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1. BBEAEHHE 

Bnepewe Ha cy~ecTaoaaHHe a c¢epH4eCKHX 4eTHo-4eTHMX RApax 

Kon.neKTHBHbiX M 1-cocTO.RHI-1.11, o6pasoeaHHbtX OAH04acn14HbiM~~t nepe

XOASMH 4epe3 ABC o6on04KH H pacno.nomeHHbiX npH 3HeprHRX B03-

6yJ!!AeHI<R E,~ 15+ 19 M3B, 6blno yKa3aHo B pa6oTelt/. Pac4eTbl B paM

Kax TeopH~ KOHC4HbiX cJ>epMio1-CI-1CTCM, BblnOJ1HCHHbiC lllnel:iTOM- t:\. 
H AP/2/ A.flfl RAP8 208Pb, noKaaa.nH, 4TO, XOT.R 3TI-1 KO.n.neKTHBHble 

1 +-cOCTO.RHH.R HMCIOT Ma.OCHbKyiO BCilHI..IHHY B (Ml, 0;,s-;' 1+}=.0,01-:-().4{ 

OHH AO.nmHbl CHflbHO B036ymAaTbCR B HeynpyroM pacce.RHHH 3flCKTpo

HOB.C HaH60flbWeH: HHTeHCHBHOCTbiO AOflmHO cor.naCH0/2~o36ymA8TbCR 
CHflbHO KO.n.neKTHBH3HpOBSHHOe 1+- COCTORHHe C 3HeprHeH B036y~

ACHH.R E%= 25,16 M38, TOKOBa.R nepexOAHa.R n.nOTHOCTb KOToporo 

HMena noeepXHOCTHbtalr xapaKTep. Pacc4~~tTaHHaR een~t~4~~tHa ce4eHHR 

eoa6ymAeHH-R aroro cocroRHI<iR a (e,e) -pacceRHI-11-1 HaaaA cocras~~tna 

150 H6/cp, B pa6orax/2/ AaHa TaK>Ke O~eHKa WIIIPIIIHbl 3TOro COCTOfi

HIIIR, o6yC110BJ1eHHO~ CBR3b10 CO Cn110WHbiM CneKTpOM 'f 't= 1 +4 M3B, 

0AHaKo nonbiTKa o6HapymHTb Bb1COK011ema~~~~~ t+- peaoHaHC cr~ M3B 

np~~t 3HeprHfiX aoa6ymAeH~~tR Ez=l9+25 M3B a HeynpyroM paccefiH~~t~~t 

3IleKTpOHOB c 3Hepr~e~ Eo~ 60 M3B Ha yron e ~ 180° Is/ Aana OTp~

~aTe11bHbl~ peaynbrar. C 6onbwo~ AOneH HeonpeAeneHHOCT~~t 3Kcne

p~~tMeHraropbl Bb1Ae11~111-1 npl-1 3Hepr~~tH ·Ex= 24 M38 nHK WHPHHO~ r·: 
=1,5 M38. nonHaR BeJ1H4HHa Ce4eHHR B n~t~Ke /nocne Bb1Ae11eHHfl $0-

Ha/ COCTaBH11a 50+20 H6/cp, 4TO cy~eCTBeHHO MeHbWe TeopeTH4e

CKH npeACKa3aHHO~. 
Jlnfl aAeKBaTHOfO on~t~CaHHR KOJ111eKTIIIBHbiX COCTOfiHH~ fiAep, ne

>Ka~HX a o6nacrH cnnowHoro cneKrpa, Heo6xoA~~tMO npeoAoneTb ABe 

OCHOBHble TPYAHOCTH •. Bo-nepBbiX, pac4eTbl C!leAyeT npOBOAIIITb C 

AOCTaT04HO 6oJ1bWIIIM OAH04aCTH4HbiM 6a3HCOM, CTporo roaOpfl, BK1110-

4aR H OAH04aCTH4Hbl~ KOHTHHyyM. 80-BTOpbiX, nplll BbiCOKIIIX 3Hepn'I

RX B036ymAeHIIIR Ba}f(HyiO p011b ~t~rpaer 83aiiiMOAeHCTBHe npOCTbiX KOH

¢l~t~rypa~YII:i /a AaHHOM cny4ae lp-lh I c 6onee CJlO>tCHbiMH, 111 a nep

BYIO 04epeAb C 2p -2h -KOH¢1Hrypa~HRMIII. /HaaeCTHbl npHMepbl /4/, KOr

Aa TaKOe B3aHMOAeHCTBHe KapAHHa11bHO H3MeHR110 pacnpeAeneHHe CH

Jlbl- M A-nepexoAOB, nony4eHHoe e np~t~6n~t~}f(eHio1H cny4a~HoH ¢laabl. 

no3TOMy pe3YJ1bTaTbl pac4eTOB B nC~, BblnOnHeHHbiX Ha CH11bHO orpa

HH4eHHOM OAH04aCTH4HOM 6a3HCe, MOryT pacCMaTpllleaTbCfl 11111Wb KaK 

opHeHTYIPOB04Hble H HY>KAaiOTCR B Aa11bHeHweH nposepKe/. 

nocneAOBarenbHOe npeOA011eHHe BbiWeynOMRHYTbiX TPYAHOCTeH npeA

CTaB11ReT C06oH 04eHb TPYAOeMKY~ 3aAa4y, H noKa AJlfl ee peweHHfl 
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CAenaHbl nHwb nepsble wan1/s/. B HaCTOfll4ei1 pa6oTe Mbl paccMoTp1>1M, 
K KaKHM nocneACTBHfiM An.R CYI4eCTBOBaHHfl BbiCOKOJle~a~ero Ml-pe-
30HaHCa npHBeAeT y4eT B3aHMOAei4CTBH.R lp-lh KOH$Hrypa~J.1~ C 5o
nee cnomHbiMH. ~nR 3Toro Mbl aocnonbayeMc.R ¢opMa!1H3MOM KsaaH-
4aCTY14HO-$OHOHHOH MOAenJ.1 .RApa/6.7/, Mbl paccMoTPJ."'M TaK~e 1-1 APY
rl4e BOnpOCbt, CBR3aHHble C CYI4eCTBOBaHHeM H B03M0}f{H0CT.RMJ.1 06Ha-
py}f{eHJ.1fl Bb1CO-KOI1e}f{a~ero Ml-peaoHaHca. 

§2. KBA3~qACT~4HO-~OHOHHAR MO~Enb ~APA 
H METO~ CHnOBbiX ~YHKUI1A 

00APo6Hoe onHCaHJ.1e KBa3H4aCTJ.14H0-$0HOHHO~ MOAellH .RAPa J.1 no
I1y4eHHbiX B ee paMKaX pe3YI1bTaTOB MOmHO HaliiTH 8 MOHOrpa¢HJ.1/6/ 
J.1 o6aopax/7l .HaH6onee Cyl4eCTBeHHbre peaynbTaTbl nocneAHero ape
MeHH ony6nHKOBaHbl B pa6oTax/S/, n03TOMy 3AeCb Mbl orpaHH4HMC.R 
I1HWb KpaTKHM 04epKOM OCHOBHbiX n0!10}f{eHHH 3TO~ MOAellH, Heo6xo
AI1Mb1M AJ1R nOH!.1MaHH.R Aanb.Hel4wero. 

Kaaa114aCT-H4H0-$0HOHHaR MOAenb /K<llM/ OTHOCJ.1TC.R K Knaccy TaK 
Ha3biBaeMbiX nonyMY'IKpOCKOnH4eCKJ.1X -MOAeJleC1. fiAPO B Hea:i paCCMaTpJ.1-
saeTC.R KaK CHCTeMa ~YKDOHOB, ABJ.1}f{Yt4J.1XC.R B CpeAHeM noTeH~Hane 
H B3aJ.1MOAeli!CTBYIOI4J.1X nocpeACTBOM 3$$eKTHBHbiX ABYXHYK!10HHbiX CJ.1!1, 
(J>yHK~Y10Ha!1bHblilf BHA KOTOPbiX Bbi6HpaeTC.R Ha OCHOBe Ka4eCTBeHHbiX 
C006pa}f{eHHi4, a napaMeTp~ noA6HpaiOTCR J.1CX0AR 1113 YCI10BH.R HaH!1y4-
wero om-1-caHJ.1.R 3Kcnepli1MeHTanbHbiX AaHH&rx. CTporo rosopfl, napa
MeTPbl 3<1>$eKTl4BHblx CJ.111 AOJl)f(Hbl 6bJTb cornaco-saHbl c napaMeTpaMH 
caMocornacoaaHHoro OAH04aCTJ.14Horo noTeHI.lJ.1ana /9,10/. 

B pac4eTax no Kti>M a Ka4ecTae noTeH'-'Hana cpeAHero nonR Hc
nonhayeTC.R noTeH4~an By,qca-CaKcoHa. B KaHane 4acT~~a-~acT~4a 
Y4HTb1BaiOTCfl MOHOnOilbHble HeHTPOH-He~TPOHHble ~ npoTOH-npOTOHHble 
CHJlbl cnapHsaHHR, a KaHane 4aCT~4a-AbiPKa - cenapa6enbHble MYnb-
TJ.1nonbHble VA (1

1
.t

2 ) J.1 cm1H-MYllbT~~tnonbHble V
0
\_ (f'

1
.t

2
) c~nbl, 

BK11104aJOLqHe "130CKa1lRRHble J.1 ~30BeKTOpHble KOMnOHeHTbl. KamAOe cna-V_.-+ Lr--+ rafMOe A (r}.r 2 ) H Vq,.\\r 1 .r 2 ) xapaKTepHayeTC.R ,QBYM.R KOHCTaHTaMH: K~) ~ K\{) J.1!1J.1 - AilR Cm1H-MYilbTHnOilbHbiX CHJl Vt (f'_
1
;f 

2
) - K~AL~ 

KiAL~. 8 TeX cny~a.Rx, KOr~a 3TO B03M0)f(H0 /HanpHMep, AJlR CJ.111 
Cnap!-1BaHHR, Cenapa6eJTbHbiX A~nOJlbHbiX, KBa~pynOilbHbiX J.11 OKTynOI1b
HbfX Cl.ll/'1/, KOHCTaHTbl B3aHMOAe~CTBHR onpeAeJlRIOTC.R no 3KcnepHMeH
Ta1lbHbiM AaHHbiM /pa3HOCT.RM .Mace COCeAHHX 4eTHbiX H He4eTHbiX 
RAep, 3HeprJ.1RM HJ.1~aHW~X BH6pal.lHOHH~X COCTO.RHY'I~ H rHraHTCKHX 
peaoHaHcoa/. B APYrHx cny4a.Rx Hcnonb3YJOT Ka4eCTBeHHble 04eH
KH/t0,11/6onee .qeTaJlbHO -Bbl6op CHilOBb/X napaMeTpOB o6CY>KAa1lCR 
HaMH a pa6oTax/4.t2/. 8 cneAYJ014eM naparpacJ>e Mbl e~..qe aepHeMCR K 
3TOMY eonpocy. 
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HraK, raM~nbTOH~aH RAPa ~ ~Meer B~A 

J( 
.,.. ..,._,. .,..L....,._,. 

=H +H. +..,V,(r 1,r2)+..,V,(r 1 ,r 2 ). 
s.p. pan ,\ 1\ ,\L (JI'r. 

/1/ 

B peayn~Tare cepH~ npeo6paaoaaH~H ~ npH6nH~e~HH, noAP06Ho H3-

no>KeHHbiX ele< raMHilbTOHHaH J( AilR c¢lepw ... ecKoro 4erHo-4eTHoro 

RAP8, 3anHC8HHb1W B npeACT8B!leHHH BTOPH4HOrO KB8HTOBaHHR 

OnepaTOPbl PO)t(AeHi'IR H YHH4TO)I(~HHR KBS3J.148CH1l~ 

$OHOHoa Q\~d , Q ~ i , npHHHMaer BHA 

+ 
a jm ' a jm 

4epea 
H 

/2/ 

CnaraeMoeH 0 cooraercrsyer npH6nH>KeHH~ HesaaHMOAeHcrsy~~HX 
ij)OHO-HOB: 

Ho= ~i w .1! Q\.d Q .\j<i • /3/ 

8 3TOM npH6IlH>KeHHH, T.e. B npH6IlH>KeHHH C!ly4aHHOH $83bl, OCHOB

HOe COCTORHHe AAPa C4HTaeTCR $OHOHHbiM B8KYYMOM (lJl 0), a B036y>K

AeHHble paCCM8TpHB8~TCR K8K OAH0¢lOHOHHble C p83HbiMH MOMeHT8MH, 

4eTHOCTRMH H 3HeprHRMH. 8 npHH~Hne, B03MO>KHO nocrpoeHHe ABYX-, 

Tpex- 1-1 T ·A· MHOr0¢0HOHHbiX COCTORHHiii, XOTR npH 3TOM cneAYeT 

nOMHHTb 0 B03MO>KHbfX ~CKalKeHJ.1RX, B03H~Ka~lo1X H3-aa npeHe6peme

H~11 npHH~J.1nOM nayn1o1. 

0AHO¢OHOHHaR BOflHOBaR ¢YHK~J.1R npeACTaenReT co6oiii cynepno-

3J.1~1-110 ABYXKBa3J.14aCTJ.11..1HbiX KOMnOHeHT: 

Q; . 'f0 = :£ I v/", [a+ a+, ,J,- HA-~<1/\ la., ,a. l, l'¥
0 

• !41 
AJ.'l jj"' JJ ]m J m ''flo JJ J m Jm 1\-J.( 

• M !. 
3Hepri-1R WA_j COCTORHI-111 /"t/ H K03¢¢H~HeHTbl t,{tjj"' lrl ¢ .. 1, HaXOARTCR 

nyTeM peweHJ-111 ypaeHeHHiii nc¢ AflR cenapa6enbHoro d~cTI-14HO-Abi
POI..IHOro eaalo1MOAeHciBHR/7~ Mbl np~~tBeAeM 3To ypaeHeHHe AflR cny-

4aR, KOrAa ¢OHOH Q+LM' HMeeT aHOManbHYIO 4eTHOCTb lo1 reHepHpy-
1 L -t -+ 

eTCR 0AH1-1M Tl-1nOM CnHH-MYflbT~nOflbHOro B3aHMOAealiCTBlo1R ~.\(r 1 ,r 2
): 

(AL) (AL) n P (ALl(AL>.n p 
(Ko + K 1 )(XLi(w)+XLi(w))- 4KO "1 "Li (w)XLi (w)=l. 

/5/ 

X n(p\w) ~ _1_ :£ n(p) 

LI 2L+1 jj' 

AL (-) 2 
[fjj' UJ() 'ii' 

f~.,-w2 

(-) 
u ,.= u .v.,- u.,v .• 
jj J J 

JJ 
uj , v j - K03¢¢r~~~r~eHTbl npeo6paaoeaHHf:l 6oronK>6oea;. f jj, - 3Hep

ntR AByXKBa3H4aCTio14HOrO COCTORHHR, f ;.1:. - npHBeAeHHblllt OAH04ac

TIIti..IHblali MaTpllt4Hblali 3neMeHT CnHH-MYflbTio1rionbHOrO onepaTopa. 3Hep

rlo11o1 MHOrO<J)oHOHHb\X COCTORHHH B nCcl» RBflRIOTCR npOCTO cyMMO~ 3Hep

n1H COCTaBnRK>~HX HX OAHO¢QHOHHb\X B036YM<AeHHH. 
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CnaraeMoe Hqph on~cMeaeT eaa~MOAeHcTe~e $OHOHOB 4eTHo-4eT
Horo R,qpa. 0HO ~MeeT cne,qy~~HH BHA: 

AL (+) 
1 + L-M f jj'Vjj" H h=- -- ~ (Q e(-) "r_ ) ~ B(jj'L-M)+h.c., qp 2..[2 LMi LMi -Mi jj' r .I yr-

. , , v L1 
B(jj'L-M)= :!: (-f +m <jmj'm'!L-M> a+ a.• •, !6/ mm' Jm J-m 

(AL) (ALj n(p) 
y"(P)= Y,n(p\ yP(n) I [K 0 -K 1 XLi I, 

L1 L1 L1 . (AL) (AL\ p(n) 
1-(KO +Kl 'JXLi 

' 2L+l a ' (+J YL.=--(-XLi(w))l , V, =U.U.o+V.V.oo 1 2 aw 'w~Li jj J J J J 

8 /6/ RBHO BblnJ.1C8Ha TOJlbKO 4aCTb H qph , CBR3aHHaR CO cn~o~H
MYilbTJ.otnO!lbHbiMVI cnaraeMbiMH 3tPtPeKTHBHbiX om. BblpameHHe A11R Mynb
THnonbHoH 4aCTH, BnO!lHe aHanorH4HOe npHBe,qeHHOMY, MOH<HO Ha~TH 
e pa6oTJt2/. BaaHMOAeHcTBHe H qph npHBOAHT K cMewHeaHHIO cocToR
HHH c paaHbiM 4HC!lOM $OHOHOB. B nepeoM npH6llHH<eHHH OTJlH4HbiMH 
OT 0 OK83biBaiOTCR MaTPH4Hble 3JleMeHTbl H qph Me)l(,qy COCTORHHRMH, 
OTI1H4'8IOU41o1MJ.1CR no 4HC1ly !J)OHOHOB HS OAYII;i, HanpHMep, 

+ + 
<'Po 0 LMi IHqph 1[0 >.1p. 1 i 1 ° >.21'2 i 2 JLM~o> ,lo. 

no,q4ePKHeM, 4TO B3aHMO,qeHCTBHe $OHOHOB He COAePH<HT HHK8Kio1X HO
BbiX ,qononH~1Te!lbHbiX napaMeTpoe no cpaeHeH~IO c lo1CXOAHbiM raMHilb
TOHHaHOM H/1/. BaaHMOAeHcTBHe $oHOHoe HaeecTHo, ecnH H3BeCTHbl 
napaMeTpbl HCXOAHOrO 3¢$eKTHBHOrO raMHilbTOHHaHa. 

Y1.1eT 1.1neHa Hqph npHBOAHT K paa6pocy CHJlbl o,qHo<J)oHoHHbiX co
CTORHHH 38 C4eT B3ai-IMO,qeHCTBYIR C 6onee CJlOH<HbiMH KOH!J)Hrypa~HR
MH. B H8CTORU4eH pa6oTe Mbl 6y,qeM Y4J.1TbiBaTb B3aHMO,QeHCTBHe TOJlb
~CO o,qHo- · \11 ABYX¢lOHOHHbiX COCTORHHH. no3TOMY BI-1A BOJlHOBOti ¢lYHK
~HH 6y,qeT cne,qyiOU4HH: 

!81 
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M~ 3AeCb B~nHC~BaTb He 6yAeM
1 

TaK KaK OHH HMe~T rpOM03AKHH 

BHA. 0Hio1 npi'!BeAeHbl B pa6ore 12/, 

PaclleTbt c cenapa6eJ1bHbiM(;I 3$¢eKTI-1BHbiMIII CI-1IlaMIII B ncct> 04eHb 

npOCTbl C Bbi414Cill-1TenbH0!.1 T04KH apeHHR. 8 TO me speMR peweHio1e 

ypaeHeHIIIR /8/, HaXOmAeHI-1e CTPYKTYPbl Ka>KAOrO H3 MHOr04HCJ1eHHbiX 

COCTORHI-11-1 'IJv(LM) H nOCJleAYIOU.IJ·'Ia:1 pac4eT pa3.m14HbiX ¢H3H4eCKHX Be

Jli.1'-IJ.1H C 3TV!MI-1 BOJ1HOBbtM\.1 ¢YHK~HRMH npeACTaBilRIOT C06oi:i 04eHb 

TPYAOeMKYIO aaAa4y. Ee MOmHo ynpocrHTb, ~;~cnonbaosae MeTOA c~;~

IlOBbiX ¢yHKU,HH, npeAJlOmeHHbUit B pa6ore/13/l-1 1-!HTeHCIIIBHO I-1Cn011b3ye

MbiH s pac4erax no KMct> csoHcrs RAePHbiX soa6ymAeHH~ 6onbwoH 
3HeprHH /CM., HanpHMep,/8/ /. 8 HaCTOR~eH pa6ore MeTOA CHJlOBbiX 

¢YHKU,HH npHMeHeH AnR pac4era ce4eHHH (e,e')-pacce~HH~ c soa6ym

AeHHeM COCTO~H~H /7/ . 
.QJlfl 60ilbWeH Harfl~AHOCT~ Mbl nocTpOHM C~IlOBYIO $YHK'"'~IO Ce4e

H~~ (e,e') -pacce~H\.1~ C B036ymAeH~eM COCTO~H~H "v(LM) 8 ni10CKO

BOI1H080M 6opH08CKOM np~6Il~meH~H /n6n/. lJ~CileHHble pac4eTbl Bbl

nOilHeHbl B MJ.16, 6 n5n Ce4eHHe B036ymAeH~.A OAH0$0HOHHOrO COCTO~-

H~~ QtMi'IJ0 a (e,e') -pacce~HH~ c nepeAaHHbiM HMnYilbCOM Q aan~-
CblaaeTc~ a B~Ae 

191 

rAe NL. (i). ,}) f) - K~HeMaT~4eCKHH MHm:n1Teilb, 3aBHC~W.~H OT ~MOYilb-
1 l ..... ..... 2 

COB naAa1011.1ero (pi)~ YileTaiOIJ.Iero (pf) 3IleKTPOHOB; FLi (q) - $OpM-

(J)aKTOP B036ymAeH~.A OAHO(J)OHOHHOrO COCTO~H\.1~. CTPYKTypa OAHO$O

HOHHOi1 !30IlHOBOH $YHK'"'Io11o1 BXOAHT B F.L. (q~ 4epe3 KOHBeK'"'~OHHYIO 
c m ' 

PLL(r) ~ MarHio1THYIO -pLL(r) TOKOBble nepeXOAHble nilOTHOCT~*. ToKo-

Bble nepeXOAHble nilOTHOCT~ .ABil~IOTC~ Illo1HeHHb1Mio1 !J>YHK'"'H~MI-1 aMnilHTYA 

1/Jti, lo1 c;b~~ /14/, $OpMcJ>aKTOp FLi (q2), B CBOIO 04epeAb, Jl~Hei7!HO aa

BHCHT OT llp~~(r). no3TOMY $OpM$BKTOp F~(q 2 ) COCTO~H~.A 171, eC

Illo1 Y4HTbiBBIOTCfl TOilbKO OAHO$OHOHHble KOMnOHeHTbl 'I' (LM), HMeeT Blo1A 
v 

/10/ 

Tenepb BBeAeM Clo1110BYIO $yHK'"'HIO b
2
(da/d!l,71), KOTOpyiO onpeAei11o1M 

C OQMOW,biO COOTHOWeHio1fl 

/11 I 

* 3ap~AQBb1H 06MeHHbli:1 TOK B HaWHK' paC46TaX JlBHO He Y4~TbiBai1Cf1, 

5 



8enH4MHa (du/dfl)Lv- Ce4eH~e B036Y~AeH~~ COCTORHM~, OnMC~Bae
MOrO BODHOBO~ ¢YHK4~e~ /]/. HcnOJ1b3YR AD.R ¢opM$aKTOpa 3TOrO 
COCTO.RHVI~ BblpameHvte /l-0/, MO)f{HO Ha.nvtCaTb Afl.R b

2
(do/dfl,q) cne

AYIOI.Liee Bbrpa)f{eHHe: 

<h· !!. I 2 1/2 2 bi-.~)=- ~ I ~ R.(Lv)F .(Q )N . (p , p ll· /12/ dO 2 17 v (7]-1'/L)'\.62;4 1 
1 

LI L1 1 r 
8 pa60Tax/6,12/ noKa3aHO, 4TO HMeeT MeCTO COOTHOWeHHe 

2 a :'f <~J -1 Ri(Lv)=-[---J I 
a~ Mii (~) ~~Lv 

/13/ 

r,Qe M ii (q)- COOTBeTCT-BYIOUV111 MHHOP onpeAeJlHTen.R H3 ypaaHeHvtfl /8/. 
0CHOBbiBa.RCb Ha ¢OpMyJ1e /13/ f.1 aHaJlVITH'-IeCKVIX CBm1cTBaX ¢YHK4H~ 
5= (71 ) H M ii (q), BbrpameHvre I 12/ MOmHo npeo6pa3oaaTb K cneAYIOuteMy 
BI-1AY: I ' ~ . !!. 1 2 1! 2 ~ .~ ii'Mii'(~+l2)NLi NLi' FL/q JFLi'(q J b

2
(.i.!!., ~)=.lim I_;;_ __ 

d{) rr · :'f (~+it!./2) 
I. /14/ 

B~pa)f{eHHe /14/ YA06Ho TeM, '-ITo ycTpaHReT Heo6xOAHMOCTb Ha
XOAHTb ace KOpHVI ypaaHeHHR /8/ H CTPYKTYPY Ka}f{AOrO COCTORHHR. 
$yH-K4HR b2(da/d0,7J) onHCblaaeT xoA ce4eHHR Heynpyroro pacceRHHR 
3DeKTPOHOa 8 3aaHCJ.1MOCTH OT 3HeprHH B036YmAeHHfl 71•8enH4HHa HH
Tepsana .1, no KOTOpoMy 11 pa3Ma3biBaeTCR 11 Ce4eHHe B036Y~AeHHfl 
AaHHOrO COCTO.RHHfl '11/LM), OnpeAe!lReT CTeneHb ,QeTaJ1bHOCTY1, Ha 
KOTOpyiO npeTeH,QYIOT paC'-IeT~. npHH4Y1n~ abt60pa BeiU141-1Hb1 [\, BJlH.RHJ.1e 
KOHKpeTHOrO 81-!Aa BeCOBO~ ¢YHK4HH /a /11/ a3RTa nopeH4eBCKa.R 
¢YHK4HR, MO}f{HO HCnOJ1b30BaTb rayccoay Y1 ,Qpyr1o1e/ nOAP06HO o6cym
AaiOTCR B pa6oTe n.A.Manoaalt5/, 

§3. BbiCOKOnElKAIJIH~ M 1-PE30HAHC 
8 OPl16nHlKEHH11 CllYYAtiHO~ <I>A3bl 

PaccMOTPHM cHa4ana, '-ITO npeACKa3braaroT OTHOCHTe11bHO aepoRTHo
CTJ.1 a036y)f{,QeHJ.1R BbiCOKOJle}f(aUJ,HX M 1-COCTORHH~ B (e,e") -pacce.RHJ.1Y1 
Ha 60J1bWI1e yr!lbl pac'-leTbl, ablnOnHeHHble C MO,QeJ1bHbiM raMHJlbTOHHa
HOM /1/ B OC<f>. 

CTPYKTypa O,QHO¢oHOHHbiX 1+-cocTORHH~ onpe,QenReTc.R ABYMR cna
raeMbiMH 3¢$eKTHBHb1X CnHH-MYJlbTHnOJ1bHbiX CHJl - npOCTblMH CnHHOB~
MH H Cn~H-KBaApynonbH~MH CHJ1aMH: 

v1 + v1 << -; )-.1..< (01) (01f>~ )~ ~ aO a 2 1' 2 - 2 K 0 + K 1 t' 2 a 1 a 2 + 
/15/ 
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BK.naA B CTpyKTypy 1 + -coCTOJtHI-1171 c.naraeMbiX V \ H V 1
2 

(f t'f 
2 

) 

HCC.neAOBa.ncR B pa6oTaxl16,17/. C.naraeMoe v12(a r;~t2) 0
Heo6XOAI-1MO 

YI.II-1Tb1BaTb npH 3HeprHRX B036Y)t(AeHHR E:z> 1~+15 M3B. BK.nl04eHHe 

cn~H-KB8ApynonbHbiX CH.n npi-1BOAHT K nORB.neHHIO npH 3HeprHRX Ex> 

>20 M3B Kon.neKTI-1BHbiX 1+-cocT~R7"'t1, OTJ1HI.Iai0~1-1XCR, OAHaKo, Ma

.nolll ee.nlo141o1HOIII B(Ml, o;.s:- lr) 
17 • B paC4eTaX TOJlbKO c Clo1J18Mio1 

Va~ , KOTOpble Heo6XOA1-1MO Y4HTbiB8Tb A11R 8AeKB8THOrO Oni-1C8H\.IIR 

o6bi4Horo Ml-peaoHaHca, ace 1+-cocTORHI-1R c 3HeprHet1 Ex>10 M3B 

no.ny4aiOTCR 4HCTO ABYXKea3H4aCTH4HbiMH. OnpeAe.nRIO~ee e.nHRHI-1e 

Ha CTpyKTypy COCTORHHH C E:z> 10 M3B OK83b!BSIOT OtJ1bl VJ 2
• 

3Ha4eHio1Jl KOHCT8HT K&AL) 1o1 KiAL) 8bL6p8Hbl H8 OCHOB8HI-11-1 Ot..leHOK 

pa6oT/u/ 

(ALl 4 rrx 28 M:>B 
K 1 = - 2A ---""'2X . /16/ 

:A<r > <I>M A 
B Aa1lbHet1weM· 3Ha4eHI-1R KOHCTaH~ K ~ ·~>. pacci.II-1TaHHble no $OpMyne 

/16/, 6yAeM o6oaHa4aTb K&~> . A.nR '3¢xl>eKTI-1BHbiX r_I-1POMarHHTHbiX 

¢aKTopoe Bbl6p~Hbl c.neAYIOU4H'e 3Ha4eHI-1R: g: ==0,8g~ree ,g£ = g~ree 

npHBeAeHHble 3H84eHHR napaMeTPOB n03BOJ1RIOT YAOBJ1eTBOPio1Te.nbHO 

onHcaTb 3Kcnepi-1MeHT81lbHble ASHHble o Ml-1-1 M2 -peaoHaHcax e 58Ni, 

Ml -paAH841-10HHbiX cHnOBbiX ¢YHK4HRX e .RApax c A= 140, o M2-

pe3oHaHce a 90 Zr , 140ce , ~ospb /4,18/, 

3HeprHio1 OAH048CTio14HbiX COCTORHI-1171 H 0AH048CTH4Hble BOJlHOBble 

¢YHK4HH e noTeH41o1ane ByAca-CaKCOHa c napaMeTpaMH 4enypHoea/19/ 

pacc41o1Tb1Ba.nlo1cb c noMO~biO nporpaMMbl REDMErf2o(s pac4eTax y414-

Tb1Ba.nHCb ace CBR38HHble lo1 KBa31o1CBR38HHble c WHPHHOIII r -~ 0' 5 M3B 

HeiiiTpOHHble lo1 npQTOHHble OAH048CTH4Hble COCTORHio1Fl. nocKOJlbKY npo

rpaMMa REDMEL no3eonReT pacc4HTb1BaTb TO.nbKO TaKHe KBS3HceR-

3aHHble COCTORHJ.IIR, y KOTOPblX E Nfj >>f, cpeAH KB83HCBR38HHbiX CO

CTO.RHHt1, y4HTbiBaBWio1XCR B HaWHX pac4eTax, npeo6J18A81llo1 COCTORHH.R 

C 6o.nbWHMH yr.nOBbiMI-1 MOMeHT8Mio1, AJ1R KOTOpbtX BbiCOK 4eHTpo6e)t(Hbli::1 

6apbep /eM, pa6oTy/12~rAe A8H OPHMep OAH048CTI-14HOIII cxeMbl B no

TeH41o1a.ne ByAca-CaKcoHa, pacc41-1T8HHoH c noMO~biO nporpaMMbl 

REDMEL/. non Hoe 4HCJ10 OAH048CTio14HbiX ypoeHeH' KOTQpble Y41o1Tb1-

ea.nlo1Cb e pac4eTax a RAPe 208 Pb, - 34 HeHTpOHHbiX 1o1 37 npoTOHHbiX. 
' + 

no.nHoe I.IHC.nO no.ny'-leHHbiX C 3Tio1M cneKTpOM lp-lh COCTORHHi1 C L 17 = 1 

8 lo1HTepea.ne 0 .<E :z.<35 M3B . B 3TOM RAPe - 64. rHcTorpaMMa nilOTHQ

CTI-1 lp-lh COCTORHHH H306palKeHa Ha pHC. 1a. 

Ce4eHI-1e B036y)t(AeHI-1Fl OAHO¢OHOHHbiX 1 +-coCTORHI-1~ B (e,e' )-pac

CeRH~~ H83aA p8CC4HT~Ba.nOCb MeTOAOM lo1CK8)t(eHH~X BOJlH C noMO~biO 

MOAH<I>H4HPOBaHHbiX nporpaMM TyaHa H AP/21/ H nH/22~ RBHbiH BHA 

p{_L(r) H Pr,'L(r) B paMKax K<I>M npHBeAeH B pa60Te/14/. 

Peay.nbTaTbl pac4eTa (do/dO) 1t a RApe 
208pb np~ sHeprHH Ha-

neTai01J.4HX s.neKTPOHOB E 0 =60 MsB 1o1 yr.ne pacceRHYIR 0= 180 ° /4TO 

cooTeeTCTayeT ycna:a~fiM sKcnepY~MeHTa/s/ I lo1306pa>KeHbl Ha p1o1c. 16-r/ 
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PHc.I. Op;Ho!POHOHH&Ie J+-coCTORHHJI 
.R:p;pa 208Pb: a/ 't!HCJIO lp-lh COCTQR

HH:ti c L"= 1+ Ha HHTepB'a.ne 6.E x = 
= 1 MsB xaK ~YHKQHR 3HeprHH aoa
O~eHHR Ex ; 6/ Ce'tleHHR aog6yi
p;eHHa 1+- COCTORHHH B (e,e )-pac
CefiHHH rrpH E 0 = 60 M9B H () = 180; 
K<1

21l.;(
1C

21) /eM. <!>opMyny /16//; 
B/ TO ~e CaMoe, 't!TO Ha pHc,l6, 
npH i:1&0,5Ki21); r/ TO }Ke caMoe, 
'liTO Ha PHC.l6, npH K(:l)=-0,1Ki21), 

AnR paaHbiX aHal4eHa ... u1 K(il), BnnoTb 

AO 3Ha4eHHH K(1
21) ... 0,1K i21) /eM. 

<!>oPMYilY /16/ I MO>KHO Bbl,qe!lHTb TPH 
o6naCTH 3HeprHH Bo36Y*AeHHR Ex, 
rAe pacnono*eH~ 1+-cocTORHHR, 
HHTeHCHBHO B036y)l{.qaiO~HXCR B (e,e' )-

30 Ex,M38 -pacceRHHH Ha3aA: 

1 • CocTORHHe c aHepn1ei:1 aoa6y)f{AeHHR Ex= 7, 8 M3B. 
2, rpynna COCTORHVH1 C 3HeprJ.1ei:1 15,5 .<Ex< 21 , 5 M38, 
3. tocTORHHe c 3HeprHeH Ex~ 24 MaB. 
06CYA~M cTpyKTYPY ~ caoHcTBa 3THX aoa6ymAeHHH. YpoaeHb 

c 3Hepn..,eH Ex= 7,8 MsB - 3TO o6bt'-1Hbli:1 Ml-peaoHaHc. Hbl He 6y
AeM paccMaTp~saTb ere noAP06Ho. OrMeT~M TonbKo, '-ITO ~3MeHeH~e 
K f21) cna6o orpamaeTCR Ha ero caoHcTaax. 

nonomeHl4e ar·opoH rpynnbl coanaAaeT c nonomeH~eM MaKC~MyMa 
B pacnpeAeJ1eHHH OllOTHOCT~ lp-lh COCTORHHH. CrpyKTypa COCToR
HHi1 3Tm1 rpynnbl of3paaoaaH? OAHo'-lacnt4H-blMH nepexoAaMitl 4epea ABe 
OC~HJ1J1RTOPH~€ 060J10'-IKI<1. CpeAH H~X eCTb KaK KOJ1J1eKTHBH~e, TaK 
H HeKonneKT~BHble. C HaH60J1bWei1 ~HTeHC~BHOCTb~ B036Y>KAa~TCR He
KOJlJleKTHBHble 1~-lh COCTORHHR THna (N+l, £ ,j; N, f ,j ). YMeHbWeHHe 
KOHCTSHTbl [K(fl [ He Bbl3b!BaeT Cy!J4eCTSeHHbiX HHTerpailbHbiX H3MeHe
HH~ a 3TOi1 rpynne ypOBHe~. KoHe4HO, CTPYKTypa OTAellbHbiX co
CTORHHH /B nepBy~ 04epeAb KOlllleKTHBHbiX/,aaMeTHO H3MeHReTCR, 
H3MeHR~TCR H HX BepORTHOCTH B036Y~AeHHR. Ho BCe H3MeHeH~R npo
HCXO~RT BHyTpH CSMOH rpynnbl, He 3aTparHGaR ee OOflO>KeHHR KSK 
~enoro H Mana MeHRR nonHy~ aepoRTHOCTb aoa6Y»<AeHHR. 

8CR CHJ1a nepeXOAa B TpeTbeH rpynne COCTORHHH CocpeAOT04eHa 
npaKTHI.feCKI-1 Ha OAHOM yposHe, HMeiOU4eM npY! K ( 21)= K (21) 3Hepnuo 1 1 
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Ex= 30,4 M38 /eM. p1;1c.l6/. 3To CHilbHO KOJ111eKH1BI431;1poBaHHOe 

COCTO.AHHe. 6 era CTpyKTYPY ASIOT 3aMeTHblt1 BKJlaA MHOrHe lp-lh 

KOMnOHeHTbl c M= 2 1-1 6.j=l /T.e. OHH OTBe4aJOT OAHOl.lacTI.-14HbiM 

nepexoAaM c nepesopa4HBSHHeM cnHHa/. Era MOmHo conocTaBJ;lTb 
C KOil!leKTHBHbiM COCTO.AHHeM C 3Hepr1;1e~ Ex= 25,16 M38, 06Hapy

)f(eHHbiM e pac4eTax no Teopa.nt KOHe4HbiX ctJepMI-1-CIIICTeM/2{nono}f(e

HHe 3TOrO COCTORHHR 4YBCTBHTe!lbHO K ae!lH4J;1He KOHCTaHTbl Ki 2 l) 

/aHanont4Hblt1 ¢aKT OTMe4a!lc.A 1-1 aeTopaMa.t /2/ I. YMeHbWeH!-1e !K(~l)l 
npV~BOAIIIT K yMeHbWeH~-tiO Ex• H npH Ki21~i((21).Q,l /pHc.lr/ 3TOT ypo

seHb Bn!lOTHyiO npvt6!1}.1)1{SeTC.A K o6CY>KAaa1we~C.R BbiWe BTOpoi:i rpynne, 

a CTpyKTypa era nepecTaeT 6btTb KOJ1IleKTHBHOVi. 3Ha4eHHe 3HepnH1 

3Toro COCTO.AH~R, nony4eHHOe B pa6oTe/2/, BOCnpo~3BOA~TCR B Ha

WI-1X pac1.1erax np~-1 K~21)= 0~3+ 0,25i< f 2 ~YBCTBit!Tei1bHOCTb E :r. KonneK

THaHoro COCTOFIHY!R K BeJ1H41-1He K-i2l) 06"'bRCHReTCR TeM, '-ITO OHO 

HaXOAI-1TCR B 06JlaCn1 MaJlO~ nnoTHOCTIIl lp-lh COCTORH~i:1 C L11 = 1+ 

/PHC, la/*, 
XorR KOilJleKTHBHOe cocroRHIIle c 3HeprHe~ E ::r. = 30,4 M3B, KaK 

yme OTMe4ailOCb, BO MHOrOM nOXO>Ke Ha COCTORHII1e C Ex= 25,16 M38 

H3 pa6oT~ WneHTa Ill AP./2/, CTPYKTypa ero AOilmHa CHilbHO OTI1H-

4aTbCR OT nocneAHero. rnaBHbiH BKJlaA 8 CTPYKTypy AaiOT lp-lh
KOMnOHeHTbl, o6pa30BaHHble C Y4aCTHeM KBa3HCTal..lHOHapHb1X 0AHO'-IaC

TH4H~X ypOBHe~, I-1Meto~HX 60J1bWO~ yrnoaoH MOMeHT. 8 OAH04BCTH4-

HOM cneKTpe, HCnOJ1b30BaBWeMCFI 8 pa6ore/2~ 3TH COCTORHHR OTCYT

CTBYIOT, Apyro~ BHA HMeer H roKoaaR nepexoAHaR nnorHocrb /Tnn; 
3Toro COCTOFIHHR. l-13 pi-1C. 2 BI-1AHO, 4TO OHa l4MeeT o6"'beMHbl~, a He 

noaepxHoCTHbiH, KaK s/20apaKrep. Ha p~r~c.2 ~r~go6pameHb1 raKme 

rnn ABYX Apyr~r~x BbiCOKOJle>Ka~HX t+ -coCTORHYIH c 3Hepn1RMH aos6y>K-

AeHio1R Ex= 19,2 1r1 19,8 M38. 06a OHH raK>+<e HMetoT o6beMH~e 

Tnn, XOTFI CTpyKTypa HX BeCbMB pa3JlH4HB /nepsoe- KOilJleKTHBHOe 

COCTORHHe, BTOpoe- H6KOJ1JleKTHBHOe/. 0TMeTHMJ 4TO Tnn t+-co

CTOFIHH~, 06pa3y~HX o6~4H~~ M1-pe30HaHC, Y HaC nony4aiOTCR no

aepXHOCTHblMH /14~ KaK H y aBTOpOB/2/. 

06pa~aeT Ha ce6R BHHMaH!f1e 60J1bWaR pa3HH~a 8 nOBeAeHHH ABYX 

KonneKTHBHblx rnn cocTo~HHi1 c E,= 30,4 M3B H E,= 19,2 M3B/pHc.2/. 

XapaKTep OC~~nnR~HH TnO COCTORHHR C Ex= 19,2 M3B np~BOA~T K To

MY, 4TO oHo cna6o soa6ymAaeTcR a (e.e')-pacceRH~~ Ha3aA np~ He-

6onbWHX nepeAaHH~X ~MnynbCaX. 0p~4~Ha ~THX OCQHnnRQHi:1 8 TOM, 

4TO Tnn pa3nH4H~X lp-lh KOMnOHeHT, Aa~HX BKDBA 8 ero CTpyKTy

py /OHH H306pa>KeHbl Ha pJ.~~c. 2 nyHKTHPOM/, CKilBA~BaJOTCR a npoTH

eo~a3e. AnR coCTORHHR c Ex= 30,4 MaS npoHCXOAHT KOHCTpyKT~BHaR 
HHTep~epeH~HR cocraenR~HX ero K0MnoHeHT. 

*CTOHT OTMeTHTb, 4TO, eCnH »CnOI1b30B8Tb 0AH04aCTH4H~~ cneKTp 

H3 pa60T~ /2/,npH 3HeprHRX Ex> 21 M38 HeT HH OAHOrO 4aCTH"4HO

AbiP04HOrO cocTORHHR c L" = 1+ • B I 1/ o6peaaHHe OAH04aCTH4Horo 6a-

3Hca e~e CHJlbHee. 
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PHC. 2 • TOKOBbie nepeXO,!J;Hbie 
llnOTHQCTH OAHO¢IOH0Hffi,IX 

1+ -coc TORHHH H,IJ;pa 208 Pb 

• ":"~ 
~· f"~~--.---.r-.~~.co. .•. 

::;:-10 

I cnnomH&re JIHHH:H:/. UH®>aMH 
·0503Ha'tl€Hb1 SHeprHH B036YJK

,!J;€HHR COCTOHHH~ B MsB. 
TiyaKTHPHhle nHHHH - Trrrr 
1p-1h KOMIIOH€HT, ,qalO~X 
rJiaBHhlft BKna,IJ; B CTPYKTYPY 
KOJIJI€KTHBHbiX I Ex= I 9' 2 
H 30,4 MsB/ YPOBHeH. 

.,; 

" 
AHanon14Hble Ka4eCTBeHHbte peaynbTaTbl nony4aiOTCR 111 ,Q11.R R,Qpa 90 Zr, 3,QeCb TSK)f(€ Bbt,QeJlRIOTCR TpH rpynnbt 1+-yposHeii, l-1HT€HCHBHO 

B036y)I(,QSIO\.I.IIo1XCR B (e, e') -paCCeRHHI-1 HS38,Q, 0,QHaKO 4HC.fl0 COCTQR
HHH, o6pa3YIO\.I.IHX BTOPYIO rpynny, ropaa,Qo MeHbWe, 4€M a 208pb, 
3TO CBR3SHO C ropaa,QO M€HbWei1 paaMepHOCTbiO 6a3HCa ,QHCKP€THMX 
H KBa3\.1,QHCKP€THbiX YPOBHeH c ENfj >> r B 3TOM R,Qpe. B 90Zr y4eT 
HenpepMBHOH 4aCTH O,QH04aCTio14HOrO cneKTpa AOn~eH OKa3aTbC~ 5o-
nee ea>-X"HbiM, 4eM e 20S.pb, 

'TaKI-1M o6pa30M, y}f(e B pac4eTaX MeTOAOM CllY4ai1HOI1 ¢a3bl Mbl 
nollY41-1llH e paMKax KC!>M KapT1-1HY B036Y)!(AeHI-1~ BbiCOKOJle}f(a~I-1X 1+
COCTORHI-1~, KOTOpaR CI-1JlbHO OTJlH4aeTCR OT nony4eHHO~ B pa60Te/2/ 
Bo-nepeblx, HaPRAY c CHllbHOKonneKTI-1BI-131-1poeaHHbiM 1+-cocTORHHeM) 
HMetoll.II-1M 3Hepn110 Ex= 25+30 M38 /e aaei-1CI-1MOCTJ.1 OT eem141-1Hbl K l21 I, 
B (e,e")-pacce~HHI-1 Ha3aA I-1HTeHCHBHO B036Y}f(AaiOTCR HeKOTOPble He
KOJ1JleKTI-1BHble ypoBHI-1 1-13 J.1HTepeana 15 .<E x<21 M38. KpoMe Toro, 
CTPYKTypa BbiCOKOJle}f(all.lero KOllJleKTHBHOrO 1 +-COCTORHHR noJly4aeTC~ 
B HatllHX pac4eTax APYro~' 4eM y WneHTa 1-1 AP .I 21. nocneAHI-111 ¢aKT 
CBR3aH, CKOpee Bcero, C pa3Jli-14He~ OAHd4aCTI-14HbiX 6a31-1COB. 

§4. Bn~~H~E B3A~MOAEACTB~~ 
01\HO- H 11BYX<I>OHOHHbiX COCTO~HHA 
HA BbiCOKOnEJI{AIU~A Ml-PE30HAHC 

PaccMOTPI-1M Tenepb, KaK I-13MeHRTC~ peaynbTaTbl, nony4eHHble 
B npeAbiAYll.leM nciparpa¢e, eCill-1 y4eCTb ¢lpanoieHTa~HIO 0AHO¢JOHOHHbiX 
1+- COCTORHH~ BClleACTBHe I-1X eaaHMOAei1CTBI-1R C ABYX¢lOHOHHbiM~. 
np1t1 3TOM Mbl lo1CnOJlb3YeM ¢lopMa!li-13M, H3JlO)f(eHHbli:1 B §2. 

<J>opMyJlbl §2 nony4eHbl B npeAnOllO~eHI-1111, 4TO ¢lQHOHHble onepaTO
pbl YAOBneTBOPRIOT 6o30HHbiM KOMMYTa~HOHHbiM .COOTHOWeHHRM, T. e, 
Mbi.He npHHHMalll-1 80.BHJ.1MaHJ.1e ¢epMJ.10HHYIO CTPYKTypy $0HOHOB.Ecn~, 
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ocTaBaRcb a paMKax rex me np~tt6n~r~meHH~, crpoHTb AByx-, rpex
¢oHOHHbte COCTOfiHHR, TO Mbl HapyWt.1M nplt!Hl\l•'ln naynlll. noc.neAOSa

TeilbHbtH y4eT np111H41r1na nayJU1 B paMKaX K¢M AilR COCTORHio1i:1, Oniii

CbiSaeMbiX BOilHOBOH <f>YHK~llle~ /]/, BbtnOilHeH B pa6ore/23/.0AHaKO 

4lo1CJleHHble paC4eTbl, B KOTOpb!X 3¢l¢eKTbl aHTHCJ.1MMeTpH3aU,HJ.1 MHOro

cf>OHOHHb!X COCTORHHH Y4TeHbl TOI.lHO, BeCbMa rpOM03AK\.II. no3TOMY 

Mbt orpaHHI.IHI1H.cb reM, 4TO 1-13 scex soaMO}I{HbiX ABYX¢>oHOHHbtX KoM

noHeHr BOilHOBOH ¢YHKU,Itlltl /]/ Y4HTb1Bai1H TOilbKO TaKHe, B KOTOPb!X 

0AV1H lr13 $OHOHOB ~ . , Q\ . 06fl3aTe!lbHO KOilJ1eKTHBHb1'1. 

1~11 1 ::1'2 1 2 
CneAyer noA4epKHYTb, 4TO AilR raKHX KOMnoHeHr 111 saaHMOAeHcrsHe 
C OAH0$0HOHHbiMlo1 COCTOAHHAMH ABil.ReTCR Ha1o16011ee CHJlbHbiM. KoH

CTPY~-'~PYfl ABYX$0HOHHble KOMnOHeHTbl, Mbl Y4~Tb1BaJU.1 BCe $0HOHbl 

c 1 ± ' 2 ±' ... '7 ± J.1 3Hepr~elo1 B036y)I{,QeH~R ((.) .\i .:::; 30 M38. non Hoe 

I.I~C110 ABYX¢lOHOHHbiX COCTORHJ.1t1, B3a~t~MO,Qet1cTBI-1e C KOTOpbiMJ.1 Mbl 

y4~t~T~aan~t~, cocraanRno 470. B OAHO¢lOHOHHot1 1.1acrH aonHoao~ <PYHK

u,H~t~ /7/ Y4J.1Tb1Ban~t~cb 14 ¢oHOHoa c L" = 1+ J.1 Ha~t~6011bWHMJ.1 3Ha4e

H""M" (da/d!l) 1+ "3 "HTepeana 15<E,<32 M3B. !1ne ynpOIJleH"" 
pac4eroa np~t~ ~bl4~t~cneHHJ.1 CTPYKTYPbl BbiCOKone)l{atu,Hx 1 +-ypoaHei1 

y4HTblsanacb TOilbKO cnt.1H -Ksa,QpynonbHaR cocrasnRKltu,aR ocraro4Horo 

B3a~MO,Qet1CTBJ.1R /15/. 

PeaynbTaTbl pac~..~eroa AilR R,Qpa 
208

Pb np~t~se,QeHbl Ha p~t~c.3. Ha 

3TOM )l{e PHCYHKe npe,QCTSBJleHbl pe3yJlbTaTbl pac4eTOB B nc<I>.AnR YA06-

craa cpaBHeHHR Mbl J.1306pa3J.111J.1 HX He B BH,Qe Ce'-leHHiil B036Y>I<AeHJ.1fl 

OT,QeJlbHbiX O,QH0$0HOHHbiX COCTOFIHHiil, KaK Ha PYIC. 16-r, a nOCTpOH-

JlH CHJlOBY~ ¢lyHKU,J.1~ 

bda "'" 1 da 1<ctn·~l=--"- <dn)L;' 
2rr i (wLi-~)2+t,2j4 " 

r,Qe ce4eH~t~fl (da/dO)LipaCC'-IHTaHbl B nc¢. BeJlH4J.1Ha !'J. Bb16paHa paa

HOH 0,5 M36 np" pac"eTe KaK b2(da/d!l.~). TaK " b jda/d!l ,~). 
CpaaHeHJ.1e KPHBbiX Ha PIIIC. 3a J.1 36 noKa3biBaeT, .4TO B3aHMO,Qeiii

CTB~t~e OAHO- J.1 ABYX¢JOHOHHbiX COCTOR'Hvti1 Mano I-13MeHFieT pe3YJlbTaTbl, 

nony4eHHble a §3. H1o1 no.no)l{eHHe peaoHaHca, HH o6nacTb ero noKa

n~t~aau,~t~H 3aMeTHO He H3MeHRKlTCR. 3TO B paeHoi1 Mepe OTHOCHTCR KaK 

K rpynne COCTORHHait J.13 J.1HTepsana 17 .< E :r.·< 22 M38, TaK H K ABYM 

KonneKTJ.1BHbiM cocroRH\.1FIM c E ::r. = 27 M3B /Ha p1o1c. 3 pac1.1er Bblnon

HeH np~ KCf 1)= 0,5K f21) I. KoHe4HO, HeKoropaR ¢parMeHrau,YIR O,QHo

¢oHOHHblx 1+-cOCTOFIHHiil BH,QHa, HMeHHO 6naro,QapR et1 aMnJl~Ty,Qbl 

CVIJlbHbiX nHKOB $YHKU,J.1J.1 b lrt) 3aMeTHO MeHb-We, 4eM b 1(7])• 0,QHaKO 

<f)parMeHTaU,HR npOHCXO,QHT JlVIWb nO He60ilbWOait o6JlaCTI-1 B6JlJ.13J.1 O,QHO-

u ,\ i + 
¢lOHOHHOrO COCTORHHR. AHaJlJ.13 MaTpW·IHbiX 3JleMeHTOB A 1. 1(1 i) TaK}I(e 

:!2 
noKa3blsaer, 4TO aaaHMOAeaitcrs~t~e Hqph- cna6oe. Bee 3TH pe3ynb

raTbl npaKTJ.14eCKJ.1 He 3aBJ.1CFIT OT BeJU14HHbl KOHCTaHTbl K\21). 

AHa.norH4Hble peaynbTaTbl nony4aKlTCR 1-1 AilR R.Qpa 
90Zr /plo1c.4a,6/. 

3,QeCb TaK>I<e B3aJ.1MO,Qe~CTBJ.1e O,QHO- \.1 ABYX¢lOHOHHbiX COCTOFIHir!ait 
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PHc. 3. CHJIOBbre iPYHKIJ;HH sepoJIT
~ B036y~eHHR COCTOHHHH 
c L17 =1+ R,r:t;pa 208Pb B (e,e" )-pac
ceJIHHH npH EO"" 60 M3B H 0= 180°; 
fl= 0,5 M3B, K\21b0,5K\21); 'a! pac
qeT B TIC~; 5/ pacLJ:eT c yL~eToM 
B3aHMO,r:t;ei::f:CTBHH O,r:t;Ho- H ,r:t;BYX$o
HOHHhlX COCTOHHHH. 
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PHc. 4. CHnOBbie IPYHKtiHH BepoHT
HOCTH B036~eHHH COCTOHHHH 
c L" = 1+ R.n;pa 9!>lr B (e,e")-pac
ce.aHHH c E0 =60 M3B, 0= 180°; 
i\~0,5 MoB, K(AL)=;(

0
(ALJ,a/ pac-

/ 
0, I , I 

qCT B Jl.CefJ;5 pacLJ:eT C y'l.leTOM 
B3aHMO,r:t;eHcTBHH O,r:t;Ho- H ABYX¢o
HOHHbJX COCTOHHHi::f:. 

" + C :r_; =1 OKa3b1BaeTC.A cna6biM, XOTR aMnJU1Ty,Qa rnaBHOrO n1-1Ka Clo1110BOI:::t 
$YHKLtl11o1 b1(17) yMeHbWaeTC.A ,QOBOllbHO CHJlbHO. Ho On.RT'b, KSK 11 B 
RApe 20BPb, He 113MeHR~TCR HH nono*eHHe, HH sen~4~Ha o5nacT~ no
Kan~aa~~~ peaoHaHca. 

§5. MACKHPYIO!llEE BflHRHHE M2-H M3-B036Yil/lEHH~ 

TaK~M 05pa30M, 838~MOAe~CT8He OAHO- ~ ABYX¢OHOHH~X COCTO~
H~~ OKaaanOCb CnHWKOM cna6~M, 4T06~ 06DRCH~Tb HeyAa4y 3KCnep~
MeHTa 8yAB8PA8 H neTepcoHa/S~ no-B~AHMOMY, 0AH8 H3 npH4HH OT
pHU,aTenbHOrO peaynbTaTa nmtcKOB BbiCOKone>~<aw.ero Ml -peaoHaHca 
38Kn~48eTCR B TOM, 4TO pacnpeAeneHHe eepORTHOCTH B036Y>I<AeHHR 
1+-cocTORHIII~ a (e,e')-paccef!HHH HaaaA npH 3HeprHRX Ex> 15 MaS 
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PHc.5. CHnOBhle ~yHK~HH aepOHTHOCTH B036~eHHH 

O~H04;loHOHHbiX COCTO.RHHH c L rr,.. I+' z-' 3 + .Rgpa 208 Pb 

B (e,e')-pacceHHHH npH Eo= 60 M3B, 8= 180°; cnJiom

HaH JUiHHH - Ml -cocTORHHR, mTpHx-nyHKTHpHaR - M2-

coCTOHHH.R, illTPHXOBaH - M.3 -COCTOHHHHo 

OTilH4aeTCR OT TOro, 4TO O>KI-1Aain1 06Hapy>+<HTb 3KCnep~-tMeHTaTOPbl. 

KpoMe Taro, TeopeTH4eCKHe npeACKaaaHHR o een~t~4HHe 3Hepr~t~H 

B036Y>KAeHJ.1R BbiCOKO!le>Kall.lerO KOJl!leKTHBHOrO Ml-cOCTORHI4R Heonpe

Ae.neHHbl \.1 He I-1CKill04eHO, 4TO OHO HaXOAHTCfl BbtWe \.1CC!leAOBaHHOI7t 

B pa5oTels/ o5nacT~ E ,/19 <E,<25 M38/. noA4epKHeM TaK>Ke, 4TO 

nony4eHHaR HaMH sepOATHOCTb B036Y>KAeHHR 3TOro COCTORHHR Ailfl 

pa3HbiX 3Ha4eHvti:i K(1
21) MeHReTCR B npeAeJlaX 55+70 H6/cp, YTO 

a 2, 4-4 paaa t.,eHbwe eem14HHbl, nony4eHHoH a· /2.(Ho ecTb 111 e~e 

OAHa npiiiYY'IHa, CY111bHO 3aTPYAHR~~aR 06HapymeHHe VI HAeHTH$HKS~I-1~ 

BbiCOK011ema~HX Ml -cocTO.RHHa:i, HS KOTOpOi::i Mbl OCTSHOBHMCR nOAP06-

Hee. 

Ha P~C. 5 Mbl "ao5pa3"11~ HaPRAY C C~l10BO~ <!>YHK~~e~ b 1(da/d!J,~). 
onvtc~aa~eH pacnpeAeneHHe no 3HeprvtH aoa6ymAeHHR eepoRTHOCTH 

B036Y>KAeHvtR B (e,e ') -pacceRHvtvt Ha3aA Ml -coCTORHHi::i /CM. pHC. 3a/, 

aHanor:.14Hble $yH•<I..I~<H1 AJ1.A M2-vt M3 -cocroRHvtH I ce4eHHR soa6y)I(Ae

HvtR COCTORHHH 6onee BbiCOKOH MyJlbTHnOJlbHOCTY'I 3aMeTHO MeHbWe 

npHBeAeHHblx Ha PHCYHKe/. PeaynbraTbl pacYera noKa3b1Ba~r, ·YTO 

e HHTepsane 1 O.<E 'Z.< 27 MaB HaP RAY c 1 +-cocroRHvtRMvt pacnono>KeHbl 

z- --VI 3+-COCTORHVIR, B036Y)I(AaiOI,QvteCR C rot! }l(e HHTeHCI-1BHOCTbiO. 3ro 

03Ha4aeT, 4TO BbiAeJleHHe BK11SAS 1+-B036YmAeHH~ npeACTSB[lReT C0-

6o~ cno>KHY~ aaAa4y.· Bb1COK011e>Ka~He KonneKTvtBHble 1+-cocroRHHR 

TSK>Ke Bn110THYIO npHMbiKa~T K 3TOH o6naCTY'I. 3TO 03HS4aeT, 4TO Ha 

CYIQeCTBOBSHHe OTHOCvtTeJlbHO Y3KOrO 1+-pe30HSHCS MO~HO HSAeRTb-
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CR Jl~Wb B Clly4ae ,QOCTaT04HO CHJlbHOrO Cn~H-KBa,QpynonbHOrO 
eaaHMOAeikTBHR (!KJ21l l > 0,51 ~ )2 1) I). 

§6. 3AKJ11il4EHHE 

Ha npe,QcTaeneHHbiX Bblwe peaynbTaTOB cneAYeT, 4TO e c¢lep~-
4eCK~x R,Qpax npH 3HeprHRX Ex= 19+20 M3B cy~eCTBYeT noKanHao
aaHHaR B YIHTepaane L\E x '::::. 5 M38 rpynna J+ -cOCTOfJHHH, KOTOPble 
\.1HTeHC\.1BHO B036Y~Aa~TCR B HeynpyroM pacceRH\.1\.1 MeAneHH~X 3neKT
pOHOB Ha 6oJlbW\.1e yrn~. 3TO B OCHOBHOM HeKOJlJleKTYIBH~e COCTQR
HHR, n03TOMy HX nono~eHHe \.1 eepORTHOCTb B036y~,QeH\.1R cna6o 3a
BHCRT OT CHJl~ OCTaT04HOrO B3aHMO,Qe~CTBHR HyKJ10HOB B R,Qpe. 

BoaMO~Ho, 4To npH HecKOnbKO 6onee BbiCOKHX aHeprHRX IE x ~ 
:Z:,25 HaS/ Cyl!leCTByeT KOJ1JleKTHBHOe 1+- COCTORHHe, KOTOPOe TaK 
~e CHJlbHO B036Y~AaeTCR B (e,e')-pacceRHH\.1 Ha3aA. Ho TeOpen1-
4eCKHe npe,QCKaaaHHR 0 ero 3HeprHH B036Y~AeHHR H CBO~CTBax 
aeCbMa Heonpe,qeneHHbl, TaK Kat< peaynbTaTbl pac4eToe o4eHb 4ye
cTBHTe.nbH~ K KOHCTaHTaM CnHHOBbiX KOMnOHeHT 3¢l¢eKTHBHbiX Mem
HYKJlOHHbiX 01.n B R,Qpe H pa3MepHOCTH HCnOJlb"3YIO~erOCR B paC4e
TaX OAH04aCTH4HOrO 6a31-1ca. ,Q.nR 6onee o60CHOBaHHbiX 3aKJ1104eHH~ 
0 CBOHCTBaX 3TOro COCTORHHR He06XOAHMO npoBeCTH pac4eTbl C y4e
TOM O,QH04aCTH4HOrO KOHTHHyyMa. 

Y4eT eaaHMOAe~cTBJ.1R co cnomHbiMJ.1 KOH¢lHrypa'-'HRMJ.1, ABYx¢loHoH
HbiMJ.1 Hm1 2p-2h, He H3MeHReT 3TJ.1X BbiBOAOB. Mbl, OAHaKo, He Y4J.1-
T~BaJ1J.1 /Kat<, enpo4eM, H aaTopbl I 1,2/ I ana.1RHJ.1R TeHaopHbiX KoMno
HeHT OCTaT04HbiX CJ.1Jl /24/. KpoMe TOro, ecm1 OKaH<yTCR cnpaBeAflH
BbiMJ.1 npe,qnOJlO)I(eHHR 0 pe,qyK'-'HJ.1 rJ.1pOMarHHTHbiX ¢laKTOpOB B TRH<e
JlbiX RApax, a6coniOTHaR eenH4J.1Ha ce4eHJ.1R eoa6ym,Qe~R Ml-cocToR
HJ.1~ CHJlbHO yMeHbWHTCR /25/. 

B n~6oM cny4ae npH o6cym,qeHJ.1H eonpoca o6 o6HapymeHHJ.1 3THx 
BbiCOKonema~HX Ml -cocToRHH~ e (e, e')-pacceRHHH cneAyeT HMeTb 
a SHAY, 4TO pacnonoH<eHHble a TOH me o6nacTJ.1 3HeprHH eoa6y~Ae
HHR M2- VI M3 -coCTORHHR B036yH<,Qa~TCR CTOJlb H<e HHTeHCHBHO J.1 
3TO 6yAeT CHJlbHO aaTPYAHRTb BbiAeneH~-te 1+-COCTORHHH. 
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