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O NMPUPOJE MEPBbIX BO3BY)XJAEHHbIX COCTOSIHUN
YETHO-UETHBIX C®EPUYECKHUX SJIEP

C. T. Bbeasies

Hcenenyiotest BO3MOKHbBIE KOJJIEKTHBHEIE BO36YKAEHHS ChePHUECKHX Sep H aHaNIUSHDPYeTCs
X MHKPOCKOIIHYecKas cTpyKTypa. [TokasaHo, uTo B 3aBUCHMOCTH OT BHJA B3aUMOJEHCTBUS BO3-
0y eHHsT IPeJICTABJASIOT COGOi CBSI3aHHBIE COCTOSIHMSI THIIA YacTHIA — YacTHIA M yacTHHa —
Jeipka. KBanpynoabHble Bo3Gy K AEHHSI COOTBETCTBYIOT KOJIeGAHUSIM, HaliIeHHEIM PaHee U3 MaKpo-
(KOTIMYECKOTO paccMoTpeHus. Mccienyercss posib MOJSPH3YEMOCTH OCTOBA.

1. BBengenue

CrnexTpbl BO30YMKIEHHBIX COCTOSIHMH UETHO-YETHBIX HeAe(GOpMHPOBAHHBIX
flep MMeIoT orpejieieHHble 3aKoHoMepHOCTH [!]. TlepBoe Bo36YKIEHHOE COCTOSI-
f e 27, 1 ero SHEPTHsi MOHOTOHHO BO3PACTaeT NPHU NPUOJIHIKEHHH K 3aMKHYTOM
ofosouke ) .BepositHocTh E2-mepexojia B OCHOBHOE COCTOSIHHE TPH 3TOM MOHO-
TOHHO YMEHBIIAeTCsl, a BeJHMUMHA €e 3HAUHTeJbHO NPEBOCXOAUT ONHOUACTHY-
foe 3nauenne. Bropoe Bo36yxuennoe cocrosuue (4%, 2% uam 0F) nexur npn—
MEPHO BJIBOE BBHILE, NPHUYEM y MHOTHX siiep Haijgen Giauskuit nyGaer (4% 2%),
2 y HekoTopplx — Tpurier (4%, 2%, 0%). Ycraunos/iensl Takxe onpejie/IeHHEIE
33KOHOMEPHOCTH 3JIEKTPOMATHUTHBIX IEPEXOJ0B U3 3THX COCTOSIHHH.
Hannune yxasanublx OOMHUX 3aKOHOMEPHOCTEH 3acTaBJsieT CHENaTh Ipen:
O00JKeHHEe O KOJIJeKTHBHOH mpupoze Bo3Oyxaenuil. Monenb NMOBEPXHOCTHBIX
THIPOJAMHAMUYECKUX KOJeOaHUN OKa3blBaeTCsl HEeCOCTOSITENbHOM, TaK Kak JJIs
00bICHEHHST SKCIEPUMEHTANbHBIX 3HAUEHUH SHEPreTHYECKHX YPOBHEH U Bepo-
ATHOCTeHl TIepeXof0B NPUXOINUTCS B JECATKM pas yBEJHYUBATH TEOPETHUECKOE
sHayeHMe MaccoBoro koaddumnuenta. Kpome Toro, sra mopmenb He OODBSICHSET
CWIBPHYIO 3aBHCHMOCThL 3HEPTHHM KoJebanuil (mepsoro 2% ypoBHsi) OT 3amoJ-
HeHMsT BepXHeH 000JIOUKH.

ABtopom pamnee 6bl10 MoKasano [2], uTo npu yueTe napHOH KOPpEsSLHMH HYK-
IOHOB M HX «KBaJpYIOJHHOTO» B3aWMOJEHCTBUS BO3HHKAET HOBBIH BHJ KOJe-
fapnii cepuuecKoro spa, CYUIECTBEHHO HE THAPOJMHAMHYECKOH IPHPOLBI.
1 «KOJIe0aHHUsI» CBS3aHBl B OCHOBHOM C M3MEHEHHEM KOH(HIypALMH BHEIIHHX
HYKJIOHOB M MOTYT OCYWIECTBJISITECS M NPH 3aKPEIUIEHHON SJIEPHON MOBepX-
HOCTH. DHeprusi HalleHHbIX KosieOaHuil, MacCOBBIH KOI((UIUEHT H WX 3aBUCH-
MOCTb OT 3aIOJIHEHMsI BepXHeH 0OO0JIOUKH KaueCTBEHHO COIVIACYIOTCS C 3KCIe-
PUMEHTATLHBIME  TAHHBIMH.

B macrosme#r pa6ote OymeT paccMOTpeHa MHKPOCKONMYECKasi CTPYKTypa
STMX BO3OYKIEHHH, UTO NO3BOJUT 0oJsiee JNETANbHO BBHISICHUTh MX TPHPOAY. H
CTAHOBUTH CBSI3b C OJHOYACTHUHBIM ONHCanueM. [y BEIICHEHMS] BOIPOCA
0 3AKOHOMEPHOCTH yueTa TOJIbKO B3aHMOJEHCTBHs, 00YCJIOBIMBAIONIETO CIapH-
Bapue, W KBaJPYMNOJLHOTO B3aHMOJEHCTBHS HYKJOHOB HCCIELYIOTCSI BO3MOMK-
Hble KOJIJIEKTHUBHBIE BO3OYIKIEHHS IIPH INPOH3BOJILHOM BHJE B3aMMOJEHCTBHS.
CTaHABJMBAeTCsl TAKMKe BJIMSIHHE IOJSIPU3YeMOCTH OCTOBa Ha 3(deKTHBHOEe
B3aMMOJeICTBHE MEXKLY HYKJOHAMH.

Vmess B BuLy BblIsiCHeHHEe NPHHIMIHATBLHBIX BOIPOCOB O NMPHPOJE KOJJeK-
THBHbIX BO3OYXKJIEHHU M YCJOBHSAX HMX BO3HMKHOBEHHsI, Mbl OTpPaHUUMBAEMCS
pacCMOTPEHMeM YaCTHOTO CJIyyast He3aNOJHEHHOH 000JOUKH U3 OJIHOTO j-YPOBHSI.

1

[lonyuennple pesysnbTaTel, ONHAKO, KAueCTBEHHO CIPAaBeIJIUBBl U B oOmeMm

1) TTogoGHoe moBeileHHE, HO B MeHEIIell CTeNeHH, HaGMI0MaeTcsl Takxke [JIsi HEKOTOPBIX MOA-
pbooueK.
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2. Maxkpockonuyeckoe onucaHue BO30YXIEHU N

PaccMOTPUM KPAaTKO MAaKPOCKOTHUECKYIO KapTHHY KBAAPYNOJIbHBIX KOJeE:
Ganuii [2], KOTOpas MOMOMKET YCTAHOBUTb CBsI3b C MHKPOONHCAHHEM. Byzen
paccMaTpUBAaTh HYKJIOHbI OJHOrO COPTA HA nogoGosiouke j > 1. amMuabTOHNAH
BO BTODMYHOM KBAHTOBAHMH HMeET BH]

+ 1 - +
H=Hy+ Hint= Z (e—MNa,a, + ?2 <mymy |V | mym > a;hqmlam' a
m m 2t 1
(2.1
rje @ W @, — ONepPaTopbl POXKAEHHS H VHUUTOXKEHHUSI HYKJIOHA B COCTOSHHH

| jmy, a XumuyecKuil TNoOTeHUHAN A BBEJIeH, KaK 06bIYHO, JJIsl YCTPAHEHU S TPYA
HOCTelHl ¢ (PMKCHPOBAHMEM YHC/a YACTHIL B CHCTEME. ‘

VureM, BO-IepBbIX, B3aHMOJEHCTBAE HYKJIOHOB, ONKCHIBAIOMIEE CIIAPHBE
HHe ABYX YACTHIL B COCTOSIHHH C TIOJIHBIM MOMEHTOM J = 0:

Hit = —1G ) (— it atal (— DFma_p am
mm’

b

rie G — KOHCTaHTa B3aumojeiicTBus. ['aMHIbTOHHAH (2.2) omucniBaeT B3aHMO
nefictere mapnl B coctosuud J = 0. Bo Bcex JPYTUX COCTOSHHSAX YACTHIbL &
B3amMozeiicTByioT. IlosToMy paspbiB mapst ¢ J = 0 mpuBOXUT K OJHON H 10
7Ke SHepTHH BO30OYKIEHUs BHE 3aBHCHMOCTH OT KOHEYHOTO COCTOSTHUSI «Pa30pBal
HOI» Taphl. PeasbHOe B3aMMOJEFCTBHE, €CTECTBEHHO, CHHMACT STO BBIPO
HHWe, HO KAUECTBEHHO TaKas KapTHHA BO3OYKIEHHH OCTaeTCs CIpaBelH

Hapsiiy ¢ «OIHOYACTHYHBIMU» BO3CYMKJIEHUSAMH, CBSISAHHBIMH C Daspib
OIHOH TAapHl, CYWECTBYIOT BO3OYKIEHHS KOJJIEKTHBHOIO THIA, MU KOTOPE
TIIPOMCXOIUT HEOOJIBIIAs TePecTPoKa BCeX map. [Ipu 3TOM, CTPOTO roBOPH, €
TeMa yiKe repecTaeT ObiTh COBOKYIHOCTBIO HE3ABHCHMBIX Tlap, W ee crIesy
OIHMCHIBATH HEKOTOPHIMH «KOJIEKTHBHbLIMH» TlapameTpaMi. BriOepem B Kaué
TAKOTO TMapaMerTpa MOJIHBIH KBaJpYNOJbHbIH MOMEHT Q ?. OcHoBHOMY COCT0
auio cootetctByer Q = 0, a KOJIJIEKTHBHbIM BO30YKIEHHBIM COCTOSTHHSM &
HOTO THIIA OTBEUaeT HEKOTOPas NepecTpodiKa ONHOUACTHYHBIX COCTOSHHI H
aBJeHue oTamunoro oT myas Q. Ilpexmosaras aguaGaTHYHOCTH U3MEHEHUS KC
JIEKTHBHOTO Tlapamerpa Q, Halijem CcHayaja SHePTHIO CHCTEMbl IIPH (uke
BAHHOM 3HAUEHWH Q, a 3aTeéM DAcCMOTPHM MaJjble KoneGanus mo Q.

IIpu yKa3aHHBIX KOJVIEKTHBHBIX BO3OYMIEHHAX BAKHYIO pOJIb HIPacT B
MMOJeHiCTBHE YacTHI[ THIIA CAMOCOIVIACOBAHHOTO moJist. Mel yuTeM uacTh TaK
B3aUMOJICHICTBUS, CBSI3AHHYIO C KBaPYIOJbHOH acuMMETpHei («xBaApyHO:
HOe B3aMMOJlefiCTBHEY):

v 1 + o+
Hint = 2 % Z qmdm' CmAm'Am'Am,
mm’

TIe Gm = {jm|q|jm) — MaTpHUHBL 3JEMEHT OJHOYACTHIHOro KBaIPYMl
HOTO MOMEHTa, a % — llapaMeTp B3aWMOJEHCTBHUS.

Jljis HaXOXKJAEHWs OCHOBHOIO COCTOSIHHSI CHCTEMbI TIpH (puKcHpOBaE
3HaueHnH Q yAOGHO YuecTh JOMOJHHTEJbHOe YCJOBHE Q = const Mex
MHOkHTesell Jlarpanika, 100aBUB K TaMHJIbTOHHAHY 4/I€H —s0 (Q:Eqm‘ (
omeparop KBajpynoJbHOrO MOMeHTa), a 3aTeM OIpeJe]uTb G H3 yCi
Q= Q.

Mrtak, pacCMOTPUM BCIIOMOTaTe/bHbIH [aMHJIbTOHHAH

H=H—0Q=> (e —M—0Gn) Gmam + Hint -+ Hint.

2) Mmeercs B BUY KBAAPYIOJNbHBIH MOMEHT Macchl, a He 3apsja.
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IponssesieM KaHOHHMUECKOe TPeo6pasoBaHHe K HOBHIM (hepMu-omepaTopam [°]
. +

O = Un@m — (— 17V pa’ U173 =1 (2.5)

| norpeGyem MuHEMyMa H /s ocnosHoro coctosuus ¥, (Q), onpejgenseMoro

jcnopueM o, Wo (Q) = 0 («Bakyym» mo kpasuuactuuam). [Ipu stom nosmyuum
jpaBrerne 1 Up U Vip

(& — A —3Gm) 2WUnV m—AUn—Vin) =0, (2.6)

A:%GZUme, Q=2gnV%  5=0+xQ. (2.7)

G 1 ' e—A—oq,,
v i~ = 17 ~ 1 — 2 Q _ ) -
4 (A (e — A — qu)zl‘/z ; [A2 4 (e — A—37,,)?] /2 ( N) (2 8)

e 2Q = 2j 4+ 1 — nosiHOe YHCJIO COCTOAHME B TOJO0OJOUKE.
dHeprusi OCHOBHOTO COCTOSIHMSI cHcTeMbl, W, ompepensiercss Kak cpejHee

HaueHWe WCXOJHOTro TramuJabToHMaHa H = Hy,-+ Hiu: -+ H;y B COCTOSHHH
¥)(Q). B pesynbraTe Haiijgem

W =¥ (Q), HY,(Q)> = (e — M) N — 5 %Q*—A?/G. (2.9)

s 5HEPrHHM KBAa3MYACTHILI aHAJOTHUHBIM 00pa3oM MOJNYYHM

En=(¥(Q), amto}, ¥o(Q) —W =] A2+ (e —h—oqm)?.  (2.10)

llpu manbix o pemenne (2.8) ana A, Up u V,, umeer BuJ

1 ; & 1
Azz—QGsm%{l—(-S;T)zg—z;q?n}, .11
Un=U—V ge qusin®,  Vu=V +U Z=qnsind, 2.12)
I '
V=(N/2Q),  U=(l—N/2Q)%,  sin9=20V. (2.13)

(Beqmunna sin$ xapakTepuUsyeT CTeneHb 3aNoJIHEHHs! OOOJOUYKH, MEHSSCh OT
IMHULB! JJ51 OOOJIOUKH, 3aTIOJHEHHOH HAIOJIOBHHY, DO HYJIS Ha Kpailo 000-

jouxu.) ITapamerp o CBsi3aH C KBaJPYHOJbHBEIM MOMEHTOM:

Q=9,Vh=rssin®® 3 g2, (2.14)

BosHOBYI0 (YHKIMIO COCTOSIHHS C OTJHYHBIM OT Hyas Q, Wo(Q), MOXKHO
BbipasuTh yepe3 (ymkuuu «chepuyeckoro supar ¥ (0). st sToro BBesem
kBasuuacTHIb 1JIst cheprueckoro anpa o, ompenessiembie u3 (2.5) ¢ Um = U,

V, = V. Jlerko BHJETb, UTO CIIPABELJHBO COOTHOLIEHHE

tm = (UUm + VW) &9 4+ (VU — UV ) (— )T a9,
3 KOTOpOI‘O c.ne;xye‘r, qTo

uvv, — VU ;
‘FO (Q) = eXp {—%‘ Z Z/'-U—m———l—_-VTm (—— 1)] m Otggﬁ 06(_03;: } IP‘O (0)’
m m m
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HJIH IS MaJaeix Q
¥, (Q) = exp {Q (2 sin® ! qfn)_l S(—1*"a, ocﬁ,?w(_‘”,;} ¥, (0). (2.15)

,HJIH SHEPTHH OCHOBHOTO COCTOSAHUA B TOM 2Ke HpH6JIH)KeHHH MaJiblX
HaxoguMm u3 (2.9), (2.11) u (2.14) {
W(Q) — W (0)=21QG (1 —8;"sin® &) Q*(sin*? X g7) " = + Co Q7 (2.16)
ruae

1 X 2
e qz.
EH) QG Z &

m
(Bennunna O, ompenensier KpUTHUECKOE 3allOJIHEHHe, MPH KOTOPOM  cepu:
ueckass (opma sigpa TepsieT yCTOHUMBOCTh). Bripaxenue (2.16) ompenenses
3aBHCHMOCTb SHEPTHH CHCTEMBI OT KOJIIEKTHBHOIO Napamerpa Q, T. e. aBJsercd

«TIOTEHNMAJbHON 3Hepruefty KOJJIEKTHBHOTO ABMXKeHHs. [ToaHbI raMuibo:
HHAH KOJIJIEKTHBHOTO JBHXKEHHS IPH MaJblx () HMeeT BUJ

1 ; 1
Hq=5BqQ® + 4 CoQ?
rle «MaccoBhll Ko3duinents B ompenensiercs BolpaxenueM (i = 1)

¥ Yoo / (Wi— W) @17

Bg =

W3 (2.15) maxoaum
(7% @], , = (2sin® ) qfn)‘1§ (— 1) g,,040" a0 W4 (0)

OTKYJla HENOCPEICTBEHHO BHAHO, 4TO omepartop 0 /0Q mnepebpacbiBaeT CHCTEMY
B COCTOSIHHE C JBYMs KBasuuactuuamu; mnosromy W, — W, = 2E = QG. Tloci
IPOCTHIX NpeoOpa3oBaHUi HAXOAUM

Bo = (QGsin® ¥ % ¢2)™
Jna sweprun KoseGanuil HaXOmuM, corvacHo (2.16) u (2.18),
0=V TCq/Bg=2EV1—6;%in?9 .

Kak crenyer us (2.19), sHeprusi HaHJEHHOIO KOJJIEKTHBHOTO BO30YKeHI
JEfICTBUTENLHO OKa3blBaeTCsl MeHbIlle 2HepPTuH paspbiBa napbl 2E =
(«omHOUACTHUHOE» BO30YIKAEHHUE), IPUUEM BEJHUMHA ® MOHOTOHHO yMeHbIIARIH
IIpH yBeJUUEHUH 3anoJHeHus (sin®?¥—1). '

3. MuKpocKkonuueckoe paccCMOTPeHHe KBAaAPYNOJbHBIX BO30YKIAEHUH

B sToM pa3sfesie Mbl pacCMOTpPUM Ty e 3a7ady IPYTHM METOIOM, KOTOp!
I03BOJIUT YCTAHOBUTH MHKPOCKONHYECKYIO CTPYKTYPY HalJeHHBIX BO30YHKN
nuit. Tam, rae 3T0 OKa),eTcss BOSMOKHBIM, Mbl OyIeM NOJAYepPKHUBATH aHAJOMN
¢ GECKOHEUHBIMH CHCTEMAaMH, JJIsi KOTOPBIX XapakTep BO30YXKIEHWH JOCTaT
HO H3YUeH. ‘

Kak u3BecTHO, HUIKHUE BO30YKIEHHBIE COCTOSTHHSI CHCTeMbl MHOTHX YacT
MOTYT ObITh NPUOJHKEHHO ONMHUCAHBI KAK COBOKYIHOCTH 3JIEMEHTAPHBIX B
OyKIenui — KBa3HuacTHil. B HIeaJbHOM BBIPOXKIEHHOM (epMU-rase KBd
HaCTHIBI TIPeJICTABISIOT CO00H ABIPKH B (PepMU-3aNOJHEHNH H YACTHIIbI HAJ H
Bxiouenne B3auMonefCTBHsI NPUBONUT, BO-TIEPBBIX, K HU3MEHEHHUIO S(deKn
HOHM MacChl KBA3WYACTHI[, & BO-BTOPLIX, K IMOSIBJEHWIO B3aUMOJIEHCTBUS MeK
CaMHUMH KBasuuacTulaMmu. Eciu mocseinHee HE NPUBOAUT K NOSIBIEHHIO CBS3E
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§X COCTOSIHHH, a TOJIBLKO K IPOIEeccaM paccesiHusl, TO MM OOBMHO MOXKHO Ipe-
fpeub, TAK KAK IPOIECCH PaccesHMs KBasMYacTHI[ JAIOT JIMLIb MONPaBKH
2071 (Q — 06BEM CHCTEMBI).

B ToM ke cjiyuae, KOTJa OKa3bIBAIOTCSl BO3MOXKHBIMH CBSI3aHHBIE COCTOSTHHS,
08HHKAIOT HOBBEIE — (KOJIJIEKTHBHBIE» — BO30yxKIeHusa. Tak, IPH OTTaJKHu-
AHUE MerKJy 4acTHIaMH B (DepPMH-CHCTeMe MOTYT BOSHHKAaTh CBSI3aHHEIE CO-
T0SHUST YACTHLBI ¥ AbIPKY y rpanuupl GepmMu, uTo NPUBOJAMT K HOBOMY THIY
030y enuil — nysesomy 3ByKy [*]. MoxHO ckasarb, uTO BO3OYMKIEHHOE
0CTOSIHUE C JBYMs KBasHUaCTHIAMH OKAa3bIBAeTCs HEyCTOHUMBBIM OTHOCHTE/b-
0 06pasOBAHMS CBA3AHHON Mapbl STHX KBasuMyacTHll. B ciyuae NPUTSKEHHS
BoficTBA (hepMH-CHCTEMbl MEHsIOTCsI Gojiee pajUKalbHO, CTAHOBSTCS BO3MOXK-
MU CBsSI3aHHBIe COCTOSIHMsI MEMKIy uacTHIamMu BOIM3H nosepxHocTd Pepmu,
10 IPUBOJUT K HEYCTOHUMBOCTH YK€ OCHOBHOTO COCTOSIHHSI OTHOCHTEJIBHO CIia-
HBAHMSI MEXKJY YacTHIAMH, W peskasi (epMH-TpaHHIA pasmbiBaercs. Keasu-
geTHIEl BOJIM3H HOBOTO OCHOBHOTO COCTOSIHMSI IPEICTaBJSIOT €000k cymep-
03MIUIO JBIPKH M YaCTHIEI.

OIMH MHOTOKDATHO BBHIPOXKJEHHBIH ypoBeHb (j 1) 3kBUBa/eHTEH OECKO-
EYHO TOHKOMY IIApPOBOMY CJIOIO PasMBITOro (hepMu-3anosinenus. Huemao cocros-
i 2Q = 2j -+ 1 urpaer posns «o6beMay cucTeMbl. COriacHO CKa3aHHOMY BEIIIE,
RIIATH 3a7a4y O B3aUMOJEHCTBYIOMHEX HYKJIOHAX HA 3TOM YPOBHE C TOYHOCTBIO
o Q7! o3gayaer, BO-NIEPBBIX, HAXOXKJEHHE KBA3UUYACTHII, & BO-BTOPBIX,— «CBf-
AHEbIX cocTosiHME». (B cucTeMe KOHEUHBIX Da3MepPOB ITOHSATHE CBSI3aHHOTO
0CTOSIHHMSI JIOBOJILHO YCJOBHO, Mbl OyIeM €ro HCIOJb30BaTh JAjis 0DO3HAUEHHsI
IbHO KOPPEJIUPOBAHHBIX COCTOSTHHMH.) '

[lis wccieoBanusl BO3OYRKIEHUH CHCTEMbI MHOTHX YACTHIL YAOOHO HMCIOJb-
gBarh Meton, (pyHkumit [puna [°]. Onnouactuyneie Bo3OyKleHus (CIEKTP KBa-
jluacTHII) ONMMCHIBAIOTCS OXHOYACTHUHBIME (yHkuuamu. [lpn nanuuuu cma-
WMBAHISI B OCHOBHOM COCTOSIHUM HEOOXOJMMO HCIOJB30BaTh TPH (QYHKIUH
. Topbkos [®]):

j

G (m; t, — t5) = — i (T {@m (t1) @m (£2)},
F (m; t; —t3) = — ie* T {am () m (22)1, (3.1)
F*(m; 1, — ty) = — ie=™H) (T {ap (t) alm (£2)}),

gropple B HaweM cJaydae (cepuueckas CHMMETDHs) HMEIOT CJelyiomue
Jjpbe-00pashl:

G (m; ) = — = - 8—+0
(m; 8)”'3——E+i6+8+E—i6 G (3.2)
i 1 1 1
b(m; &) = — F* (m; &) = — (— 1)F UV<8_E+ié's+E—i5>’

puuem U u V onpenenennl B (2.13), a E — sHeprusi KBa3uyacTHUBI (B IEPBOM
pu6TKeHnu paBHas QG [ 2).

Jl1s1 mccaeloBaHus KOJIJIEKTHBHBIX BO30Y2KJAeHHH CJELyeT paccMaTpuBarh
pyxuacruuHele GyHKuun I'puna. [Ipu HaIMyuu cnapuBaHus B o0I1eM cayuae
15351 HAIMCATb 3aMKHYTOTO YpaBHEHHs JJIst OfHOH (QYyHKUHH, a HeOOXOLUMO
J0JMTh TPU pa3JHuHble (DYHKUHH, HAlpHUMep
Kae = (T {ala;;asai Y0 Ki3=<(T {afa; aaa:{ 3 (3.3)
K31 =<T {a1azasa:1L -
Tak, ypaBuenue jisi Ky, umeerT BHJ (cM. puc. 1)
Kas (12; 34) = K% (12; 34) 4+ i {G (1; 5) G (7; 2) +

+ F (17) F* (25)} 7 (56; 78) Kas (86; 34) +

+ iF (17) G (8; 2) T (565 78) Ki3(56; 34) +

-+ iG (1; B) F*(26) " (56; 78) K, (87; 34) (3.4)
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(Mo mBaXKABl MOBTOPSAIOIMMCS MHIEKCaM 5—8 mojpasymeBaeTcst HHTET PHPOB
uue). 3pech [ — KOMNAKTHBEIA (HENPHUBOLUMBIN) YeTHIPEXTIOJIOCHHK, KOTOp

6 Ky £ — " A2z _
T = : v DT
e

ori(12; 2'1) =Ty (12; 2'1") = 12| V|2'1"y — 12|V [1'2>, (8

B Gostee Bricokux npubiunxenusix B I cenyer Pa3/iMuaTh HAPABJICHHS CHEMp:
BojuMOCTH» (puc. 2). COBOKYNHOCTL T'padHKOB, HENIPUBOAUMAST TI0 HAMpaB)
HHIO JIBUKEHHUS JBYX 4acTull, ocCosHavena [, a coBoKymHO
HENPHBOAMMAs B HANPABJEHUH YACTHIA — JbIPKA, — yepes |

sl B mpasyio wacts (3.4) napsaay ¢ Kz BXOIAT Takme b

ApyTHE QYHKLHM, TaK YTO B OOIIEM CJyuae HeOGXOLUMO pa

f” CMaTpuUBaTh CUCTEMY TpeX ypaBHeHui. JIisi jajipHeie

r yAOOHO pacmenuts GYyHKUHH K. ~
Puc. 2 Cunras t,, ty > 15, t,, 3anuiuem

Koo = 31 0:(12) 95 (34);  Kux = S %, (12) 45 (34),
C Ke=Y%024 64,

rjae

0s(12) = <0 | T{aa; } |s>,  §:(34) = (s| T {asa; }| 03, 3

s (12) = <O T{maz} [sy,  %s(12) = <O|T {af aj }| s>. :
[Ipu uccnenoBanun CBAI3AHHBIX COCTOSIHMH HEOJHOPOAHOCTH B Y PaBHEHHS
aast K (unen K3, B (3.4)) MoxKHO orépocuts [75]. Iocae sroro, HCTIOJIL3YS
00CTOSITEILCTBO, UTO 63 (34) BXOmHT B Kaskablil usleH, Bce ypaBHEHHUSsT MOK
(COKDATHTB) HA (s (34). B pesyabraTe mosiyunmm cucremy OJHODOJHBIX Ypa

HeHUH Anad @s, Xs U Xs. ]
Hns  nambrefimero ympomenus Gynem CYuTaTh, 4TO [ oOmHCHIBaer He

nasppiBaiomee  B3anmoneiicrsue *. Torna ob6a Bpemenn y GyHknmit g, %5 il

MOXHO B3fITb PaBHBIMH (f; — f; — — 0), Tak uTo 3ajaua CBOJUTCH K onpej

JIEHUIO TpeX (DYHKLHH: it

+ &

Pup (M) = 0] am @y [Op,

Lop (M) = 0] a—m G | O, Koy (m)= <0 azt aim—p«' oWy, 1

rlle COCTOSIHHE |S) XapakTepH3yeTCs SHEprHell ® M IpoeKILHeil MOMeHTa
Cucrema ypasHenu#t nisi pyukuuit (3.7) umeer Bun

(4E* — 0%) oy (m) = — 2E sin* & ST} (m; m') o, (m') — 4

— Esin¥cos ¥ 2 I'; (m; m') XS};) (m'y — ;—0) sin 2 I-}L (m; m') X,(,,_p) (
m’ m’ (3

%) Bpemsi 3amasiplBaHusi B3aHMOJeHCTBHS HYKJIOHOB B siipe ~£;1 (e — sHepras |
HULb DepMu), YTO 3HAUHUTENBLHO MEHbIIE HHTEPECYIOIIUX Hac BpeMeH o7,
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(AE? — 0?) X8,) (m) = — 2E cos? 9 STy (m; m') %Gy (m') —
—wcos T > T, (m; m') XS, (m') — 4E sin © C'ZS 0 Z T, (m; m') @y (M),  (3.806)
m (4E® — o) %S} (m) = —2E ST, (m": m') xS (m') —
— ocos ¥ Z 1",:L (m; m’) Xf,;) (m') — 2(:: sin & 2 I“;L (m; m") Qup. (M), (3.8B)

rie BMecTo X W ¥ BBeJeHbl X JHHeHHble KOMOHHAIHH

XG5 () = (— D™ ey () 2 (— 1)* Ko (m)) (39

0 A COKpaIleHHs II0JI0KEeHO
[y (m; m') = (T (m+p,m’s m' +p,m) +(— DT (—m, m'; m'4-p,—m—p)},
(3.10)
Ty (m; m') = (— YT (m + p,— m; —m', m'+ p) (— 1)

Jlo cux mop Mbl He KOHKPETH3HPOBAJIH B3aUMOJIEICTBIE MEXK/AY YACTHIAMHU.
PaccmoTpuM Tenepnb wacTHbII cayyai «KBajpyIloJabHOro» B3aumogeicTsust (2.3),
A5l KOTOPOTO HaxXOAMM, corJgacHo (3.5) u (3.10),

Lo (m; m') = —80%q,,q,,, Tp=0. (3.11)
MlopcraBnss (3.11) B (3.8), Haxonum
(4E* — 0®) @ (m) = 2xE sin?* ¥ q Z q,.9,(m), (3.12a)
(4E% — 0%) %57 (m) = 4%E cos & sin 0.q,, g, ¢, (m"), (3.126)
(4E2 — 0?) X7 (m) = 2xo sin ¥ q,, 3 q,,. ¢, (m). (3.128)
~

[lepoe ypaBHeHHE COAEPIKHT TOJBKO @. V3 yCJOBHSI paspemimMocTd 3TOTO
ypaBHEHHS, HAXOAMM SHEPTHIO CBSIBAHHOTO COCTOSIHHS

1

m:25[1—21551n2ﬁ2q;]/2, (3.13)
m

KoTopast B TOUHOCTH coBHajaer c (2.19).

DyHKIMSA @, (3.7) ONMUCBIBAET Napy 4YacTHIA — JbIPKa, M, CJAEIOBATeJbHO,
HaiJeHHoe BO30YXKIEHHE SBJISIETCS] CBSI3AHHBIM COCTOSIHHEM AbIPKH M YACTHIHL.
B sToM cMmbiC/Ie OHO sIBJISETCSI HEKOTOPBIM aHAJOTOM HYJEBOTO 3ByKa GecKo-
HeuHOH (hepMu-cHcTeMbl. OlHAKO HAUJEHHOE COCTOSIHHE HE OMMCHIBAETCS TOJBKO
pynkuuel ¢,. M3 ypasmennit (3.126, B) BunHo, uto dynkuum y(*) Takixe or-
IHYHBL OT HYJIsl. DTO CTAHOBHTCS TOHSATHBIM, €CJH BCIOMHHTD, UTO TIPH HAJIHYHU
CNapUBAHHMS KBA3MUACTHIIbI TIPEACTABJSIOT COO0H CymNepHO3HIHH ALIPKH H uyac-
mipl. IIpM KBaapyNoJbHOM B3aHMOJEHCTBHH «IBIPOYHAS» KOMIIOHEHTA OJNHOM
KBA3HYACTHUIIBI CBSI3LIBAETCS C «YACTHYHOH» KOMIIOHEHTOH TapTHepa, HO B CBS-
34HHOM COCTOSIHMH NPHUCYTCTBYIOT M JAPYTHe KOMIOHEHTH. Clenyer mnopuepk-
HYTh, YTO BO3MOXKHOCTb 00PA30BAHMSI CBSI3AHHOTO COCTOSIHHSI UaCTHIbI M JBIPKU
BOSHMKAET JIMIIL IIPH HAaJM4MH B cuctemMe map ¢ J = 0 KymepoBCKOTrO THIA
(wactmna — wactuma). D10 BUIHO, B YACTHOCTH, U3 BhIpaxkenus (3.13) aas suep-
WA CBSI3AHHOTO COCTOSIHHUS, KYyJAa SIBHO BXOJMT SHEPTHsI KYNEPOBCKOTO Crapw-
Banust 2F.
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Kax Bunno u3 (3.12), 3aBrcuMocTs GyHKIH ¢, %) or mpoekunn Momenta

/M ONPENEJISeTCs BeIMYMHOH ¢y, TIPONOPIHOHANBHONH KO3(hdumenTy Kiebma—
lopnana (jm j — m| 20), u, caenoBarenbHO, HANIEHHOE COCTOSIHUE Xapaxre-
pusyercs MoMeHTOM J = 2,

Paccmorpum Teneps BsauMogeficTBue crnapuBanusi (2.2), s KOTOPOTO U3
(3.5 u (3.10) mHaxomum

Iy (mym') =0, Ty (m;m)=—0,,G/2. (3.14)

Ilpn I" = 0 sHeprusi CBSSaHHOTO COCTOAHHS ONPELESETCS (baKTHUeCKH N3
NOCNENHUX JBYX ypaBHeHHH (3.8), KOTOpBle B 3TOM Cilyuae CONEp:KaT TOJbKO
x(¥), ONHCHIBAIOMKME Naphl YacTHI, UM AbIPoK. CIlIeOBATeNbHO, B STOM cayyae
CBsI3aHHOE COCTOSIHHME BBI3BIBAETCS CHAPHBAHHEM KYIEPOBCKOTO THHA (YacTd-
Ia — 4aCTHIA WJIM JbIpKa — JbIpKa). Pemnenne cekyJsipHOro ypaBHeHUs L
B3anMojiefcTBus (3.14) naeT jis SHEPTHH CBA3aHHOTO COCTOSIHUSA ® = (. 10T
pe3y/IbTaT OYEBHJEH, TaK KaK CBsI3aHHbIE IApHl KyNepoBCKoro tuma ¢ J =0
(xoTopble omHcHIBalOTCs B3auMogelicTBreM (2.2)) yike YUT€Hbl B OCHOBHOM CO-
CTOSIHMHM CHCTeMbl. 3aMeTHM, UTO IPH peuleHdd ypasHenuii (3.8) B3ammojeli
CTBHE, OIMCHIBAIOLICE CIIAPMBAHHE, W KBAAPYTOJbHOE B3aHMMOJEICTBHE MOKHO
paccMarpuBaTh HE3ABHCHMO, TAK KaK OHU NPHUBOJAT K CBS3AHHBIM COCTOSHHAM
C DAa3HBLIMH MOMEHTaMH.

Iloxuepxuewm, uto, xors dopmyasl (2.19) u (3.13) popmaibHO CoBHAnAN,
MEKIy HUMH €CThb CyIleCTBeHHOe passiuuue. ITpu BeBoge (2.19) ucnosnbsobainoch
TpeGoBanne anuabaTHYHOCTH, YTO (GOPMANBLHO OTPAHHUMBAET OGMACTDL ee TpH-
MEHHMOCTH ycJioBheM o < 2E, Toria kak seipamenne (3.13) cBoGoaHO OT 3TOT0.
Orpanuyenusi. JIpyruM NPenMyIIeCTBOM MHKPOCKOIIMYECKOTO —DacCMOTpPEHHs:
ABJIFCTCS BOSMOXKHOCTD BbIDA3HTH BOJIHOBBIE (DYHKIHMH «KOJUIEKTHBHOIOY COCTOS:
HUS1 4epes ONHOYACTHYHBIE YHKUHH (DYHKIUH @, ¥ () HENOCPEACTBEHHO Jalol
BKJIAJ PAa3JUYHbIX OAHOYACTHYHBIX KOMOHHALHK).

Taxum oOpasoM, NpH HaNWUME B3AHMOAEHCTBUS, ONHMCHIBAIOIETO CIAPH:
Banue, (2.2) u KBaIpymoibHOro B3auMojeiicTBusi (2.3) B CHCTEME BO3MOKHHL
KOJIIEKTHBHbIE BO3OYXKJEHHS, KOTOPble MaKPOCKOIHMUECKH MOKHO paccMarpis:
BaTh KaK KOJIEOAHHS KBAIDPYNOJBHOTO MOMEHTA, a MHKPOCKONHYECKH — KaK
CBSI3aHHOE COCTOSTHHE JBIPKH U yacTulwl ¢ J = 2. Bo3uukaer Bompoc: uem onpas-
ABIBAETCSA M HACKOJNBKO CYIIECTBEHHBIM SIBJISETCS] CHELHAIbHBIH BHIGOD TaMuilbs
Tonuana? He usmemutcs siu Xapakrtep BosOy:KneHHil IIPH PacCMOTPEHHH 00Jee

PEaNbHOTO B3aMMOJCHCTBHSI? DT BONPOCH AHAJIMSHPYIOTCS B CJIELYIONEM Pad
Jene.

i

4. KoanektupHbple BO30YXIEHHSI NPH NPOM3BOJIBHOM B3aMMOJEHCTBHH

Kak ©Obuto ycramoBieHo B mpegpiiyineM pasjene, Beauudds [ u I3
ONHUCHIBAIOMHKE S(YEKTHBHOE B3AUMOJENCTBHE, NPHBOAAT K CBSI3AHHBIM COCTOS
SIHUSAM  DA3JUYHOM mpupoppl. I cBssblBaeT wacTHLy ¢ wacTHUeEH (IBIPKY
¢ ApIpKoH), a I'—wvacruny c gapipkofi. JIo CHX MOp MBI YUHTHIBAJH TONBKO
napbl HepBoro THma ¢ MomeHTOM J =0 u napel BTOporo tuma ¢ J =2
B o6mewm ciyuae I'" u I onuchiBaoT B3aHMOIEHCTBHE B COCTOSIHUSX ¢ JHOGH it
BO3MOXKHBIMH MOMeHTaMHu 9. ¥Yjno6HO mnpexcraBuTh I’ u I” B Buge CyMMBI
YJICHOB, OTBEYAIOMIMX CHAPHBAHUIO C ONPENSJIEHHBIM J. ¥

Pacemorpum cnavana I u I nepsoro npummxenus (3.5). s onpefe-
JCHHS 3aBUCHMOCTH MaTPHYHOTO 3JIeMeHTa OT IPOEKUHH OQHOYACTHYHBIX
MOMEHTOB YJOGHO BBIIEJHTL B NOTEHIHAJNE B3aHMONEHCTBHS YIJOBYIO 3aBli:
CAMOCTb, 3allMCaB ee uepe3 CpepHyecKHe TEH3ODHBIE ONepaTophl [8]:

V(ry, 13) = Yo (ryr2) (T" (1) T* (2)). (4.1)
> _

4 Ona jN-KOH(pHrypauun BO3MOXKHBI YeTHbIe MOMeHTH 0 < J < 2j — 1.
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0rciofia /1S IPOM3BOJILHOTO MAaTPHUHOLO SJeMeHTa MeXAY OJHOYACTHYHLIMU
OCTOSAHUSAME | 1) = |nyl; j; my) caenyer [#]

12|V 21"y =
— SN (= D*Fa(—= 1) 7" (g f — mi | k) (— 1) (jama fo— ma o — ),
Ry

(4.2)
’
[l€ He3aBHCSIIHUE OT » BEJHUUYUHBL Fh OIIpeaeJIAoTCs Kak

Fr=—(2k - 1)1 (1| T"| 1) (2| T*)2) F*® (122'1"). (4.3)

; k
Brecy F® — pannanbube unrerpasas Caerrepa, a (1| T" |1") —npuBerennbe
YaTPHUHBIE 3JIEMEHTHl OT TEH30DHBLIX OIEPATOPOB).

Hcnosnpsyst (4.2), MOXKHO sammcaTh TaMHJIBTOHHAH B3aUMOAEHCTBHS B BHJE

Hm~—4 3 Fi(122'1) (— 1" (a} @y} (a3 A2 )h—p., (4.4)
1221
ku

e BEJUYUHY

j’—m, . o’ ,
(af ay)py = Z (— 1) ' l(]1’711 jr—my|kp) af ay (4.5)

m

U0AKHO ~pacCMaTpUBaThb KaK ONepaTop, ONHCHIBAIONIMH YACTULY H ABIPKY
B COCTOSIHUM ¢ MOMeHTOM k. Hapsany c (4.4), BoaMOXHO passiokeHHe H s IO
WCTOSTHUSIM C OTpEeJeJIeHHBIM MOMEHTOM Ilap YacTHUa — YacTHIA M JAbIPKa —
JbpKa:
Hing = — = D) Frlal a3 (@ @y, (4.6)
1221
k.

10 COOTBETCTBYET IMpeACTaBJEHUIO MaTpUYHOI'o 3JIEMEHTA B BHUJE

A2|V 21y = =) i (jumujama | k) (fy iy o my | k). (4.7)
hp.

llcnob3y st anre6py xoappuunentos Kiedma — lopaana (cum., HanpuMep, [&9]),
I0}KHO CBSI3aTb KO3(pHUIHEHTH! pasJoxenuit (4.2) u (4.7). B pesysbrarte Hafizem

IyrHiy—h o ;
fa =) 2@+ )W (juja juos k) Fy, (4.8)
, i

e W — kospduiuent Paka. AHalOrHuHBIM 06pa3oM MOMKHO TOJYYHTH Bbi-
JKeHHsT [l «OOMEHHBIX» MAaTPHUHBIX 3JeMeHTOB B (3.5), no6aBieHue KOTO-

JiX SKBHBANCHTHO H3MEHEHHIO BeJuyuH F, u f, B (4.2) n (4.8). B cayuae
JIHOTO  j-yPOBHST OOMEHHbIe TOTNpaBKH K f, W F, DaBHBI COOTBETCTBEHHO I
I —[». B pesymbrare ¢ yuerom (3.5) u (3.10) umeem e F, — 1)

Ty (m; m') =

= DV F (= 17" e o j, — m| k) (— 17 Gyl fy—m| ),
R

1l

(4.9)
Ty (m; m') =

= — D (= " Gmet p, j—m k) (— 1) (o', fo— m' | k).
R
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3amerum, uTo npu BbhiBoje opmya (4.9) pasiomxenue (4.2) HCmOIB30BaNOCh
TOJIBKO JJIsl BbIJEJEHHs] PABHJIBbHOI 3aBHCHMOCTH OT NPOEKLHH MOMEHTa, T. &
reomMeTprueckoro ¢dakropa. I[losromy Beipazkenust (4.9) crpaBef/IMBLI He TOJIBKO
B IEPBOM MPHOJIKEHUH TI0 TIOTEHIMANy B3aUMOJAEHCTBHUS, HO U B 0O0IeM Cly-
yae (B mpeneOpeKeHHH 3aNasjbIBAHHEM).

Bennunna F, B (4.9) aBaserca sdeKTUBHBIM B3aumojueicTBreM (sueprueit
CBSI3H) YACTHIbl U JBIPKH B COCTOSIHMH C MOMEHTOM £, a f, — aHaJOTMYHOH Xa-
pakTepUCTUKOM ABYX yacTHIL (IbIpok) %). CooTHomeHue (4.8) Mexk1y BeJudHHAME
fo 1 F;, B 00meM ciyyae He MMEET MeCTa, TaK KaK ueTblpexmosocHukam [ i [f
COOTBETCTBYIOT pas3/MUHble HEINPHBOJMMEIE COBOKYIHOCTH TI'padMKOB, OJHAKO
OHO OCTAaeTCsl CIPaBeIJIUBHIM 11 [, HENPUBOILMMBIX B OOOHMX HAaIpaBJeHHAX
(cm. Texker mocsie dopmydasl (3.5)).

IMopcraBaga (4.9) B (3.8) u uCHoOJB3ysT OPTOTOHAJBHOCTH KO3(D(hUIUEHTOB
Kne6ma — Topnana, MOMXKHO NOJNYYUThL CHCTeMy asireOpaudyecKux ypaBHEHHH
7151 BOJTHOBBIX (DYHKIME Tap € ONpejeeHHBIM MOMEHTOM £ (U ero mpoexiued )

Por = DV (— 17", m + p, j,— m | k) @ap. (m),
m
G = S (= D" Gy m -, fo—m | ) X (m); (4.10)
(4E? — 0® — 2FkE:in2 9) Qo — f E sin @ cos 9 X&) — + fi 0 sin 0 %L) =01,
4.11a
(4E? — o — 2fy E cos? 9) %5y — fr @ cos 9XG) — 4F), E sin 9 cos 9 @n (= 0,

(4E* — 0® — 2, E)X$) — fr 0 cos 9L} — 2Fy08in® gop = 0. (4118
YcnoBue pazpemuMocTH cucteMsl (4.11) nmeer BHT,
(4E? — 0®)? [(2E — fr)? — (2E — fr) (Fr — fr) sin? ¥ — 0] =0, (4.12

OTKYJa JJisi 3HEPTHH CBA3AHHOrO COCTOHUSA C MOMEHTOM k HaXoJUuM

F == 1/2 y:
or = (2 — fu) [_1 — TER_—Z““ ﬂ . (4.18

Econ cmapusanme xkymepoBckoro tuma ortcyrerByer (frp = 0), To (4.l
npu Fy—Fy; =x3)¢3 mnepexogur B (3.13). B oOmem cayuae cpssaiie
COCTOSTHHE OIpeJessieTcss CllapuBaHHeM OOOMX THIIOB (4acTHIlA — YacTHUA
yacruua — japipka). Ecou Fj > fr, T0, Kaxk BunHo u3 (4.13), yuer f, npus
JHIIb K TIePEeHOPMHPOBKEe BeJUUHH £ u [, a 3ABUCHMOCTb My OT 3aTOJHEHE
000JIOUKH OCTAETCSI TOU IKe.

B cayuae Fjp <[, 3Ta 3aBHCHMOCThL CYIIECTBEHHO MeHsercsl. Tak, B 0P
IeJqbHOM cayuae Fp = 0 mosayuaem

o, = 2E K — ;—2) (1 — -% cos? ﬁ)]l/z ;

YcranoBuTh Kakoe-iu6o oflnee COOTHOIIEHHE MeXKAY [ U Fj, HeBO3MOKH
JLJ1s1 OpHEHTHPOBKHU PaCcCMOTPHUM CJIyuail, Korja CripaBeInBo COOTHOLIeH e (4
ITpu j> 1 ruaBHBIE BKJAZ B IpaBylo 4acTb (4.8) maioT djeHbl ¢ GOJbII
[ m MOXKHO BOCIOJIb30BaThCst TpUbHuKeHueM (f, { > k) [°]

W (jiijs kl)~— (2 + 1)7" P (cos ay),
cosay =[L(L+ 1)—2j(j+ DI/ 2j (i + 1)

%) Tlpu suaxe, BeiGpansoM B (4.3), F), i [, TOJNOKHTEJNLHBl AJIS NPUTAIKEHHS.
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5TOM TpuUGJIHKeHHH (4.8) TPUHHMAET BUJ
1
%G+ SPk(cosocl)FEdcosocl. (4.15)
—1
accMOTpHM cayuail  d-BaammopefictBust Vi~ 0 (ry —ry), A/ KOTOPOTO [20]

) . o : . __2G 2N . .26 4%
0326(]’1‘;—)’ F2~~‘11—F0,..., F1>1NT]/< i )—IN—Eg?,
(4.16)

je G — KOHCTaHTa, CBsi3aHHAasi C pajuasibHbLIM HHTerpasoM. llojcraBiss
4.16) B (4.15), HaxoxuM

/2
4G . .
o2 (j 4+ 1) S Py (cos 2B) sin? Bdp. (4.17)
- 0
yacTHOCTH, fo = G (j 4 /a), fa = Y/ufo» ® u3 cpaBuenus c (4.16) cienyer,
g0 jsisi O-B3aUMOJEHCTBUS [ = —12 F, = Fy. Tlpu KOHEYHOM pajHyCe B3AMMO-

JefiCTBH ST 5TO COOTHOIIEHUe HapyIaetcsi, Fj, GoJee GHICTPO yOBIBAET C k, UeM fr 9.
B pesysbraTe pias Maablx R (k<< 2j— 1) umeeM Frp>fr, a nuga O0JbLIHX
oyner Fp < fr. IloguepkHeM, UTO 3TH OLEHKH SIBJISIOTCS JIMIIbL OPHEHTHPO-
YHBIMH, TaK Kak 3(QeKTuBHOe B3anMmojeiicTBhe I', BoOOIIE roBOpPS, HENb3s
IIPOKCHMMPOBATH MOTEHUHAJOM H BEeJNMUHHBl Fj M [ MOTYT OBITH HEMOHO-
ToHHBIMH (pYHKUMsMH k. Tak, ydeT HOJIAPH3YEMOCTH OCTOBA, KaK IOKa3aHO
CIelyiomeM pasjese, NPHBOAAT K pPE3KOMY YBEJHUeHHIO 3(p(peKTHBHOro
BaApYMOJLHOTO B3auMojelicTBHA Fs.

5. Biusinue noasipu3alud OCTOBA

BsaumojeiicTBie MeXAy UACTHUAMH Ha j-ypPOBHE OCYLIECTBJACTCST Kak
eNOCPeJCTBEHHO, TaK M uepe3 HYKJOHbBI octoBa. Hacte I, KoTOpasi coorser-
CTByeT TakOMYy B3aHMOJEHCTBUIO, MOXKHO
NpeACTaBUTh B BHJe (CM. pHC. 3)

T (13; 24) =
= —iv(15;26) K (65; 87) 1 (73; 84), (5.1)

Pre. 3 rie v — 3(pdekTHBHOE  B3aHMOJEHCTBUE
HAPYKHOTO HYKJIOHa C HYKJOHOM OCTO-

ja (BOJIHMCTAsl JHHHS Ha puc. 3), a K — Qynkuus [puna pis ocrosa.
[lepexost K IpeACTaBJeHHIO C (PUKCHPOBAHHBIM MOMEHTOM Iapbl 4acTHOA —
[BpKa, I[OJYyUUM

Fr=i3 1 () K (o B)1:(®), e
ofB

me [, — vacTb F),, cBSI3aHHas C B3aUMOJEHCTBHEM Uepes OCTOB, T, (o) OMHCHI-

BaeT Tepexo] NAphl YACTHIA — JABIPKA C MOMEHTOM R U3 j-yPOBHSl B OCTOB.
lByxuactnynas (PYHKIIHS OCTOBA ONpPENE/IAEeTCs] PAaBEHCTBOM

Ky (o5 B; t —t') =<T {(@* () a (t))an (@* (£") @ (t))pr} > (5.3)

Brech (@' @)y, O3HAUAET COCTOSTHHE NApHl, XapaKTepH3yeMoe MOMEHTOM Fk
I OCTAJIbHBIMA KBAHTOBBIMH UHCJaMH o. Mel Ipeprnonaraem, 4ro v, He cojep-

KUT 3alia3JblBaHud, IO3TOMY B K MOXKHO CUYHTATh BpeMeHa KOHIOB IIOTIapHO

6) DT0 MOXKHO yBHAETb Ha MPEJEJbHOM Ciydae «IaJbHOIEHCTBHSY, KOIJa Ej, ~ 8, Us
(4.8) mpu stom caenyer f, = Fo /[ (2j 4 1) = const.
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paBHbIME. Pacmernas K mogo6Ho (3.6), mosyunm

N eTENT0] (@t @)y | 55 <5 | (@ gy |03, T >0
Kees 1) ={3 ;5 .
Z ¢ Fso 0] (a*a)gp | 8> <s|(at @)y, | 0>, T <<O.

S

s pypbe-oGpasa Ky us (5.4) naiinem

= : O[(ata)gy | s> <s|(a*a)g, [0 <O[(a*a)gy |s) <s | (a*ayy,|0)
Ri (2 B; ):;2{ et | BhESO+OL ki

s

DHeprus BOS6y}KI[eHHH ocroBa Eg= Es — E, M0 NOPSAAKY BeJHYMHB pPaBHA
Pa3HOCTH 3SHEPTHA MexAy O0O0JOUYKAMH, TOFILa KaK HHTepecylolue Hac O
COOTBETCTBYIOT 3HEPTUM CNAaPHBAHUS HAPYXKHBIX HYKJOHOB, HO3TOMY 0 <K Ege
IToxcraBasia (5.5) B (5.2) n npenebperas o, HoJydaeMm

Fu= — 21,01, () D201 @ @] <51 (@ | 03 =
| g s Ts0

=217, (@) 7, (B) b (oB).
aB
Beoas Fr — wacte Fy, cBA3aHHYIO C IPSIMBIM B3auMojeicreueM (Fy = Fj, + Fy
MOXKHO 3allUCcaThb
Fp = M3Fx,
rue
Ty (o ) Tk ©)

= X —=—

af

—=—"h (of) —Tkzh (aB)-

ITokaxem, uTo KO3((HIHEHT MEPEHOPMHPOBKH MpPSMOrO B3aUMOJICHCTBHSA
1, MOXKET OBITh CBf3aH C BEJHYMHOH [OJIIPUYEMOCTH OCTOBA HapyXKHb
HYKJIOHOM. BsauMmojeiicrBue BHewiHero HykJoHa (b, b*) ¢ OCTOBOM MO
3anucatb aHaJoruuHo (4.4):

H=3T(@) (= 1)* (6" )y (" Q)as-

akp

B nepsoM npubiHKeHHH MOMXKHO IpeHeOpeub OOpATHBIM BJIHSIHHEM OCTOBA H
HYKJIOH H CUHTaTb COCTOSIHHE IIOCJIeJHero 3ajaHHBIM (T.e. paccMaTpHBal
HYKJIOH KakK BHellHee IIoJe). YcpenHsis (5.9) IO HYKJIOHHOMY COCTOSHH
| jmy», TOJNYUMM JONOJHUTEbHYIO 3HEepPrHi0 OCTOBA B NPHCYTCTBHH BHEIH
JaCTHILBI -

CHyp = S0, Tr () (@* @)ar,
ak
rjae

@r = <+ O)nod = (— 1) ™™ (jmy j — m, | KO).

Paccmarpusas (5.10) kak Bo3MylueHHe, MOJYyYUM H3MEHEHHE BOJIHOBOH (yH
LUK OCTOBA

<s | (@t @)y | 0
YO = — S, 1, (@) S ——— 2. (5.1
ak 1

s S0
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B mpHCYTCTBHHM HapyKHOTO HYKJOHA OCTOB TepsieT c(hepuyecKyio CHMMETDHIO
i €ro TOJISPU3AUMIO MOXKHO XapaKT€PH30BATh CPeJHHMH 3HAUEHHSAMH MY.JIb-
TUIIOJbHBIX MOMEHTOB

A 20 +1
Ql:Z<1 V :J'_II rlY[O 2>af(12:
12

f 2) (— 1" (jumjs — m | 10) &} gy = 314, (2) @ . (5.13)

=3(1

Ucnonbsys (5.12), Hafinem HaBefeHHBIH MOMEHT OCTOBA

7

r
—._Y
Vim =

0142105 = — o 314, () 7, (B) + g, B 1, (@] o X
afl

<0 (a*a)as|s) <s|(a" a)p|0>. S (5.14)

BBOIS MyJIBTHIOILHBI MOMEHT HADYKHOTO HYKJOHA (Q;), = ¢, q,, MOXKHO
nepenucats (5.14) B BHge

<01 Qe]0> = n/ <Qu>p, (5.15)

rne 7]; — IIOJIIPU3YEMOCTb OCTOBA — onpeneJsdercss U3 COOTHOIIEeHU S

= N 14,07, @ + 6, @1,k @R =T, Sk (@p).  (5.16)

af af

Ws cpasmenus (5.16) u (5.8) BHAHO, YTO BeJIHUYHMBI M, ¥ M, (aKTHYECKH
cosnaziaioT. (HeGoubiioe oOTJHYME CBS3aHO JIHLIL C HECKONBKO PA3IHUHBIM

Onpeje/IeHneM CpeHuX BeJHuMH Y U 7'). TakumoGpasoM, ysennuenme mnpsi-
MOTO B3aHMOJEHCTBHSI HAPYKHBIX HYKJIOHOB BCJEICTBHE CBA3H C OCTOBOM
onpejiesisiercs I10JIspU3yeMOCTbIO TOCAeHero 7).

Ksajgpynonbnast nossipusyemocts octoBa ()z) H3MEpSeTCsi SKCIEpPHMeH-
TaJIbHO 110 BEJIMYMHE KBAJPyIIOJIbHOTO MOMEHTA JJIsl MATHYECKHX si/iep IUIIOC OJHH
HYKJIOH 1 JIEKHT B npefenax 1 < mz < 3 [**]. Tlo/a1sspH3yeMOCTh BBICIINX MYJib-
THNOJILHOCTEH, BHIAMMO, 3HAYATENHHO MEHbIIE, 4TO NPHBOAMT K <H3GHpaTe/b-
HOMY» YCHJIEHHMIO KBaJDPYIOJbLHOTO B3aHMOJEHCTBHS.

3aMeTHM, 4TO BJMSHME OCTOBA HA B3aHMOJEHCTBHE BHEUIHHX HYKJOHOB He
OTpaHMYHBAETCS pacCMOTPeHHbIM 3dekToM. OpHako ocTambuble 3dQEKTH,
B 4aCTHOCTH NEPEHOPMUPOBKA I, He CBA3AHBI C HATHYHEM [IOBEPXHOCTH M CYIIe-
CTBYIOT TaKie B OECKOHEUHOH sIepHOH MaTepHu.

6. 3akaouyeHue

OcHOBHbIE pe3y/IbTaThl, TOJYUEHHEIE BHILE, MOXKHO C(OPMYJIHPOBATH CJe-
LyIOIHM 06pasoM:

B saBucumocty or xapaktepa B3auMoNefCTBHS B ChepHUECKHX SIPAX MOTYT
06pa3OBEIBATECS (CBA3aHHBIE» (KOPPEIHPOBAHHBIE) COCTOSIHHSI IIAp C OTJIHY-
HBIMH OT HYJISI MOMEHTAMH KaK KyNepoBCKOIO THIA, TAK M Map THIA YaCTHLA —
JbIpKa. IIpuuem 5Ta BOSMOKHOCTH BOSHHKAET JILIL MPH HAJHYHH CIAPUBAHHS,
T. €. KOHJEHCATa KYyNEePOBCKHX Map C HYJEBHIM MOMEHTOM.

Tlonisipu3yemMocTh 0CTOBA MPUBOIHMT K CHJIBHOMY YBEJHUCHHIO S(hEeKTHBHOTO
KBAaIPYNONLHOTO B3aUMOJEHCTBHSI MEXJy HAPYKHBIMH HYKJOHAMH, YTO CIIO-
C06CTBYET 06pa3sOBAHUIO CBA3AHHOTO COCTOSIHHS YACTHIB H ABIPKH C MOMEHTOM
[ = 2. Makpockonuuecku 3TH BO3GYMKIEHHs MOXKHO PACCMATPHBATL KAK KOJIe-
0anus KBaJpPYNONLHOTO MOMEHTA HAPYXKHBIX HYKJIOHOB. Bo3HHKAlOmMe npu
3TOM KoJsIe0aHHUsI TIOBEPXHOCTH SIBJISIOTCS JIMIIb CJEICTBHEM CTATHYECKONH IIOJSI-

?) 1151 KBa#pyTIOJILHOTO B3AUMO/IEHCTBHS 3TOT PesyJIbTaT Gbli nosyyeH aBropom [ 2] us ma-
KPOCKOTIHYECKOTO PAacCMOTpEHHS.

/]
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pH3YEMOCTH OCTOBA H HE HMEIOT HHYEro oOIIero ¢ rUApPOINHAMUYECKUMH TOBEpX-
HOCTHBIMH KOJIeOaHM IMH.

1 obmKe Pe3yJIbTAThl He CBSI3aHbl C KOHKPETHOH MOJIEJILIO OHOTO j-YPOBHS,
HCIONb30BaHHOH TIpH pacuete. (Bosee o6muil cayuali IPUBOAUT JIHLIb K HEIIPHH-
LUTNHAJLHBIM MAaTeMaTHUECKUM YCJIOMKHEHHSM ©).)

Kakyue W3 BO3MOMKHBIX CBSI3AHHBIX COCTOSIHMH OCYIIECTBJISIIOTCS B peallb-
HBIX fApax — 3TOT BOIPOC TpeGyeT CPABHEHHs 3KCIEPUMEHTAJIbHBIX JAHHBIX
C pe3y/IbTAaTaMH KOJIHYECTBEHHBIX pacueroB. [lJisi KBAJPyIOJLHBIX BO3OYMKIE:
WAl Takoe cpaBHeHHe ObLIO mpoBefeHo Kuciunrepom u Copencemom [*].
K 5ToMy THIy BO3OYsKJEeHHIl MOXKHO OTHECTH NEPBBIA ypoBeHb 2 U B GOJIBLIHH:
CTBe CJydaeB Takxke cjenywomue ypoBad (2%, 4%), KOTopble COOTBETCTBYIOT
JBYM CBSI3aHHBIM TapaMm. BoIpoc o CyilecTBOBAHHH CBA3aHHBIX COCTOSIHUM €
BBICIIMMKM MOMEHTAMH (& Tak:Ke C HEeUeTHBIMH MOMEHTAMH B Cjydae CMEeCH He:
CKOJILKMX j-ypoBHe#) TpeOyeT TIATE/IbHOTO aHA/IM3a SKCIEPUMEHTAbHbIX
JNaHHbIX. [lo-BHAMMOMY, OHH JI€XKAT HECKOJIBKO BBIIIE «IBYX(POHOHHBIX» COCTOS:
HUH KBaApyIOJbHOH BETBH.

Astop BhIpakaer Gnarogaprocts B. M. Tamuukomy u A. B. Murjany sa
MHOTOUHC/IEHHbIE O0O0CYKICHHS. v

[Moctynuna B pelakiuio
21 wuons 1960 r..
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ON THE NATURE OF THE FIRST EXCITED STATES OF EVEN-EVEN .
SPHERICAL NUCLEI

S. T. Belyaev

Possible collective excitations are investigated and their microscopic structure is analyz
It is shown that depending on the interaction the excitations are bound states of the particle-

8) B cratbe Bemeponn u Apsbe [12] paccMoTpeH ciydaidl HeCKONBKHX j-ypOBHeH, HO 0
KYIepOBCKOro ClapHBaHHs.



