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BBE.QEHHE 

8 H8CTOR~ee speMR ~Me~TCR 3KCnepHMeHT8JlbH~e yKa3aHHR Ha 

B03MO*HOe npOABJleHHe MHOrOKaapKOBYX COCTORHHH C HynesoH CTpaH

HOCTbO. 3To, so-nepBYX, pe3yJ1bTBTY ~830BOrO aHanH3a HYK11QH

HYK110HHOrO B3aHMOAeHCTBHR'Itl, KOTOpble yKa3biB810T Ha cyw,eCTBOSa

H~e 102(2,23) ~ '3f!a(2;38) A~6aP~OHHbiX peaoHaHCOB c w~p~HaM~ r.: 
=100-150 MaS. Bo-sTopblx, - peaK~HH c 6onbwoH nepeAa4eH HMnynb
ca: ynpyroeJ2/ H rny6oKoHeynpyroe -1:3/ pacceRHHe 311eKTPOHOB AeHT

poHaMH, KYMYilATiitBHhle npo1,4eccbl ':!~. TeopeTH4eCKHH aHamta 3TVIX 

peaK!.4H~J 5,8/ npHBOAHT K He06XOAHMOCTH cy~eCTBOBaHHR B aTOMHbiX 

RAP8X TaKHX KOpOTKOAeHCTBY~HX HYKilOH-HYKnOHHbiX KoppenR1.4HH, 

KOrAa Me*HYKnOHHOe paCCTORHHe CTaHOBHTCR cpasHHMbiM H~H AB*e 

MeHbwe PBAHyca Kopa HyKnoH-HyKnoHH~x cHno 8 aTOM cny4ae HyK

noH~, COCTOR~He H3 KBapKOB, TepR~T CBO~ HHAHBHAYanbHOCTb, H 

Mbl ~MeeM Aeno c wecT~ (q 6)-, Ae&RTH (q9)-, ABeHaA~aT~ (q l~KBap
KOB~MH CHCTeM8MHo TaK, aepORTHOCTb npHCYTCTBHR WeCTHKBapKOBOH 

~a3~ B AeHTpoHe, H3 aHanH3a paanH4H~X 3KCnepHMeHTanbH~X AaH

H~X, o~eHHeaeTCR aenH4HHoH /2+7 I o 10 -~0 
8 pa6oTe:l716b1Jl npoBeAeH MHKpOCKOnH4eCKHH pac4eT aepoRTHO

CTH WeCTHKaapKOBOH ~a3bl B AeHTpOHe C y4eTOM TOilbKO ABYX npo

CTeHWHX COCTORHHti C KBapKaMH B npOCTpaHCTBeHHbiX ·s 8 -H ·s·"P 2 -o6o

Il04KaXo 8 pac4eTe npHHHMaJlaCb 80 BHHMaHHe CBR3b HYKilOH-HYKilOH

HOrO KaHana C WeCTHKBapKOBbiM, a MHKpOCKOnH4eCKHH KBapK-KBap

KOBblti noTeHu,HaJl Bb16HpanCR TaK, 4T06~ BOCnpOH3BeC.TH CBOHCTBa 

o6bi4H~X aApoHoe, Me30HOB H 6apHOHOBo Pac4eT npHeen K 3Ha4eHH~ 

BepORTHOCTH Ha ypOBHe 5o10~~4TO npHMepHO Ha nOpRAOK MeHbWe 

eepoRTHOCTeH, Haene4eHHbiX H3 aHanHaa 3KCnepHMeHTallbHbiX AaHHbiXo 

npH4HHa pacXO~AeHHR AeTaJlbHO He HCCJleAOBallaCb, HO OAHO H3 

npeAnOilO~eHHH COCTOAilO B TOM, 4TO BKJlaA B WeCTHKBapKOBY~ ¢a3y 

AaiOT HeCKOJlbKO q& -CQCTOAHHH, HMeiO~HX 6JlH3KHe MaCCb(/S/ o 

MHKpOCKOnH4eCKHi:1 paC4eT WHPHH H30IlHpOBaHHb1X AH6apHOHHbiX 
peaoHaHCOB B HYKilOH-HYKilOHHQM pacceAHHH.;g,lQ/ npHBOAHT K Sellii!-

4HHaM r =10-50 MaB, 4TO cy~eCTBeHHO MeHbWe Tex 3Ha4eHHH, Ko

TOpble nOilY4aiOTCA B pe3yllbTaTe o6pa60TKH 3KCnepHMeHTallbHbiX AaH

Hbl~/ll(npH4HHa paCXO~AeHHR MOmeT COCTORTb B TOM, 4TO Ha6Ili0Aae

Mble pe30HaHCbl CYTb pe3yllbTaT Ha.nomeHHR HeCKOilbKHX 6Jl!-131le>Ka~ql<o1X 

COCTORHHI::to 
Bee 3TO roBOpi-1T 0 TOM, 4TO B HaCTOR~ee BPeMR CTaHOBI-1TCR 

aKTyanbHbiM AeTaJlbHOe I-1CCI1eAoeaHI-1e ceoHcTe MYI1bTI-1KBapKOBbiX c1-1c-
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reM - AJlR Ha4ana npocreHwHx - wecTHKsapKos~x, H a nepsyc o4e
PeAb - pac4er Hx cneKrpos. 

nepsbiH pac4eT TaKara POAa 6bln CAenaH B pa6orej 121, rAe pac
CMaTPHBaJlHCb cne4H<J>H4eCKHe 11 poTa4HOHHble11 B036Y)I(A6HHble COCTOR
HHR. npH 3TOM q8 -cHCTeMa npeACTaBJlRnacb 8 8HAe CTpyHbl C 3a
KpenneHHbiMH Ha KOH4aX 48eTHbiMH K8apK08biMH KnaCTepaMH, T.e. 
6blna CHJlbHO Ae¢opMHp08aHa, 0AHaKO 8 paC4eTe MaCC HCOOJ1b308a
J1HCb <J>opMyJlbl c<J>epH4eCKOrO KBapKOBOrO MeWKa, ~TO TPYAHO CO~na
coaaTb C caMOH HAeeH MOA6J1H. no3TOMY 80npoc 0 nJlOTHOCTH q -
COCTORHHH, no cy~eCT8y, OCTaJlCR OTKPbiTbiM, 

B Hacr6R~eH pa6ore Mbl HCCJ16AYeM cneKTp B036y)I(AeHHbiX COCTQR
HHH, 8 KOTOpbiX K8apKH KPOMe HH)I(aHweH ·s -o6oJ104KHj 131 Moryr aa
HHMSTb H 6onee BbiCOKHe. nep8b1H war B 3TOM Hanpa8JleHHH 6biJ1 
CAenaH 8 pa6ore114~ rAe HccneAoBanacb KOH$Hrypa4HR c op6Hranb
HOH cxeMoH 10Hra:t"42].Mb1 Y4HTbl8aeM see KOH$Hrypa4HH 8 3HeprerH-
4ecKoM HHTepsane 2,2-3,1 raB, pa3peweHHble npHH4HnOM naynH, 
KOTOpble MOryT npORBHTbCR B HYKJ1QH-HYKJ10HHOM KaHane, PaC46T 
npo8eAeH 8 paMKax MOAenH c<t>epH4ecKoro K8apKosoro MewKa 
MIT bag1 1'< 

2. CTPYKTYPA IDECTHKBAPKOB~X COCTORHH~ 
BonHosaR <I>YHK4HR wecTHKBapKosoro q&-cocroRHHR AOJl)I(Ha 6b1Tb 

/a/ aHTHCHMMeTPH4HoH, /6/ 4BeTOBbiM cHHrneToM. YcnoeHe /a/ cne
AYeT H3 npHH4HOa naynH, /6/ 03Ha4aer 116eC4B6THOCTb 11 q8 -cHc
TeM. 3TH YCJlOBHR HanaraCT OrpaHH46HHR Ha CTPYKTYPY COHHOBbiX 
(S), 1130Cni1HOBbiX (I) 11 op611TanbHbiX (X) BOnHOBbiX <!>YHK~I1H pac
CMaTpHsaeMbiX CHCTeM. 

AJlR 8H8J1H3a CTpyKTYPbl 80JlH08biX <I>YHK4HH q8-KoH<J>Hrypa4HH ec
TeCT86HHbiM annapaTOM R8J1ReTCR TeOpHR npeACTaBneHHH rpynn nepe
CTaHOBOK ·s 0",/ 181 • 8 HaweM cny4ae - s8 • HccneAoBaHHe crpyK'rypbl 
BOJlHOBbiX <I>YHK4HH q8 -cOCTORHHH npoBeAeM CJleAY~~HM o6pa3oM: 

1/ nonHy~ SHTHCHMMeTpH4HY~ BOJlHOBY~ <J>yHK4H~, npeo6paay~~~
CR no npeACTaaneH1110 [ 18 ] rpynnbl SU(24), paanO>KI1M no BHyTpeH
HHM npOH3BeAeHHRM 4BeTOCOHHOBOH (CS) H op6HTaJ1bHO-H30COHHOBO~ 
(XI) <!>YHK~I1H, npeo6paayi01J111XCR no npeACTaaneH11RM rpynn SU(6) 
11 SU(4) COOTBeTCTBeHHO. Henpi1BOA11M"e npeACTaaneHI1R rpynn SU(6) 
H SU(4) aaAaiOTCR cxeMaMH IOHra Y cs H Yx1 • npH 3TOM OHH AOJl)I(Hbl 
6b1Tb COOpR)I(6HHbiMH: 

8 
[1 lcsix ~ YcsO.Yxi 

2/ ~BeTOCni1HOBYIO(CS) <!>YHK~1110 paanO>KI1M 
BeAeHHRM 48eTHOH (C) H COVIHOBOH <I>YHK4HH, 
cR no npeACTaaneHI1RM rpynn SU(3) 11 SU(2) 
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/1/ 

no BHyrpeHHHM npoHa
KOTopble npeo6paay~r

co cxeMaMH IOHra :Y c 



H Ys COOTBeTCTBeHHO. np~-t 3TOM Y4HT~saeM, 4TO BOnHoeaR ¢YHK~HR 

ecrb ~serosa~ CHHrner 

3> 
Yc=l2].. /2/ 

3/ ~' HaKoHe~, XI -¢yHK~H~ paano*HM no &HyrpeHHHM npoHaee

AeHHRM op6HTanbH~x 1-1 ~-taocnHHOB~x ¢YHK~HH, npeo6paay~HxcR no 

HenpHBOAHMbiM npeACTaaneHHAM Y X H Y1 rpynnbl SU(2)': 

/3/ 

~3 MHomeCTBa nony4aeMYX TaKHM o6pa30M COCTORHHH paccMOTpHM 

JlHWb Te, KOTOp~e MoryT AaTb BKJlaA 8 HyKnOH-HYKnOHH~H KaHan. 

3ro oaHa4aer, 4TO npeACTa8neHHe rpynn~ SU(6) • no KoropoMy npe

o6paayercR ~8erocnHHo8aR ¢YHK~HR, AonmHo COAepmarbcR 8 paano

"'eHHH npAMOro npoH3BeAeHHA Y\:NJ xYJ:>.rAe vJ:l.[21]- ~BeTOcnw 

HosaR cxeMa ~Hra HyKnoHa. Op6~-tranbHaR *e cxeMa ~Hra q8 -cHcre

Mbl Y X AOJUKHa COAepmaTbCR B paanomeHHH npRMoro npOH3BeAeHHR 

Y!f>x y~N) , rAe y~N)= [3] - op6HTanbHaR cxeMa IOHra HyKJloHa. Kpo

Me TOro, MW orpaHH4HSaeMCR CnHHOBbiMH H H30CnHH08biMH CXeMaMH 

IOHra Y8 1-1 Y1 8HAa [42] 1-1 [32],oaHa4aKXlU·1MH, "''TO nonHbl~ cnHH H a-tao

cnHH CHCTeM~ MOryT npHHHMaTb 3Ha4eHHR 0,1, 

PeaynbTaTbl reopeTHKo-rpynnosoro aHanHaa q8 -cocroRHHH npH

BeAeHbl B Ta6n, 1. ~3 Hee BHAHO, "''TO HeCMOTpR Ha CAeJlaHHble or

paHH4eHHR, 4HCJlO He3KBHBaneHTH~X COCTORHHH AOBOJlbHO BeJlHKO. 

Ta6JIHI<a I 

CTpyKTypa meCTHKBapKOBNX BOnHOBNX ~HK~H 

s cs XI I,X - CO,lle PJKaHI!S 

1 [42] [2212] 0 [42], 1 [32Jx 

0 [41 2] [31 3] 0 (3
2
], ' 1 [42}x 

0 [32 J [23 J 0 [32)x , 1 [42) X 

1 [321] [321] o([51lx + [42Jx), 1 (51],+2 [421,+[3~) 

1 [313] [41 2] 0[42h ,1([51Jx + [42]x +[32Jx) 

1 [2-'] [3"] o([6], + [421c) , 1([51Jx + (321x) 

0 [2"1"] [42] q[S11x + [3
2
Jx), 1([61,+[51]x + 2 [42lx) 
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(6] 

[51] 

[42] 

Ta6JIH11a 2 

Op6HTanbHaH CTPYKTypa BonaoBNX WYHK~~ 

aB a 5b a4b2 a:sba a2b4 ab 5 

a 6b a4b2 ~sbs a2b4 ab 6 

a4b2 a'sb;s a2b4 

831)3 

3To 4Hcno soapacreT, ecnH npHHRTb so BHHMaHHe paanH4HY~ o6o
no4e4HY~ CTpyKrypy, AonycTHMY~ cxeMoH ~Hra Yx /ra6n.2/. TaK, 
ecm1 HMeiOTCR 2 o6ono4KH, ycnosHo o6oaHa4eHHble a H 6, TO cxeMe 
IOHra Y X'"" (6] COOTBeTCTByeT He TOllbKO o60I104e4HaR. KOHQlHiYpa-
4HR a8, paCCMOTpeHHaR paHee.f.Ji31,Ho H a~ , 24b2, al3b3, a2t,4 , 
ab5 , b8, none3HO nposeCTH aHailOiHIO Me~AY cnHHOBOH H op6HT811b-

HOI1 CTPYKTypaM"t! Ys ==(6] COOTBeTCTByeT cnHH 8=;3, a 4HC110 cnH-
HOBbiX npoeK4HI1 - 7. CxeMe IOHra Yx=£8] coorsercrsyeT 11 KsaaH
cnHH11 :1:=;3, a pa311H4Hble 060J104e4Hble KOH(J>HrypatV1H COOTBeTCTBy
IOT npOeKI.lHRM 11KBa3J.1CnHHa 11 /14(, 

3. PAC4ET COEKTPA MACC 
MaCCbl WeCTHKBapKOB~X COCTORHHH paCC4HT~BaJ1HCb B paMKaX 

MOAenH KsapKosoro ccpep~4ecKoro MewKa MIT bagl 16~ 3Ta xpoMOAH
HaMH4eCKaR MOAenb xopowo onHc~saeT cneKTP Mace MeaoHHoro H 6a
pHOHHOro· OKTeTOB H AeKanneTa 6aplltOHOB, 4TO AaeT OCHOBaHHe Ha
AeRTbCR Ha cnpaseAJlHBOCTb MOAenH npH pac4eTe Mace q 8 -cHcTeM. 
0TMeTHM, 4TO 3Ta *e MOAeJ1b o6naAaeT H PRAOM HeAOCTaTKOB, OAHH 
H3 KOTOp~X - 60J1bWOH pa3Mep CHCTeM~. 0AHaKo HaweH 3aAa4eH R9-
J1ReTCR He CTOJ1bKO OOJ1y4eHHe T04H~X 3Ha4eHHH Mace KOHKpeTH~X 
q8 -KOHCl>Hrypa~HH, CKOJ1bKO HCCJ1eAOBaHHe Ofi~HX, Ka4eCTBeHH~X 

csoHcTB cneKTpa q 8 -cHCTeM, KOTop~e rnasH~M o6paaoM onpeAe
J1ROTCR CHMMeTpHHH~MH CBOHCTBaMH BOJ1HOB~X ~yHK~HH H cna6o aa
BHCRT OT ~eHoMeHOJ10rH4eCKHX KBBPKOB~X MOAeneH. 8 3TOM CM~Cne 
HcnonbaosaHHe MIT bag MOAel1H npeACTaBnReTCR snonHe pa!3yMH~M. 

Macca MHOrOKSapKOSoH CHCTeM~ onpeAenReTCR ¢opMyJ1oH: 

R :En1 ., 1 A- 'S Zo • 'E M( ) = R +"3BR· - R+ uEcM+" CE • /4/ 

rAe rui - KHHeTH4eCKaR 3HeprHR KSapKa 8 i -oH o60J104Ke, B -
BHeWHee AaBJleHHe, o6yCJ10BJ1HBa10Ulee KOH<J>aHHMeHT /B l/4 = 145 M3B/, 



Zo - y- BKJlaA saKYYMHbiX <l>llYKTya~HH (Z 0=1,84).a ~EcM H ~E 0 E- eKna-

A~ OCTBTOI.IH~X ~BeTOMBrHHTHoro H ~BeT03fleKTPH4eCKOro KBapK

riUOOf.tHbiX ssaHMOAeHcTsH~. 3aeHCHMOCTb OT PBAHyca R a /4/ ycT

paHReTcR Tpe60B8HHeM dM/dR=0, 4TO ~HKCHpyeT senH4HHY PBAHYCB 

MeWKa. 
B CHflY rpaHH4HbiX YC110BHH MOAeflH KBBPKH MoryT HBXOAHTbCR 

B ·s- H p-o60J104KBX C OOflHbiM COHHOM 'J = 1/2, 003TOMY OOPRAOK 

sanonHeHHR o6ono1.1eK cneAY!OlqHH: ls%: , lp%. , 2s';i ,2p%. B pacl.le-
Tax Mbl orpaHH4HB8eMCR JlHWb TpeMR nepSbiMH YPOBHRMH, OOCKOJ1bKY 

3BOOJ1HeHHe BbiCWHX 060J104eK npHBeAeT K COCTORHHRM C cy~eCTBeH

HO 60J1bWeH MaccoH. AnR 3THX o6ono4eK BeJ1H4HHbl paBHbl: 

w 18 = 2,04, ru lp = ·a,Sl, (J) 28 = 5~40 • 

OnepaTop ~seToMarHHTHoro saaHMOAeHcTBHR HeM HMeeT BHA: 

1 HeM=-- l: 
R I>J 

• 
·~ '"" I'IJ (.\ " )I(.\ "'J • 

!51 

/6/ 

171 

B /7/ napaMeTp, csRaaHHW~ c KsapK-rn~OHHWM saa~MOAe~CTBHeM, 

a
0

=0,55. 

~~ +3kl /8/ 
p.l = ' 

12w1(w 1+k1 ) 

rAe k=-lAJlR·s- ~ k=+l AnR p-o6ono4eK, a I 1j onpe,qenReTcR <lJQp
Myno~ 

2 . . "'I"'J 
~j =1+ . . {-;3(2<.JI+kl)(2wj+kj)-4<»t<»j+ 2 2 X 

(4w1 +3k1 )(4w1 + 3kJ) sin <»(sin "'J 

x [2w1 sl(2<.1 ) +2<»J ·si(2<.JJ) -(w1 +<»j )sl(2<.1 +2<.Jj )-(.,t-<»j)si(2<.1-2<.JJ )]J, 
~ 191 

OnepaTop QBeTo3.neKTPH4eCKoro saa~MOAeHcTB~R H CE aan~cwsaeTCR 
B B~.Qe 

/10/ 

( = 
!J 

___ _;a::..e;._ ______ /-dy-("'1 y __ sl:::_n:....
2

0Jif::.:'::,Y)(w y _ sln
2

c;.>Jl 

(wi -sin 2"'1 /wi )(wJ -'Sin2wj /"'J) 0 y 2 <»t y j "'J y . 

Ill I 
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i 

IS 
IS 
IS 
IP 
2S 

Ta6Jmlla 3 

.[{HHa.MHtleCKHe K034:4>HIUfeHTbl IJ. ij H f ij 

~ ij 

IS 0,097 
IP 0,061 
2S 0,040 
IP 0,065 
2S 0,047 

'IJ 

0,153 
0,210 
0,219 
0,'305 
0,369 

4HC11eHHble 3Ha4eHt.1fl Allfl AHHaMH4eCKHX KO~<!XI>H41o1eHTOB f.l.ij HE ij 
np.HBeAeHbl B Ta6n.3. 

B cny4ae ls8 cocTORHH~ AEcM nerKo pacc4HTbleaeTCR c noMo~biO 
TeXHHKH onepaTo·poa KaaHMio'lpa~/1&/ 

E~J ~!J (t.• d)i(t.•d) J = ~Ia la(C~s- i S(S + 1) - 48)' /12/ 

• 
rAe C~8 - co6cTaeHHOe 3Ha4eHHe KB8AP8TH4Horo onepaTopa Kaat-1-
MHpa, KoTopoe AJlR Henpi-1BOAHMoro npeAcTasneHHR Y cs rpynnbl SU(6), 
a~AaaaeMoro cxeMoH IOHra Y08=[f1f 2f. 8 •• ;], HMeeT BHA 

/13/ 

AEcE A11R ts6 cocTORHHH pasHa HY1110 - cneACTBio1e Taro, 4TO eon
HOBaR ~YHK4t.1R q6 COCTORHt.iR eCTb 4BeTOBOH CHHrlleT! 

1 -+-+ 1 -+2 
-~ 'IJ AI >.J = -•lalo (~ >.!) = 0. 
2 i,j 2 i 

/14/ 

npH pac4eTe MaCe 6onee CllO~HbiX 0601104e4Hb1X KOH¢Hrypa4HH 
¢opMynaMH /12/ H /14/ nonb30BaTbCR yme Henb3R, T,K. K03~~H4HeH
Tbl IJ.ij H ftj OtnbHO pa3m14810TCR AJlR pa3J1H4Hb1X 060J104e4Hb1X KOHiJ)H
rypa~H~, 4To BHAHO H3 Ta6n.3. B 3TOM cny4ae Heo6XOAHMO Hcnonb
aosaTb TeXHHKY ABYX4aCTH4HbiX reHeanorH4eCKHX K03iJ)iJ)H~HeHToB: 114; 
KOTOpble nORBnR~TCR 8 paano*eHHH BOnHOBO~ iJ)yHKUHH q 6 -coCTORHHR 
1/Je no npOH3BeAeHHRM t/1 4 H t/12 ,BOnHOBbiX ¢YHKUH~ q'4 H q2 -cOCTOR
HH~ COOTSeTCTBeHHO! 

/15/ 

3AeCb a H fJ xapaKTepH3YIOT COOTBeTCTBeHHO Q 4 lo1 q2 CHCTeMh1 H 

BKnt04atOT 8 ce6R KBaHT08ble 4Hcna ~BeTocnHHa, U8eTa, cnHHa 1o1 

o6ono4e4HbiX KOH¢Hrypau\.1t1, a C af3- reHeanorH4eCK\.1e K03clxPHU\.1eH
Tbl, MeTOA 8bi4HCneHHR KOTOpbiX 6bln pa38HT 8 pafioTe/17(. 
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Ta6JIHI\a 4 

3HeprHH meCTHKBapKOBbm COCTOHHKH 

(~~~~Isis ~2~~1slp ~3~~1s2s ~4~fl-lp!p fi-G~fl-2s2s 

E 1 = E ts 1s l 2 = E ls2p 

o6oA. ~E;M '"'• e 

[CS] s [X] 1 C1P. '1i 4Ec,.,·'R t.fce·R MaB MaB MaB 

I 2 3 4 5 6 7 8 9 IO II 

[42] 1 f¥2] 0 t!J!fp~ •1 1 ,.,,_ 13 
-.-1'• --yf>.-31'! "I li E, -J.~~~- -t £.,.) -~63 u J.390 

0 1s'2~2 +1 - -ft', - '¥-r!>- .!Jrs 71 (E.,- J.E.t. -+E5) -168 Sit J9Sj 

0 19311" -1 - 3' 34111 3'} 1o }J-, - If'; J,- To'f~ fo":> ( e, - 4E,.-+ ~:~) -J'6 r+ JHJ 

[3'] 1 fS31?' -J ll 3~/ 2>1 -To,.. -lfff-s-(0'~ fa ( E, -J.£J.. +£t) -.. ,, 11- US3 

[qf] 0 [42] 1 tSitp'- +1 ~j,.., -J.Of,_--'ff1 f (t:, -d.£~ -t£4) -,,ZJO 16 JJ9( 

1 1S12ii' t1 • II -sr• -.u/'I.J-sl'r "( T ~ -Gi.El + e.J -J-ot J.l. J.NJ-

1 1S1tP' -1 - ff< - £1/l~- .P.tr 1]- (E, -J.,. +<,) -u8 JJ J.{{! 

[3'] 0 IS'tP' -1 I~ ~( n, 
--s,.,- r.J'J...-::ft 1} ( <!, -J.~ + et) -J;J.J J-3 &6~ 

U'J 0 [42] 1 ts1t?' tj -11'· - t!~ t 3.flf ~£ - 411 lley II ' E.~.-+ .l 
-,ur; - IJ. Jot6 

1 ts•2s'1 +1 ' 12 -:r .... , - ;.,fl t 3~r- ".l ,,, • !!· /j £, - T.JEJ ' :;"' -loS s J91S" 

f ts't~"l-1 -Jr-,-'9;:,. _ !.r'f -i (e, -l £.,. --t .!:f) -J.lb .tit zuo 

[3'] 0 1S'1P' -i --1¥, -19ta. -lrlf -1: (e,- J.e.J.. -t s4 ) -J./6 J-/r UJO 

[321] 1 [51] 0 1!J51 P -1 -fr, - !t~ -!r£,-e.._) -too -JJ_ lJSO 

0 1S62 S +j " I - S"fi -~~j /{e,-e,.J - ,,. -J-5 J•o 

0 ts'<t?' d _!! !J §£ 
J )'1- ISh·- 15f'r 

I~ 
-g{e,-J..!a_+~) -J9 13 J.5.g 
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M ~~ ~~ 

!iab = 15 ~ r13 < f3(ab) '!(>." l 1 (>. ")2 1/3 (ab) '>, 1 18a/ 

E ~ ~ 2 
!iab = 15 l: r/3<f3(ab)!l>. 1+>.2 ) ,!f3(ab)>, /186/ 

f3 
a HHAeKC~ ab ~HKCHPY~T o6ono4e4HY~ CTP,KTYPY COCTO~HHR q 2• 

B Ta6n •. 4 npHBeAeH~ 3Ha4eHio1R Mace q -cocTORH~oii1 H noKaaaH 

eKnaA AEcM 1-1 .1E CE· BHAHO, 4TO BK!laA l.lBeT.oMaiH'1THOro eaar.1Mo
Aei1cTBI-1R MO~eT 6~Tb Be!lHK H AOCTHISTb eeni-14HH~ -300 MaB.BKnaA 

~BeT03IleKTPI-14eCKOIO B3SHMOAeHcTBHR no nOPRAKY Be!1H4HH~ MeHb

we, 4eM BKilaA ~BeTOMSIHHTHOro, HO MOmeT 6~Tb cpaBHHM C HHM, 

r.1 B 06~eM CI1y4ae ero He06XOAHMO Y4HT~BSTb. 

4. 06CY~AEH~E. B~BOA~ 

Peay!lbTaT~ pac4eTa cneKTpa Mace q6 cocTORHHi1 noKaaaH~ Ha 

pHc. 1 ,2 AilR pa3m14H~x 3Ha4eH~oii1 lo130Cni<'!Ha T=O,l H 4eTHOCTH 11=±1. 
BHAHO, 4TO 4HCnO ypOBHei1, COOTBeTCTBY~~HX pa311H4H~M q6-KQH

¢Hrypal.li<'IRM c 3HeprHei1 B HHTepaane 2,2-3,1 rae, aenHKO. CpeA

Hee paCCTORHHe Me~AY YPOBHRMH npHBeAeHO B Ta6n.5. 
~TSK, ecTb MHOIO He3KBHeaneHTH~X q6 -KOH$HiYPSI.lHi1,HMe~

~HX 6!1H3KHe MSCC~. 3TO 03HS4SeT, 4TO BO Scex 3aAS4aX, CBR3aH

H~X C B~AeneHHeM weCTHKBSPKOB~X CTeneHei1 CB060A~, KpOMe y4eTa 

npOCTei1Wio1X COCTORHHH He06XOA1<1MO npHHHMSTb 80 BHHM8Hio1e H 6onee 
CJ10~Hble. 

X 

"' 
[CS)S 

c 
w = 
3,0 

__.--(23 ]1 
15"2s2 

~2'11 
2,0 15 

X (CS)S X (CS)S X {CS)S X 

EJilil 8F' = 
ti11o~,,~ ___;-- ' . 3iJ ]1 

IS'2Sl\.__l321l1 15 132111 
42)1 

~~12j0 1~41P2 ~~~~ 
1S~Lt32tlt 1321lt 

14211 

PHC.l. CneKTP Mace meCTHKBapKOBbiX COCTOH!mfr C ·y = 0. 

[CS)S 

II 



!II"- -1 

X (CSIS X lcsJs X (CS)S X (CS]S X (CS]S X (CS)S 

PHc.2. CneKTP Mace meCTHKBapKOBhiX cocTOHHHA c ].,. 1. 

Ta5JIH!Ja 5 

Cp~ee paccToaHHe M~ YPOBIDIMH /M3B/ 

8=0 8=1 

1=0 IT=+l 180 70 
"'"" -1 220 90 

hl ,. ... +1 80 60 
rr = -1. 110 75 

80 8BeAeHHH YK83YBanOCb, LITO MHKPOCKOnHYeCKH~ pacYeT BePQRT
HOCTH q6-~a3~ B AeHTpOHe C y4eTOM nHWb HH*BHWHX COCTORHHH s8 
H ·s·1> 2 npH.Ben K 3HaYeHHIO 5 ·1 O...;S, LITO npHMepHO Ha OOPRAOK BMH-
4HHY MeHbWe O*HAaeMO~ - H3Bne4eHHOH H3 BH8nH38 3KCnepHMeHT8nb
H~X A8HH~X peaK~HH C 60nbWOH nepeAa4eH HMnynbCa H ~eHOMeHono-
rJ.ot"teCKOfO OOHC8HHR pp -paCCeRHH.R 8 TepMHHaX P-MaTp$1ltbl·/ lS~. 
Tenepb CT8HOBHTCR RCHblM, 4TO KPOMe ABYX HH*aHWHX COCTORHHH Ha
AO y4eCTb H APYrHe, 6nH3KHe no Macce, 4TO npHBeAeT K ysenH4e
HH~ CYMMaPHOH BepORTHOCTH. 

B~coKaR nnoTHOCTb ypoBHe~ MomeT 6~Tb npH4HHO~ OTMe4eHHoro 
80 'eseA6HHH HeCOOTBeTCTBHR M6*AY TeopeTH46CKHMH pac4eTaMH WH
PHH HaonHpoaaHH~X wecTHKBapKos~x cocToRHHH /r=l0-50 M38/ c 
AaHHbiMH <j)aaosoro aHanHaa pp -pacceRHHR /r.:-100-150 MaB/.Ha-
6n~AaeMYe WHpOKHe AH6apHOHH~e pe3oHaHCW MOiYT 6YTb peaynbTaTOM 
HanomeHHR HeCKOnbKHX 6nH3nema~HX OTHOCHT6nbHO Y3KHX pe30HaHCOB. 
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Bee 3TO nosaonReT no-HHOMY aarnRHYTb Ha npo6neMy KaapKo
a~x cTeneHeH cao6oA~ a RApax H nOcTaBHTb aonpoc o6 H3ane4e
HHH HeKOTOP~X 06~HX CTaTHCTH4eCK~X 3aKOHOMepHOCTeH B MHOro
KBapKOB~X CHCTeMaX. 

AaTopbl 6naroAaPHbl npo¢ecCopy B.K.JlyKbRHOBY sa MHOr04HC11eH
H~e nnOAOTBOpHble o6cy~AeH~R pa60Tbl H ee pe3ynbTaTOB. 
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