>OHOHHbiX KOMnOH9HT K no 

HOHHbiM K " = 2 + COCTOSIHHSIM SIBnSJIOTCSJ HeCKOnbKO 6onb1Il 

nH'IHSaiOTCSJ npH nepexoae OT H30Tonos sonbtf>paMa x H30Ton8 

pacTyT B aTHX H30TOnax C ysenH'IeHHeM 'IHCna HeftTpOHOSo 
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( 17) 

/3,22/ 
<jlopMyn ( 14) H ( 16) B paCC'IHT8Hbl CllBHI'H HaH6onee 

HbiX COCTOHHHft H BKn81lbl OllHOciJOHOHHbiX KOMDOH9HT. Pac'lfJTbl 

MOA OllH0'18CTH'IHbiX ypOBHeft H BOnHOBbiMH ciJyHKUHHMH DOTeH

/23/ 
napaMeTpbl KOTOpbiX Jl8Hbl B • npH pacq~TaX H30(TODOB 

, JlHcnposHs, ap6Hs, TOPHH H ypaaa y'IHTbiBanHCb cneJlyJO-

e DpHM9CH (>.p.i), (A'fl'i'): JlnH OJlHO<jloHOHHbiX COCTOHHHA 

1),(201); (221),(221); (301),(801); (811)(811) H (821) 

" + HOHHbiX COCTOHHHA JC = 2 - (221),(201); (821)(801) H 

Bbl'IHCneHHH nepBbiX 
, + 

JC = 2 COCTOHHHft B H30TOD8X BOnb-

Y'IHTbiBanHCb TOnbKO npHM9CH ( 221) ( 201) • q8CTb pesynb-

DpHB9Jl9H8 B Ta6nHUe m • 

12 

• 
~~·f ... 

l13 Ta6nHUbl BHJlHO, 'ITO JlnH CHnbHOJlec1JopMHpOB8HHbiX HJlep DpHM9CH 

llBYXciJOHOHHbiX KOMDOH9HT K 'OJlHO<jloHOHHbiM COCTOHHHSIM B9CbM8 Manblo 

, + 188 l1cKniO'I9HHe COCTaanHIOT T8KHe cny'laH, K8K COCTOSIHHe K = 0 B Er 
1 

rile SHeprHH OllHOciJoHOHHOI'O COCTOHHHH (201) 6nH3K8 K llBYXciJOHOHHOMy DOniO-

cy ( 221) ( 221). 

Pac'I~Tbl DOK83anH 1 'ITO H8H6onee HH3KHe llByxciJoHOHHbie COCTOHHHH CHnb-

HOilec1JopMHpOB8HHbiX H/l.ep HBnHIOTCSI B9CbM8 'IHCTbiMHo noaTOMy SHeprHH pac-

menneHHH llByX<jloHOHHbiX MynbTHDneTOB B HHX JlOn:lKHa 6biTb M9Hbiiie
1 

'19M B 

cc1JepH'I9CKHX HJlpax. npeJlCT8BnH9T H9COMH9HHbiA HHTepec SKCnepHM9HT8nbHOe 

" + 06HapyJKeHHe STHX COCTOHHHfto HanpHMep, llBYX<!JoHOHHbl9 COCTOHHHH C JC =4 

( 221) ( 221) B H30TODaX JlHCDp03HH H ap6HSI JlOnJKHbl HM9Tb SHepi'HIO B HHTep

Bane ( 1,5 of 2,0) Mas. 

lis Ta6nHUbl 8 BHilHO, 'ITO JlnH Hllep nepeXOilHOA o6naCTH aHrapMOHH'IeC-

KHe a~eKTbi aecxonbKO yaenH'IHBSIOTCH. HanpHMep, a 152 Sm H 
150 

Nd npHMecH 

JlByX<jloHOHHbiX COCTOHHHA It I'8MM8-BH6paUHOHHbiM B9CbM8 M8Jlblo 0JlH8KO 

DpHM9CH K 6eTa-BH6paUHOHHbiM COCTOHHHHM BenHKH 1 DpH'I~M OHH pe3KO B03-

paCT8IOT OT lSI Dy K 
152Sm H 1 OC06eHH01 K 

150 
Nd • 3To pesxoe aospa-

CT8HHe DpHMeceA, DO-BHJlHMOMY 1 CBSI38HO C p93KHM H3M9H9HH9M Jle<jlopMa

UHH npH nepexoJle oT N = 90 x N • 88. · 

B o6naCTH H30TODOB BOnbciJpaMa H OCbMHH Ha6niOil89TCSI o6paTH8H KapTH-

Ha. npHM9CH llBYXciJOHOHHbiX KOMDOH9HT K OJlfiO<jloHOHHbiM JC fl • 0 +. COCTOSI-

HHHM B9CbMa M8Jlblo npHM9CH JlByxciJoHOHHbiX KOMDOHeHT K nepBbiM OJlHOcPo-

fl + 
JC = 2 COCTOS'IHHHM SIBnSIIOTCSI HeCKOnbKO 6onbiiiHMH

1 
OHH yae-HOHHbiM 

nH'IHBaiOTCH DpH nep9XOil9 OT H30TODOB BOnbciJpaMa K H30TOD8M OCbMHS1
1 

OHH 

paCTyT B STHX H30TODaX C yBenH'I9HHeM 'IHCna HeATpOHOBo BenH'IHHa npH-

• 
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Mecel T&Kllte yaenB'IBBaeTCsr c yMea&meHBeM llecjlopMauaa. To ecT& a aaoTO-

nax aon&ellpaMa a oc&MBSI aarapMORH'IROCT& raMMa-Kone6aaal yaenH'IRBaeTCa 

no Mepe npa6na:~~teaas K rpaaaue o6nacTa aec~pH'IecKHX Hllep. OllRaKo aarap-

MORH'IHOCTb H9Ben&K8 B ee MOlKRO- Y'IBThiB8Tb no T90pHH B03MYDI9HHI, 11HTepec-

RO COROCT8BBTb STOT peayn&T8T C nnaBHhiM yMeH&DieHBeM p8BHOB8CHhiX lle-

~pM81lBI Hllep p8CCM8TpBB8eMol o6n8CTB, 

CnellyeT OTM9TBT~, 'ITO llBY~HOHHhle COCTOHBBH B SlllpaX nepeXOllBOI 

- /24/ 
o6n8CTH1 nepBhle SKCnepRMe&Tan&Bhle YK838HBR 0 KOTOp~X nony'le&bl B 

He RBnRIOTCR CTOnb 'IBCThiMB1 X8X B CHn&ROll.pMHpOB8BBhiX R,l:lpax, 

TaJtaM o6paaoM1 npo&elle&Rhle accnelloBasaa noKaaana, 'ITO aarapMoaa-

'lecxae scMieKThl B 'IGTHO-'IOTswx Rllpax B o6nacTsx 150 < A < 190 a 228 < 

'J!:A<268 BeC&Ma M8nhl H B nOl18BnJIJODieM 6on&DIHBCTB8 cnyqaeB BX MOlKBO He 

' /26 26/ npHRHM8Tb BO BBHM8HHeo 3TOT BhiBOll cornacyeTCR C Bhi'IHCneHHOI B 1 

3_8BHCHMOCTbJO nonROI SBeprBH CHnbROllecllopMHpOB8BBhiX Hl19p OT {J _, H )' -lle-

~pMauaA, HMeJOmel xapaKTep .napa6onw a6naaa caoero MHBHMyMa. nono-

lK8HHe cymeCTB8HHO OTnH'IJIO B Hllp8X JIOBOI o6naCTH llecllopM81lHH1 CO,I:lep:JKa-

mel BeiTpoBolle!llanaTBble aao~nhl- 6apaa, uepaa a llpyrax. Kax noxaaaao 

/27/ 
B 1 Hllp8 STOI o6naCTH R8nH!JOTCH BeC&Ma MSII'KHMH OTBOCHT8n&BO raMM8-

,I:lecllopM81lBAo 8 BHX1 DO-BH,I:lBMij)My1 l10nlltll8 «ShiT& CHn&HOI CB513b BpameHBJI 

c xone6aBBHMH B «Son&mae aar~pMORH'IeCKBe nonpaBKB. 

6. PaccMoTpBM BnBRHKe uaaMollelcTBas KBa3H'IaCTHil c clloBoBaMa Jla 

l1BYXKB83H'18CTH'IBble COCTOSIBHSI B 'IOTJIO-'IGTJihiX llecllopMapo&aBhiX Sl.llpax H 

BCCnellyeM1 R8CKOn&KO ycnOlltBHTCR CTPYKTypa STBX COCTOSIBBI C poCTOM Sllep-

rBB B036ylltlleRBHo 
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' 

l 
~~ 

-:,~1 
\~ 
';;(.' 
, ~~~·I 
'~~.: 

} 

nocKon&Ky cllopMyna ( 12) BepHa llnR acex 3H8'18HHI A 

colleplKHT a npellen&Hbll cny'lal, KOrlla onaa ana aaa ~HOHJ 

nepexollRT B l1BYXKBa3H'I8CTR'IHble onepaTOpbl. Ecna paccMaTpi 

41oHOHbl c A - 2 " - 0,2 R A - s " - 0,1,2 <-' 
'ITO COCTORBHH C A 8 p. • 8 H8nHJOTC51 Dp8KTH'IeCKH llBy. 

Hb!MH) 1 TO ( 12) MOlltHO 38nHC8Tb B BH,I:le 

+ -+ - l: Y(K~p1,pli)•C(p1pll)( l: ct,1a;•p1u1aPa"t Ap.l 
"1 "I 

AI' I 
Dql ql 111 t1 l(p I pI 

q1ql 

+ Ap. I + + 
xQI (Af&)]+- I A..,,.,l,(ptpl) QI(A,.)QI,(A'p.')}'Po_' 

A" I t-

rlle see 
AI' I 

"'·1·1 - 0; cl 
11 11 • 8 11 11 , ecna 

l I l I 
K• K + q1 

cl 11. 11 • 11
1 

8 
11 

_ 
11 

, ecna 
1 ll 1 ll 

K·IK• -K. 1:. 
l ll 

HallleM cpell&ee 3Ha'leaae raMHn&Toaaaaa (6) no coc~ 

non&3yHCb B8pH81lHOHHbiM npHHUHROM 1 CeKynHp&oe ypaBH8HHe DC 

f(p )+dp )-' --
1- l: l: 

1 I I 8 Ap. I 11 

1 

yl (AI') 

(fAp.(p ~~~)~~ vI 

+ Pall t-....l l: 
f ( p 

1 
) + 1 ( 11 ) +-ta~~l' -{ 

1 
2. A I' I 

A'" 'I' 

(fAp.(p,..,))l vp 

,( ... ) +'f ( p ) + 0: 
I 

Af&l 1 ( u,, 'I' (p p ) ) 
"" - l ll 

61Af' +- 61 A'p.' 
I I' ' J 

. Ap. l 
rlle U,, , 

1
, ( p p ) B8TPYl1HO nony'IRT& H3 ( 15). Ha ycnoa1 "" ' .. 

sabeM 
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c ywea&menew .aecjlopwauaa. To ecT& a aaoTO-

aarapMORH"'ROCTio raMMa-KoneC5aRHI yaenB"'B&a8TCSI 

K rpaaaue oCSnacTa aec~pH'I&CKBx a.aep. O.aaaKo aarap-

B ee MOlKHO Y"'BTbiB8Tio no T80pHH B03MYIIl8RHio 11HTepec-

peayn&TaT C nnaBRbiM yM8RioW8HH8M p8BROB8CRbiX Jl8-

~CCM8TpHB88MOI oC5naCTHo 

~o~u~~- 'ITO .!1By~RORRb18 COCTOSIBHSI B RJlpax nepexOJlHOI 

/24/ 
SKCnepHM8RTan&Riol8 yK838RHSI 0 KOTOp~x nony"!8Bbl B 

'IBCTbiMH 1 K8K B CHnloHO.!lecllopMHpOBSBRbiX A.Qpax. 

npoae.aeaa~o~e accne.aoaaaas noKaaana, 'ITO aarapwosa-

'IATHO-'IATHblx a.apax a oCSnacTBx 150 <A < 190 a 228 < 

H B no.aaBIIAIOIJleM C5on&WHHCTB8 cnyqae& BX MO:IKHO He 

/25 26/ SHe. 3TOT BbiBO.!l COrnacyeTCA C Bbi"!HCnessol B 1 

sseprHH CHnloSO.!le4JopMHpOB8HSbiX R.!18p OT /J -· H )' -.ae-

napaCSonbl a6naaa caoero wasawywa. nono-

BJlpax aoaol oCSnaCTH .aecllopwauaa, coQep:IKa-

aaoTj:)nbl 6apaa, uepRB a .apyrax. Kax noxaaaao 

o6naCTH SIBIIB/JOTCB B8CioM8 MRrKBMH OTSOCHT&nloHO raMMa-

no-BHJlBMcj)My1 .!10n:IKS8 C5b1Tio CBnloHOI CBSI31o Bpa~eBBSI 

CSon&wae aar~pMOSH"!ecxae nonpaaxa. 

BnBBSBe B38HMOJlelcTBHB KB83H"!8CTBU C clloHOH8MH Sa 

COCTOBSBB B "'ATHO-"!ATHbiX .aecllopMBpo&aBblx SIJlpax B 

yCnO:IKSBTCB CTpyKTypa STHX COCTOBSHI C poCTOM SHep-

14 

.. 
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nocxon&xy cllopwyna ( 12) aepaa JlnA acex aaaqeaal A. I' I , To osa 

co.aep:IKBT a npeJlen&H&II cny"!al, KOrJla OJlBH ana .aaa cllosoHH&Ix onepaTopa 

nepexo.aaT.a .aayXK&a3R'I&CTB"!Hble onepaTOpbl. Ecna paccwaTpaaaTJo TOnbKO 

/28/ 
cpoaoHbl c A • 2 I' • 0,2 a A • 8 I' • 0,1,2 (a noxaaaso, 

'ITO COCTOBHHA C A • 8 I' • 8 ABnAIOTCB npaKTH"!eCKH JlayXKaaaa"!aCTH"'-

H&IMH) 1 TO ( 12) MO:IKHO 3anRC8Tio a BHJ18 

" I I d [ + o + +· I 1'(K •Pa•P,)•C(plpt) alat •p1a1 plat A~&l 
A~&l 

D (p p ) a+ a+ x 
111 11t ala I 1 I 111 al q I a I al C71 

.. 1 .. 1 

+ Al'l + + 
X Q l (A") 1 +. I A. , 'l, ( p 1 pI ) Q I (A" ) Q l, (A,", )l 'I' 0 • 

Al'l ~~~ . 

r.ae ace 
AI' l 

"' .. 1 .. 1 
- 0; 

d a· a •a1 8a -a , ecnK 
1 t l t 

d a a • 8 a a , ecna 
1 I 1 I 

K· K + K 11 .. 1 t 

K·IK 11 -K 11 1:. 
! t 

( 18) 

H 

Hal.aeM Cpe.aaee 3H8'18HB8 raMRnbTOHR8H8 ( 5) no COCTOSIHRIO ( 18) H1 

non~oayacb aapaauaoHSbiM npaauanoM, cexynapaoe ypaaaesae nony'IBM a aa.ae: 

( ) 

' 

__ 1_ I 
t ( p ) + 1 P 1 - J 8 AI' I 1 

1 
I 
II Y l o." > 

( fAp. ( p II~) 2 v 2 

+ pill J-..1. I 
t(p

1
) + t(v) +·ta~~l' -{J 2. All I 

A'•'l' 

(f¥(p,v))' vp',v 

dv) •. , (p
1

) + ~~" _, 
1 

Al'l 1 ( u,, 'l' (p p ) ) 
"" . 1 • 

~A~~+~A'11'- 'J 
I l' 

- 0 , 

+ 

(19) 

A~& I 
rJle U,, , I, ( p p ) R8TpyQHO nony'IBTb H3 ( 15) • 113 ycnoaBB HOpMRpOBKH 

"" . I I 
aaiJleM 

~ 
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i 
! ,, 

:! 

!\ 
II· 
I ' 
1·1 
1·11 

I 

I 

'I 
i 

I, 

ccpl.p2re • 1 + :I :I ( D X~t 1 ( )) ~ 2 :I ( A X~t 1 ( 2 

X#£1 qlq2u ql ~,u·±u PI P2 . X f1.1 X'~t '1' PI p2 ))(20) 

X'~t'1' 

A~t1 V4 
D (p P )•-

8 v f>.p(p q )+8 v rA" (p q > 
p2q2 plql I I plql p2q2 2 2 

ql q20', ±"0' I 2 y1 (A#£) 

x,.1 1 
AA'~t'1'(p, P2 )• 2 

A~t f(q 1 )+f(q
2

)+C11 1 -c, 

x,.1 
0A'~t'1'( pIp 2) 

(J)A~t + til A'f'' _ C 
1 1' I 

( 21) 

( 22) 

Dn.11 cocTo.HHHl!: c 

/29/ 

Ap1 
K >4UA'~t' 1 ,(p1 p 2 )= 0 H ypaBHeHHe (19) npHHHMaeT BHll, 

nony'leHHbil!: s • 

~ . 
Pewe&bi ypasseHH.H ( 19) npH U, ~ 1, 1 , ( p p ) • 0 H Hccneaosasa 

" f' I 2 

CTpyKTypa HexonneKTHBHbiX COCTO.HHHl!: 'I~THO-'I~THbiX aecpopMHpOBSHHbiX .Hllep. 

PeaynbTSTbi pac'I~ToB npeacTasne&bi B Ta6nHuax IV H V 
1 
npH'I~M sseprHH asyx

xsaaH'IaCTH'IHbiX COCTO.HHHl!: paCC'IHTSHbl 6ea Y'I~Ta scpcp&KTS 6noKHpOBKH. 

ITposeaeHHbiit asanHa noxaaan, 'ITO HaH6onee HH3KHe asyxxsaaH'IaCTH'IHbie 

COCTO.HHH.H1 nepBbie nonJOCa ypaBH9HH.H ( 1~) y KOTOpbiX CYIUeCTBeHHO BbiiUe 

asyxxsaaH'IaCTH'IHbiX sseprHit, .HBn.H!OTC.H secbMa 'IHCTbiMH. B Ta5nHue IV 

npHBelleHbl T8KH9 COCTO.HHH.H1 y KOTOpbiX npHMeCH COCTaBn.HIOT MeHee 1%. Hec

KOnbKO 5onee BbiCOKHe llBYXKB83H'I8CTH'IHbl9 COCTO.HHH.H
1 

y KOTOpbiX nepBbie 

nonJOCa Ha 0,5 Mss H 5onee BbiWe llBYXKB83H'I8CTH'IHOit 9HeprHH
1 

T8K)f{9 .HB

n.HIOTC.H llOCTSTO'IHO 'IHCTb!MH: npHM9CH B HHX1 KSK npaBHn0
1 

He np&Bb!WSIOT 5%. 
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B Tex lKe cny'laRx1 rae aeiUI'IBBa nepaoro noniOCa s ( 19) 

xa K «( P1 ) + f ( pJ HnR ll8lK8 M8HbW8 s'toro 3H8'18HRR1 Ti 

nepecTaiOT 6biTb llBYXK883R'ISCTH'IHhiMBo B STHX cny'I&RX .11881 

qacTH'IH&R xoscp&rypauR.H pacnpeaenReTCR no pRay ypoasel. Ta 

TORBRR npo.aeMOHCTpHpoBBHbl B T86n&ue V • 3seprBB T8KBX 

npaaano, npesbiWSIOT 8 Msa a o6nacTB 150 < A < 100. 

3TOT acpcpeKT pacnpeaeneHHR llBYXK883H'I8CTH'IBbiX KOHcpRr 

COCTORHBA MO)f{HO 5y.aeT sa6nJO.aaTb sxcnepBMesTanbso 1 

H B npRMbiX Rll8PHhiX pe8KUHRX, KOrll8 5yaeT o6aapy)K8HO CO~ 

HbiM x" 6onbwe 1 '18M HMeeTCR COOTBeTCTBYIOIUBX llBYXK 

COCTORHHAo J1o-BHllHMOMY1 T8KOrO TBD8 pacnpe.aene&He HMee~ 

1801 
cny'laea. HanpaMep,s o5sapylKeRo secxonbKO ypoasel c 

/81/ ., 
s sallleso secxonbKO ypoasel c k • 1 + R 1- B 110 

/82 88/ 
aaso a ' , oco5esso MHoro ypoaseA c K"•1+,1- H 

B 
170 Yb • Ha5nJOaaeMoe noBbiwesae · Jo1 ft npa nepexoll 

TORHHR DO cpaBH9HHIO C 5onbWHHCTBOM nepeXOllOB THDS ah 

eTcH aononHRTenbHbiM apryMeHTOM B nonbay pacnpe.ae;teBHR 

TH'IHbiX KOMDOHeHTo 

TaxeM o5paaoM:' noaaanRIOwee 5onbWHBCTBO asyxxeaaH· 

Tosrsel annoTb no sseprHH 8 Mas SIBnsreTCSI secbMa 'IHCTl 

pOCTOM sseprHH CTpyKTypbl COCTOSlHHl!: ycnolKHSIIOTCSI1 npHMe< 

'18CTH'IHOl!: KOMDOHe&Te B03p8CT8IOT, H B OTaenbHhiX Cny'ISSIX C 

BanHpyiOIJlHMH
1 

a llBYXKBB3H'I8CTH'IHbie KOHcpRrypaUHH pacnpell 

liY ypoasel!:. 
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=1 + I I (DJ\"i ( ))~2 I (.:1 Afll ( ))2 
J\p.i q q u q 1 ,,u+u P1 P2 · J\ui J\'p.'i' p1p2 (20) 

1 2 - .. 

"'"'i' 

1/4 Bp q v p q fA,.&(p1q1)+Bp q v p q fAIJ. (p2 q2) 
)• 2 2 1 I 1 1 2 2 

2 yi (J\p.) J\p. 
( 21) 

t(q,)+t(q2)+Cbi -(, 

J\t.d 
u","'i'< P 1 P 2 > ( 22) 1 -,(p1 pll >-

2 ruAIJ. + ru J\'1'' - ( 
i i, J 

c 
J\pi 

K > 4 UJ\'p.'l'(p1 p 2 )= 0 H ypasaeaue (]9) npHHHMaeT sun, 

(19) npu U Af&i 
J\'p'i' (p1 p2)- 0 H uccnenosaaa 

COCTOSIHHft 'I~THO-'I~THbiX necpopMHpOBSHHbiX Slllep. 

npencTaBneHbi B Ta6nuuax IV H V, npH'I~M saeprHH llBYX

cocToSIHHA pacc<~HTaHbl 6ea Y'I~Ta scpcpexTa 6noxupoBKH. 

8HSJIH3 IIOK838JI1 'ITO HaH6onee HH3KHe llBYXKB83H'I8CTH'IHble 

IIOJIIOCS YPSBHeHHSI ( 19) y KOTOpbiX cymecTB9H.HO BbiUie 

saeprua, SIBJISIIOTc.s~ secbMa 'IHCTbiMH. B Taonuue IV 

COCTOSIHHS11 y KOTOpbiX llpHMeCH COCTSBJISIIOT MeHee 1%. Hec-

He llBYXKB83H'I8CTH'IHbl9 COCTOSIHHS1
1 

y KOTOpbiX nepBbi9 

H 6onee BbiUie llBYXKB83H'I8CTH'IHOft SHeprHH, T8K*8 SIB-

'IHCTbiMH: llpHMeCH B HHX1 KSK llp8BHJI0
1 

He llp9Bb!W8IOT 5%. 
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B Tex *e cny~aax, rae aena~aaa nepaoro noniOCa a (19) aec&Ma onHa-

xa K t( p1 ) + f ( p~ BJIH ll8*8 M8HbW8 8TOI"O 3H8'18HHSI1 T8KH8 COCTOSIHHSI 

nepecTaiOT C5b!Tb nayxxaaaH~acTH'IHbiMB. B STHX cny'laax naasaa nayxxaaaa-

qaCTH'IHaH KOHc!>HrypauHa pacnpenenaeTCa no pany ypo&Hel. Taxoro THna coc-

TOHHRSI npoll8MOHCTpHpoB8Hbl B T80nRil8 V • SseprBB T8KHX COCTOSIHHI, K8K 

npa&Hno, npeBb!WaiOT 8 Msa a oCSnacTB 150 < A < 190. 

3TOT scpcpeKT pacnpeneneHBSI llBYXKB83B'I8CTH'IHbiX KOHc!>HrypauHI no pSIIlY 

COCTOSIHHI MO*HO OylleT H80JIIOll8Tb 9KCII8pHM8HT8JibHO B 08T8-p8Cil8ll8 

H B npHMbiX SlllepHbiX pe8KilHSIX1 KOI"ll8 OYil8T 06Hapy*eHO COCTOSIHHI C ll8H-

Hb!M tt" 6on&UI8 1 '18M HM88TCSI COOTBeTCTByiOmHX llBYXKB83H'I8CTH'IHbiX 

COCTOSIHHI. no-BHllHMOMY1 T8KOI"O THII8 pacnpeneneHHe HM88T M8CTO B pS1ll8 

/80/ " 111 
cny'laea. HanpHMep, a oeisapy*eso Hecxon&xo ypoasel c K - 4 + a Dy, 

/81/ ., .. + - 110 
B H8tt/l8HO HeCKOJibKO ypOBHel C ft. • 1 H 1 B Dy H 1 K8K IIOKS-

/82 38/ 
38HO B 1 

1 OC059HHO MHOI"O ypOBHel C tt"-1+,1- H 0-' OeiHapy*eHo 

B 
170 Yb • HaeiniOnaeMoe noBbiWeHHe · loaft npH nepexonax sa sTH coc-

TOHHHSI 110 Cp8BH8HHIO C OOJI&UIHHCTBOM 11epeXOllOB THI18 ah H Ju SIBnSI-

9TCSI Jl0110JIHHT8JibHbiM apryMeHTOM B IIOJ!b3Y paC11pene;leHH51 llBYXKB83H'IJ8C-

TH'IHbiX KOMIIOH8HTo 

TaKHM o6paaoM, 110ll8BJIHIOmee 6on&wHHCT~o nsyxxaaaH'ISCTH'IHbiX coc-

TOSIHHI snnoTb no s.HeprHH 3 Mas HBJISieTca secbMa 'IHCT&IM • OnHaKo c 

pOCTOM 9H8pi"HH CTpyKTypbl COCTOSIHHft yCJIO*HSIIOTCSI, 11pHM8CH K llBYXKB83H-

'18CTH'IHOft KOMIIOH9HT9 B03p8CT8IOT, H B 0Tll9Jib.Hb!X CJIY'ISSIX CT8HOBSITCSI 11pe-

B8JIHpyiOmHMH1 8 llBYXKB83H'I8CTH'IHble KO.Hc!>HrypaUHH pac11peneJISIIOTCSI 110 pSI-

llY ypOB.Hel. 

~ 
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MccneayeM BOnpoc, H8CK011bKO CHllbHO B38HMoaeii:CTBHe KB83H"'8CTHU 

C !floHOH8MH CMeUIHBaeT aBYXKB83H"'8CTH"'Hbie COCTOSIHHSI C oaHH8KOBbiMH 

3H8"'eHHSIMH KIT. 
Bonaosyro IPYHKUHIO B03bMeM B BHae 

qr (K"; p • P • p • P •) .. 
1 2 3 .. 

1 , ) + I d a u I C (p 1 p 2 a p 1 a 1 
111 a 2 1 2 1/2 

+ + ,\ILij 
+·C'(p p )a a + I D (p p p p )a + 

34 pa pu qquu 12 3 4 qu 
3 1 4 2 ,\It i 1 2 1 2 1 1 

+ 
ap2a2 + 

( 23) 

a+ u Q+i(,\ ll)l qr o 
q2 2 

HaAaeM CpeaHee 3H8"'eHHe H no aTOMy COCTOHHHIO H H8 OCHOBe B8pH8UHOH-

aoro npiiHUHna nonyqiiM ceKynHpHoe ypasaea11e. PemHB aTo ypasHeHHe, Hail:-

a eM aaeprHII ' 1 H 1 D011b3YHCb YCliOBHeM HOpMIIpOBKH - BK118abi aByXKB83H-

II 2 
qaCTIIqHbiX KOMDOHeHT C (p , p ) 

1 2 
I ) 2 c (p 3 ' p 4 

H 
'!lacTb pe3ynb-

TaToB npeacTasneaa B Ta6n11ue VI • M3 T8611HUbl VI BllaH0 1 qTO B no-

aaB11Hl01UeM 601IbWHHCTBe cnyqaes aTO CMeWIIB8HHe BeCbMa Mano. MCK1110-

qeHHe COCT8BnHlOT OTaenbHbie cnyqall, Koraa, aHeprHH aByXKB83HqaCTHqHbiX 

COCTOHHHft BeCbM8 6nH3KII apyr K apyry. 

B paMKax Moaen11 c napHI:.IMH H MynbTHnonb-MynbTHnonbHbiMII cHnaMJJ 

paCCMOTpeHO BliHHHHe B3811MOaeii:CTBIIH KB83HqaCTHU C !f!OHOH8MII Ha YC110*-

\ 
H9HH9 CTpyKTypbi COCTOSIHIIA ae!flopMHpOBSHHbiX Raep Dpll yBenllqeHHII aaepr1111 

B036y*aeHHH. YcnmKH9HHe CTpyKTypbi COCTOSIHHA npoHCXOaHT TSK*e H3-38 

CBSI311 C Bp81U9HH9M 1 113-38 H81111qHg apyr11x B38HMOaeii:CTBIIil:
1 

T8KHX
1 

KOTOpbie 

npHBOaSIT1 HanpiiMep, K CDIIHOBOMy pacwenneHHIO, H11H T8KHX
1 

KOTOpbl9 paCCMOT

/34/ 
penH BoxaauKH H Ora3a • MHTepecHo HCcneaosaTI:. CTPYKTypy cocTOHHHA 

anSI B38HMoaeii:CTBHil: Me*ay KB83HqaCTHU8MH B p8MK8X TeOpHH KOHeqHbiX 

/35/ 
!flepMH-cllcTeM MHr.nana • MMeiDmHecSI aKcnepHMeHTani:.Hbie aaHHbie CBH-

18 

.. 
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o.eTellbCTBylOT 0 TOM1 qTO T8KOP0 THD8 ycno*H9HHe CTpyK~y~ 

c pOCTOM aHeprHH B036y*aeHHSI HMeeT M9CTOe He snonHe SICH 

nonHO H npaBHllbHO paCCMOTpeHH8SI Bb1We M0):(911b ODHCbiBaeT CT: 

TOSIHHA npH 9HeprHSIX ( 1 .. 2) Mas H Bblme B ae'l{!THI:.IX A H 

( 2 .. 3) Mas H BbiWe s q{lTHO-"'l!THbiX ae!flopMHposaHHbiX Hapax. 

qTO C pOCTOM afitlprHH B036y*U9HHSI ):(011*Hbl npOSIBHTbCSI HOBble C 

pHSII19PHbiX B3811MOileii:CTBHil:
0 

II MO>KHO H811eSITbCSI 1 qTO aKcnepHMef 

Tblo He YK118UbiB810UIIIeCSI B p8MKH paCCMOTpeHHOil: 3):(eCb MOaenH, 

aenHTb H ccpopMy11HpOB8Tb aon011HHT911bHI:.Ie H8H6onee B8*HbiE 

Sl/lepHbiX cHn. Heo6xoaHMO noaqepKHYTb, qTo aan6onee sa*Hbie 1 

1111 CBSI38Hbl CO CBOii:CTB8MII CHMMeTpHII B38HMOaei\:CTBHH1 

):(OM CH11 ( H8DpHMep 1 C HX p8UH811bHOft 38BHCHMOCTblO). 

CneayeT oTMeTHTb1 "'TO B CBSI3H C YC110*HeHH9M 

a ae 

CTpyK 

HHl!: ae!flopMHpOB8HHbiX Slllep C pOCTOM aHeprHH B036Y*IleHHSI C' 

o6xoaHMbiM KoMnneKcHoe aKcnepHMeHT811bHOe H3Y"'9HH9 T8KI 

coqeT8lOUI9e f3- H y -cneKTpOCKODHlO C npHMbiMH SI.!l9pHbi!II 

B 3aKnroqeane 6naronapro P.B.Ll>Konoca, A.A.Kopaelqyxa, 

C.M.<f>eaoTOB8o Y.M.<f>aiHepa H r.IOHrKnaycceH 38 noMOlUb II .• 

flHTepaTypa 

1. Soloviev li.'G. Atom. Energ. Rev., .2.. (~965) ~~7. 
2. >Kene3HOBB K.M., KopHeil'lJ'IC A.A., ConOBbfiB B.r., tllorfllll& n •. 

ceH r. llpenpllHT OHHH .a-2157, ,Dy6HIJ 1985. 

8. Jolos R.V., Soloviev V.G., Zheleznava K.M • .Phys. Lett., 

4. Soloviev V.G. Phys. Lett., ~6 (~965) 308. 

5. Soloviev V.G., Vogel P. NucletSr Ptryslcs A92, • 
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BOIIpOC 1 H8CKOnbKO CHnbHO B38HMOJleftCTBHe KB83H~8CTHU 

CMelllHBaeT llBYXKB83H~8CTH~Hbie COCTO.SIHH.SI C OllHH8KOBbiMH 

K". 
BonaoeyiD ~YHKUHID eoaaMeM B euae 

, p , p ) "' 
2 3 4 

1 

•./2 

+ + I 
a P4 u2 A1.d 

+ + 
I d a a I C' (p 1 P 2 ) a P 1 a1 a P 2 a 2 0'1 (1 2 1 2 + 

(23) 

A~tij ) + 
D q q u u (p 1 P 2 p 3 p 4 a q 1 u1 

1 2 1 2 a~ u ot<>-~t>IIJio 
2 2 

3H8~9HHe H ITO 8TOMy COCTO.SIHHID H H8 OCHOBe B8pH8UHOH

rrony~HM ceKyn.s~paoe ypaeaeaue. PewHB aTo ypaeaeaue, aaa-

H 1 IIOna3y.IICb YCnOBHeM HOpMHpOBKH - BKn8Jlbl llBYXKB83H-

II )2 c (p1, p 2 H c' < > 2 p 3 , p 4 'llacTa peayna-

Ta6nHue VI. 113 Ta6nuubr VI BHllHO, ~TO B ITO-

6onaWHHCTBe Cny~aee 8TO CMeWHB8HHe BeCaM8 Mano. J1cKniD

OTJlenaHbie cny~aH, KOraa 8HeprHH llBYXKB83H~8CTH~Hb!X 

6nH3KH apyr K apyry. 

MoaenH C II8pHb!MH H MynbTHIIOna-MynbTHIIOnaHblMH 
CHn8MI'f 

BnH.IIHHe B38HMOJlelicTBH.II KB83HqaCTHU 
C ~0HOH8MH Ha ycnoJK

·1 
COCTO.IIHH!i ll9~0pMHpOB8HHbiX .IIJl9p IIpH yeenHqeHHH 8HeprHH 

Y CnO:>KHeHHe CTpyKTYPhi COCTO.IIHH!i IlpOHCXOllHT T8KJKe H3-38 

11:3-38 HannqH.II JipyrHx B38HMOJieAcTBH!i
1 

T8KHX
1 

KOTOpbre 

K CIIHHOBOMy pacwerrneHHID1 HnH T8KHX
1 

KOTOpbi9 paCCMOT-

/34/ 
0ra3a • 11HTepecao HCCne)lOB8Tb CTpyKTypy COCTO.SIHH!i 

liCTBH!i Me:>Kily 

/35/ M~~:raana • 

KB83HqaCTHU8MH B p8MK8X T90pHH KOHe~HhlX 

11M9IDWH9C.II 8KCII9pHMeHTanaHbie ll8HHbre CBH-

18 

• 

aeTenbCTBYIDT 0 TOM, ~TO T8KOPO THIIa ycnOJKHeHHe CTPYK'J\YPbi COCTOSIHHft 

c pocToM aaep!HH eoa6yJKJI9HHSI HMeeT MecTo. He erronae .srcao, aacKonaKO 

nonHO H rrpaBHnbHO p8CCMOTpeHH8SI BbiWe Monena OIIHCbiBSeT CTpyKTypy COC-

TO.SIHHA IIpH 9H9prH.SIX ( 1+2) Mae H BbiWe e ae~~THhiX A H rrpH aaeprHSIX 

( 2 + 3) Mae H BbiWe B ql!Tao-ql!THbiX ne~opMHpoeaHHbiX Hnpax. HecoMaeaao, 

qTO C pOCTOM 9~prHH B036yJKa9HHSI JlOnJKHbl rrpOSIBHTbC.SI HOBbl9 CTOpOHbl BHyT-

pH.SIJl9pHbiX B38HMOJleftCTBHft
0 

H MOJKHO H8JleSITbCSI 1 qTO 9KCIIepHMeHT8nbHbl9 ~aK-

Tblo H9 yKn81lbiB8IDIIlH9C.SI B paMKH paCCMOTpeHHOA 3Jl9Cb MonenH, IIOMoryT Bbl-

aenHTb H CcpopMynHpOB8Tb JIOITOnHHTenbHbie H8HOOnee B8JKHbie· KOMIIOHeHTbl 

staepHbiX cun. Heo6xo.aHMO nonqepKHYTb1 qTo HaH6onee ea:>KHbre BbiBO.Ilbl Mo.ae-

nH CB.SI38Hbl CO CBOftCTB8MH CHMMeTpHH B38HMO.IleftCTBH.SI1 a He C SIBHbiM BH-

JIOM CHn ( H8IIpHMep 1 C HX p8.11H8nbHOA 38BHCHMOCTbiD). 

Cne.ayeT OTMeTHTb1 qTO B CB.SI3H C ycnOJKHeHHeM CTpyKTypbl COCTO.SI-

HHA .aecpopMHpOB8HHbiX Sl,llep C pOCTOM 9HeprHH B030YJKJleHH.SI CT8HOBHTCSI He-

OOXOJIHMbiM KOMIIneKCHOe 9KCIIepHMeHT8nbHOe H3y~eHHe T8KHX COCTOSIHHft 1 

coqeTaiDmee fJ- H y -crreKTpOCKOIIHID C rrpSIMhlMH SIJlepHbiMH peaKUH.SIMH. 

B aaKniDqeaHe 6naro.aapiD P.B.LlJKonoca, A.A.KopaeA~yKa, n.A. Manosa, 

C.H.CZ,e.aoToBa, Y.M.CZ,aftaepa H r.IOHrKnaycceH 38 IIOMOMb H o6cy*JleHH.SI. 

"' 
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T a C5 JI 

T a 6 n H u a I -·- Pacrrpe;ll;eJieHHe o~HOKBaaHqaJI~HllH.crx KOMnoHeH~ n~ 

Paonpe~eneHHe H OMemHBaHHe O~HOKBaSH~aOTHqHYX KOUfiOHBHT ;-
fl:gpo K" E(pJ j 'lj CJ(P)% ~ MaK M•8 

167Yb 7/2+ R.ltpo K, equ £9'---J ?· .. .2. llo1111oa 633+ 1.17 1 1.oo 0.940' f, f;l. ~ §·{f.) ~if~ MaB 2 2.38 0.023 ~ev Mtt:V ./i<t{ (fl ) 
I '77Yl o.9Io ro-5 1/2- 521. 1 • .30 1 1.17 0.930 ! I/2- 5!0+ I.II 52! f 2,34 0,93 2. 2.10 o.026 ! 

2.12 z.ro-5 o.880 3 2.19 o.o13 I 
4 2.48 0.025 2.92 O.OOI 0.082 

1'1-YJ 5/2- 523 t I.I3 5/2- 512f 2.06 1 1.42 (}~?90 5!2+ 2.06 0.86 0.900 0.020 2 1.88 0.028 1.44 0.024 0.760 1.868 
I.90 0.020 0.036 

5.06 0.140 ,,s~ 
5/2- 523 t 1.34 srz + 1.65 o.9a o.2so o.sao 9/2+ 624t 2.38 1 1.94 0.590 I.I7 0.690 0.230 2.967 2 2.22 0.150 3.!4 O.OOI 0.049 3 2•56 o.o8o 

4 2.99 0.003 3/2- 521f I.64 532 t 3.35 1.23 o.79o o.o1o r.82I 
I' r.a5 o.023 o.oo1 I.977 157ny 3/2- 532f .2.06 1 0.9? 0.610 I 2.00 0.125 0.045 

2 1.?2 0•015 2.65 o.004 o.510 
3 1.79 0.036 JSS~ 

3/2+ 402# 1.62 65If I.42 0.76 o.o1o o.a3o (IJ •0.30) 155Gd 5/2+ 642+ 0•94 0.860 
I 

!.03 o.850 o.OI3 • 1.28 1 I 

.,, 2 2.09 O.QII.5 I.40 1.55 g.78 O.I60 0.650 3 - -.as 0.120 o.r6o ( (J •0.33) 4 2.44 0.016 
i51~ 5/2- 523+ I.42 5I2+ 3.05 o.a5 o.no o.04o 3/2- 532t 2.06 1 1.13 0.?00 I.74 O.IIO 0.140 1.769 2 - -II 

!.98 0.008 0.020 
3 2.38 0.003 2.21· O.OI8 0.470 
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