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. !13BeCTHO,' ~TO a· peaKUIHIX nayXHYK1IOHHOfi nepen_a;II .. M.aTpHqHbie. ane~ 

MeHThi nnSI nepexonoa a oclioBHhie · cocT6SIHHSI SI.Uep 3HaqHTenhiio: npeai:.unaroi· 

MaTpliqHble s~eMe~~Tbl .!l~SI ~epe~OJlOB B q!i(~Tble (j 2 )}= 0 .. :: KOH!lJiil"ypa~~~~. : : 

. •· H anpaM.~p, B pea~UHSIX. · 208 Pb( t , p) 2 ~ 0 Pb ~ · u 
208 Pb( p: t~ 0.6Pb. ocHOBHhie coc-

-_, . . .·· . . . . . . :. ·. .·. ,· ... .+. . : "• .. 
·, TOSIHHSI B030YIK.!l810TCSI HOMHOI'O Cl!llbHee, qeM ·mo6ble 'npyrue . 0 COCTOSI...; 

. HHSI, OTO 03HaqaeT, qTQ B SI.UpaX. C.YtUeCTBYIOT K011119KTHBHbl9. BeTBH B030YIK

',' .!l9HHSI
1 

CBSI38HHhle C napHbiMH KOppenSIUHSIMH, 

C ~O.UOOHOfi CHTyauuefi B SI.UepHO.ti $H3_fiK~ yiKe BCTpeqanHCh · B SKCnepH-

. M9HTOX riO KyriOiiOBCKOMY B036y~neHHIO, . B 'KOTOpblX c 6oni:.moil: BepOslTH.OCThiO; 
- .... 

3naqHT91lbHO npeBhllliOIOilieil: OJlHOqaCTHqHbl9 OU9HKII 1 B030YIK.!l8110Cb HHIKafi_mee • ' 
.. ,. + . . . . . ' . . . . . . . . . . .. . . . . . .. • .· . -~ 

·2· cocTOSIHHe; Tai<oe yaenHqenHe aepOSITHOCTH nepexona o6'hSICHSI1IOCb. • cymec:r.~· · 
' ' > I 

BOB8Hlf9M K011119KTIIB!IOH KBanpynollhHOH Be_TBH B036ymnelU!SI, 
'. ' . - .· .. ··. . 

Cxo.ucTBO KonneKTHBHhiX KaanpynonhHhiX 11 napHhiX aeTaeH:_ aoa6y~Kneuii:H · 

sTliM ue. orpauHqHsa~TCSI, B cnyqae cna6hiX. Kaanpy~onhHhiX KOppenSriJ.Hil. 

(c¢epHqecKHe H.apa) ·cneKTP KonneKTHBHhiX cocTOS!HilH npH6mf3HTenbuo SKBil-
• ~~.. / • I ' •· • • • • •, .: ··- • 

tmc'i'anTHhiti, · B cnyqae ~naobiX napHhiX KoppensiUHti . ( H.apa, 6nH3KHe K Mal"H-.- · . 

. qecKnM) ~neKTP cooTBeTcray·romux Konne~THBHhiX coCTOSIHUfi TaKJKe npu6nu-. 
. . Ill. n. . . 

3HT91Ibll0 SKBli.UHCT8HTHblll , pH C!lllh!IbiX KB8.Upyno1lhHbiX KOppellSIUII SIX 

(.uetjJOpMHpOBOHHbie. aupa). ~IIeKTp K011119KTHBHbiX KBa.apyn~llblibJ:lt·. B03oyJKJl9Hlifl 

· CTOIIOBflTCSI poTaUHOHHbiM, .. Toquo. TaK IKe npH CHllhllblX napHhiX .Koppe1IS!IllfSJX -. 
3H9pl"Hfl K011119KTHBllbiX COCTOHHHll: OKa3biB810_TCSJ nponopU110ll81lh.llbiMil KB8/l~ .... 

.. lfl ·:··.·: 
paTy qacna :qaCTHU. TipHMep _TaKOI'O · cneKTpa npHae.aeH B paooTe · , S.Ty. :;· . •. 

. ' .. i . 
BH81IOI'Ifl0 MOIKHO riponomKH.Tb, 
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c" ~--·· '('• 

., ; . 
_, 

,,•, 

B · HacToSimeii pa6oTe irccne.oy~TCSI' o6mae caoiicTaa xonneKTHBHhiX . . ~ . ~ ..... . ' 

.naj')H~ix aoa6y)!{.oeHafi. CHa'lana npoaHamraapyeM y:>Ke uaiiecTHhie TeopeTH'lec-
-· . . • • , .· : ' . I , " .: .' • ' . ~ . . • • . ' :· ·-~ •: • . '. • , ·. ; 

KHe M9TOllhl 1 KOTOph!e _·MOI'YT .6hiTb HCno'nb30BaHhl IIpH pemeHHH IIOCTaBneH- · 

. · f;o~ ~~tia~;~. ·B: nep~yro O'le~-~~~-: OTMeTHM xaa~H6;aoH!ioe_ npa6na)!{eHae · ~ng' : · 
-· : · · l-m . /2/ . · :. · ·· . 

. onepaTOpOB nap .• >l8CTHU . ::£ (-1) · a +.a + · , 3TOT M9TO.Q ·npHMeHHM .· 
•• ·· _ .• • · m·- • · _ l_m -.l-m.···_.· • ..; ·. · ·: :•·": · 

TOnbKO B.•cny'lae ·cna6hiX napHhiX KOppenHUHH, TipH 3Ha~eHHS!X, KOHCTaHThl 

napHhiX can,. npeahrmarom~x HeKoTopoe KpHTH'!ecxoe a_H,a~e:Hire, aoo6me. Henb-

:aSI. onpe.nenHTb _TaKHM cnoco6oM xonneKTHBI;Iyi<r BeTBb' aoa6y)!{.Q9HHSI, B · cny~ 

· '!ae .CIWbHhiX: napHbOI; KOppenSIUHH Hy)KHo' HCIIOlib30BBTb .npyroii MeTo.zi: C 

noMOlUbJO u~v iipe-o6paaoaa'imH· H.H·. Boronro6oa~ · nepeiiTH• oT onepaTopoa ·-.' . . . ' . .. . ~ 

.. :.a'c'i'au' aim ... K onepaTopaM KBa3H'laCTHil at;~: ' a aaieM HCnonb30BaTb .. 

K138SH6030HHOe. npli6na:li<eHHe y)!{e ,nng onepaTopon nap KBa3H'laCTHU 
·- ·. . .. ·- . + . . -131 . - . . " 

. ··. ::£ (-1) 1 
m a + a · . . · - . , To'lHOCTb _STOI'O -.MeTo.Qa TeM BhiJ.Ue,. '19M 3a-' .. 

· _ ;.·m:- . .• jm J-:m ._ . 
'· ·,,,. ·' v·. j-m 

· .. M_eTHee. MaTpH'lHhie sneMeHTbi onepa;opa ;A = ::£ (:....1) 
·· · .' ,, ' jrn 

,· .. 
ai:_ma jm , 1 B3_S!Tbl9,, 

' .. .. ~. ;_. 

· Me)!{.oy ·ocHoBIIhiMH cocToSIHHSIMH .. H.nep;'; ·npeaocxoggT MaTpH'lflhie :snel\1eRThi 

.nng·nepe~o.noa ~e)!{.QY. oCHO~HhiMH. ~- aoa6y~.oeHHhiM~ cocTOHHHSIMH, ~.-~. '!eM.· 

:MeHi:.rne.aenH'lHHa (!1A)
2 

(paBHaSI ..j(<AA+>-<A><A+>)/((-.A><A't;)~6-hit o6o-:- ·. 

-·noqxa ·Tonbio' 'Ha.JnHaei a'a~oiutHTbCSI, 'nnn pai3a~SI-y(<A+~-<A+><A>)/(.(A+)<<A>), 

ecna o6ono'!Ka no'ITH . 3anonHeHa) no cpa~iieimro. c -e.n~~-~~e~: 3.nec~ cpe.n

' HH-~ Bhi'lHCnSI~TCSI ~o ocHo~Hhi~ co6ToSI~HSIM ~.oep. · Bhr-.iricner-m~ B paMK~x· 
.,t ''. . . . . • . . • ' '• 

. _ , caepi1-exy~eii Mo.nena SI.Qp~ "(caMoc~inacb~a~H~cTb 'xoTbpoii H iipoaepSieTcSI-.7. 
~ • • , • - • • • • ' . ! ·~ . • • • ' ,. ·: • . ' 

8 sT-ax· pac~eTax) '.oa!oicne.nyror~me peaynb'TaThr .nnSI g,nep c. 'lncnoM:· ileii- < · . 
. • . . . . :. . .. ~ . ' . . :: ' . . . . - .. . .. .. . 

_. ·:_:TPOHOB ~; 50. AO 82 ''< B pac'!e;ax onepaTop A 6'i,;~· o~'epaTopoM naph!. Heii- ', . 

·---: · ;ponoa). B.ena<u!H~ -.-. :(!1 • .\)'.2 !.oocT~~raeT rvinmiMyMa, paaH~ro 0;4-. y H.oep d ~a-:· . - ... ' .· . . . . . ' . . ~ . ' ' ' . 
nonoimay. 3anonHEiHHOil -~odiroqxoij: -;I .6nn~_Ka K ,9llHI~~~u~· y; smep ,C HOllTpOH~:·, 

.·· ... ::/ Hoii o6ono'!Kofi, ·~oiopasi ionbK~· Ha'IHHaeT 3aiiOJlHS!TbC5I. an·H IIO'ITH 38i10riHe- •: 
' . . . ' . '----2 
Ha. TaKnM · o6paaoM, ycnoane (!1A ) «l He· BhiiiOri!ISI9TCS! ,llng· MHOI'HX 

. ~inep, .KOTOphle .!3 TO ,Ke ~P.9MH Henb35I OIIIIChiBaTb H B paMK8X .KBa3H6030H-
· .. ,·_;· '·:.· 

-:--

... . ..... 
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HOrO · npH6moKeHHS! AnSI one'paTOpOB nap. '!aCTHUo ·llnSI aHanH3a KonneKTHBHblX 

napHblX B036y)Kd~~j{ii B TaKHX SIApaX He06XOAHMbl HOBble ;TeopeTH'leCKHe Me-

TOAbl,. 

C aTOll uenh!O paccMOTpHM MHKpOCKOUH'leCKY!O MOAenb SIApa, y'lHTbi-

Ba!Oll!YIO nHlllh :napHbiE:l OCTaTO'lHbie CHnhi, Mbl He 6yAeM BBOAHTb B paCCMOT

peHHe KBaApynonhHbie CHnhi. C T~M 7 '!T06hi ·Ha nepBOM aTane pa60Tbl He 

'{laCCMaTpHBaTh CBSI3H napHbiX B030Y)KAeHHll C KBaApynonhHhiMH 1 XOTS! TaKaS! 

CBSI3b 6esycnOBH0 ·· pymeCTByeT B SlAp aX, . faMHnbTOHHaH ·. MOAenH HMeeT BHA: 

N =La+
1 

a 
I m m lrn· 

·TaK KaK Mhl 6yAeM 
7
paCCMaTpHBaTh COCTOS!HHS! SIAep, nony'ia!Oll!HXCS! B pe

synhTaTe no6aaneHHSI HnH ynaneHHSI nayx oqacTHU oT ~cxonaoro SIApa, TO 

B Ka'ieCTBe HCXOAHOrO YA06H? Bbi6paTh SIApO C 3aMKHYTh!MH nono6ono'iKa

MH, ~a306beM BC!O COBOKYUHOCTh OAHO'laCTH'lHh!X ypoaaefi. Ha ABe: ypoBHH 

1 
AnSI KOTOpbiX E . - ,\ < 0 • 

+ + 
a lm=aj' m'· 

+ 
· · I -m 

a+ =i(-1}-
1 m · 
+ 

N>(2 j +l).:..N 1 , 
J• - -

'+ 
DepecTaHOBO'iHhie cooTHOllleHHSI onepaTopoB 

BHA'. ? • 

AI . ± 

2N1± (1-->. 
2j + l 

± 

+ + 
[N. ,A1-] =28 1 I' A 1 • 

I± .;i- ± ± ± 

5 

E I -X < 0~ 

HMeiOT 



.Qng , on epa TOpOB C T8KHMH CBot!:cTB8MH KOMMyTaUHH CyiUeCTByeT . npencTaB

/4/ neHHe XoncTe.i!:a:a-TipHMaKoaa . . .. + 
2bj b j 

A+ = b+ yi- + + 
1
± 1± 2j± +I 

'•' 

+ ) 
N1± =2b1± b1± 

+ ' 
[b1 ,·b 1, ]=81 1

,, [b
1
., b

1
, ]=0 • 

. ± ± ± ± '± ± 

B. peaynbTaTe npHMeHeHHH sToro npencTaaneHHH B HaiUeM cny•me raMHnb-. . . - . . . 

TOHHaH MOnenif CTaHOBHTCH ljJyHKUHeii TOnbKO 6030HHhiX nepeMeHHhiX
1 

'ITO 
' . 

O'I8Hb. yno6HO npH aa:annae KOnneKTHBHhiX. CBO.i!:CTB Hnep: 

- ~ -. 
j~ j+ 

~, 
j_, l_ 

:- ~ 
j+ ,j_ 

+ II = ~ "2(E"j -..\)lij bj 
l.j. + . + + 

+ 
+ ~ 2(..\-(j _)bj bj 

l_ - - -

+· + 
+ 2bl bj. 2bl' bj' 

G1 1, b
1 

vO- +.+HI ... + +) b
1

, 

+ + + 2j +I 2j' + I + 
+ + 

2 + + 
Gc 1..: bi_: vO- b1_ bs:...) (I...,. 2 bs_: b 1,: 

2j_+I .·. ·. 2j..:+I· 
b +, 
.l_ 

. + + . 2bj+ b1+ 2b f bs 
G 1 1 l b 1 b 1 vO- 2 . I HI -

2
. - I- ) + h. c. I . 

+ - + - J,+ + j_ + ·. 

( 1 ) 

· Yfa ( 1) BHnHo, 'ITO 'IHCno 6o30HOB B CHCTeMe He MO)!{eT npeBhilll8Tb 'IHCna 

BaKaHTHhiX MeeT nnH nap .. 'IUCTHU (nhipoK) Iia onHO'I8CTH'IHhiX YPOBHHX B . 

COOTB8TCTBHH C npHHUHnOM TiaynH, 

Ecnn ponb KoppenHUHH B CHCTeMe He3H8'IHTenbHa, T,e, CpenHHe 3Ha-

2ht+ bl+ . 
'IeHHH onepaTopoa ' 

2 
.-. I- « I 
J± + 1 TO I'8MHnbTOHHaH (1) npH6nH)!{8H-

HO MO)!{HO 38M8HHTb cnenyiOIUHM Bhlp8)!{8HH8M /2/ 

+ + + + . Ib ~ 2(E1 -..\) b1 b1 +~2(..\-(1 ) bi bl -~ ) G
1 1

, b
1 

b
1

, +G
1 1 

, b
1 

b
1

, + 
j + + + j - - -j ,j ++ + + -- - -+ - ± ± 

6 

+ + 
+G1 1 (b1 b

1 
+h.c.)] '·· 

+ - + -
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.. 
KoTopoe AHaroaanH3HpyeTCH nHaenHhiM npeo6paaoBaHHeM 

' + . 
'£ (U {3 +U {3 ) • 

k k k+ .l+ . k+ k_.l+ k_ 
+' - - - - + - + . 

; '". 
B peaynbTaTe nony"!aeM 1 'ITO. 

.. : + 
H "' '£ wk {3k f3 k + 

k+ + + + 

. . . + 
'£ (J)k f3k ·.. {3 k 
k 

T.e. cneKTP ypoBHe~ CHCTeMhi aKBHAHCTaHTHbifi. -B cny"!ae 1 KOrAa Gu' 

·= ~ y(2j+1)(2j '+'1.) .I (J)~± HBnHIDTCH KOpHHMH ypaBHeHHH 
l 

2' +1 2j +1 
2 '£ 

J+ '£ -
G'= + 

l+ . 2 (£ -A.)+ wk.± 2 (A-£ l ) t Wk 

l ± 
+ 

(2) 

rpa<lJH"!eCKHH BHA KOToporo npHBeAeH Ha pHC. 1. 113 pHCYHK8 BHAH0 1 'ITO 

G onpeAengeTCH paBeHCTBOM 
Wi+=w 1_=0 npH G= G 1 rAe KpitT, KpHT. 

2
= G '£ 2j + 1 . 

KpHT. l 21 £l _ A. I ~ 8To KaK paa TO aHa"!eHHe 

HBnHeTCH pemeHHe. ypaBHeHHSI AnH aHepreTH"18CKOH-llienH B CBepXTeKy"!efi 

G npH KOTOpOM no-

MO.AenH HAp a. OpH G > G cTaHOBHTCH KOMnneKCHhiMH KOpHH w 1 +' w 1 . , 
KpHT, . -

OTBe"'aiDlllH8 KonneKTHBHhiM napHhlM B036y~A8HHHM, 8TO o6cTom::enbCTBO 

. HnnrocTpHpyeT orpaHH"'8HHOCTb npHM8HHMOCTH paCCMaTpHB88MOrO npH6nH*8HHH 

o6nacTbiD cna6hiX napHhiX KoppenHUHfi, 

C pOCTOM BnHHHHH napHbiX CHn CT8HOBHTCH He06XOAHMh!M Y"'~T BKnaAa 

OT onepaTOpOB 2b+ b /(2j+_ +l) 1 'ITO CBH38HO C noHBneHH8M aHrapMOHH-
l± J± 

· "!eCKHX a<!J<!JeKTOB B CHCT8M8, J1HTepeCHO OTMeTHTb 1 'ITO aHrapMOHH"'HOCTb 

6yAeT T8M M8Hblli8
1 

'18M 6onblli8 Kp8THOCTb BblpO*AeHHH ypOBHefi (2j ± + 1 ). 

EcnH
1 

aanpHMep
1 

AnH 6nH)Kafimero K noBepXHOCTH <PepMH "!aCTU"'HOro ypoB

·. HH 2j+ +} » 2 
1 

a AnSI 6nH*afimerO AblpO"'HOrO ypOBHH 2 j + 1"' 2 1 TO 

npH Ao6aBneHHH K TaKO,MY HAPY nap 'HyKnoHOB aHrapMOHH"!eCKHe· a<P<PeKThi 

6yAYT npoHBnHTbCH aHa"'HTenbHO MeHbllle 1 "!eM npu yAaneHllll HX. TaKaS! 
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CHTYBUHSI C 0JlHO'I8CTH'IHbiMH ypOBHSIMH peanuayeTCSI B H30TOI18X CBHHUa, 

rne nnsr 6nHmaitwero 'laCTH'IHoro ypoeHsr 2j +1=10 , a nnsr 6nHmafiwero 
+ 

JlhipO'IHoro ypoeHsr 2j_ +1 = 2 • Ha pa3HOCTeit me aHep~HH OCHOBHhiX cocTosl-
. - Ill . · -

HHH ·'BHJlHO : 1 'ITO OTKnOHeHHg OT 9KBHJlHCT8HTHOCTH 3H8'1HTenbHO 3aMeT-

Hee nnsr H30Tonoe CBHHua c A< 208, '!eM nnsr H3oTonoe c ·A >.208, 'ITO 

HaXOJlUTCSI B cor~aCHH CO C)lenaHHblM BbiWe YTBepmJleHHeM. 

B cny'lae CHnbHbiX napH~IX KoppensruHa,· Korna eonHCrnasr ¢Y.HKUHSI Sill- . · 

pa B OCHOBHOM C~CTOHT H3 KOMIIOHeHTbl C 60nbWHMH 'IHCnaMH 6030HOB1 one-

paTOpbl b.l b + .MOmHO paCCM8TpHB8Tb KnBCCH'IeCKH, 38MeHSISI HX cpen-± J± 
HHMH 3H8'1eHHSIMH 

(3) 

rlle 
2. 2 . 

VJ ( V J < 1) ± ±- - sepo'srTHOCTb aanonHeHHSI ypoeHSI 'laCTHUBMH (j )· 
. + 

llblp~aMH (j_ ) • ll 0JlCT8BHB ( 3) . B raMHnbTOHH8H .( 1) H rtpoeapbHpOB8B 

IlO v 1 H8HlleM H3 ycnOBHSI •·~ = 0 1 'ITO l± ~ 
u vl+ 

- G l + l' ( 2 j ~+ I ) Ll l • 
--=::::::::-::a::::~::::::a:::::::: I ,a=± • 

A aTo aaeeCTHhie · peaynbTaThi ceepxTeKy'leH MOllena Sillpa. 
. . 

l13 paCCMOTpeHHbiX rtpHMepOB BHllH01 'ITO raMHnbTOHH8H MOllenH B 

¢opMe ( 1) noaeonsreT ·nony'IHTb yme liasecTHhie peaynhTaThi nnsr • cnyqaee 

cna6ofi H CHnbHOit rtapHOH KOppenSIUHH, H B TO me BpeMSI OIIHCbiB8Tb nepe-
• . 

XOllHyiO o6naCTb 1 B: KOTOpOH BHrapMOHH'IeCKHe a¢¢eKTbl T,OnbKO H8'1HH810T 

nposrsnSIThCSI. .,. 
· CnellyeT, onHaKo, OTMeTHTb, 'ITO np~JlCTasneHae XoncTefiHa-llpnMaKo-

" BB 1 UCrtOnb30B8HHOe B ( 1) 1 O'leHb Heyno6Ho C.· 'IHCTO npaKTH'IeCKofi• TO'IKH 

_apeHHSI H3-3a npacyTCTBUSI ~nepaTopa noll _3HaKOM KBallpaTHoro KOPHSI. 

Eonee paunoHanbHO eeeCTH oriepaTopbi 

9 



x/ 
+ l+-m.. . 

.\ '. = (-l} - ·• a+ a+ · , N · 
j ± m . · j ± m j ±- m J± m 

+ + . 0 a : a · + a
1 

, a
1 

, m > _ . (4) 
.. l ± m J ± m ± -m + -m 

TaK K8K co6CTBeHHb!e 3Ha'leHIHI onepaTopa h,+ bj nnn <iJH3H'leCKilX . . + m + m • 

. COCTOS!Hilil paBHhl n~6o 1, nHflO 0, TO He ll3MeHS1Sl ~aTpll'lHbiX ane~eHTOB 
. + f + .. 

-onepaTopoB A
1 

· , Al , MO)KHO 
+ m . + m 

3aMeHHTb ,j 1- b J mb J m-+ 1-h1 m b1 m • 
,. ±. ±._ ± ± . 

B peaynbTaTe raMHri~T;HHBH 6yneT conep)KaTb TonbKO nsyx-, qeTbipex- 11 

llleCTH6030HHbl·e qneHbi: 

- . ·+ - + - - . + ' .+ 
H=22(c -.\)b b + !.2(>.-c )b b- I ,I G, ,b '(1-b b ) ~·. 

s+ s+ s+ s+ s- s- s- s- sz•" ± 8+,8+ s+ s+ s+ 
+ - '+ + + ... - +'+ 

xO-b, h., )b, +G ·--,b 0-b b )(1-b%, h ,)b, +G .. [b +b 0-
s + a + s + s-s- s- s- s- ~ "':""' 8 - s- s+s- s s-: , 

- h
8
: b 

8 
+ )(1- b a~ h

3
_) + h, C] I - G JJ, 

s ± =j± m ' ( s'+:"fs+ 'fs'- =fs-- Gs-s-; G ssP ,j(j +~)(j +-!-) 
OepeXOllll'M K pellleHHIO OCHOBHOH aana'lH pa60Tbl - BbineneHHIO KonneK-

Tl!BHblX Ii:apHbiX BeTBeH 'B036~)KlleHHSl, ,Ung :3TOI'O He06XOllllMO OTBeTHTb Ha 

BOITpOC 0 TOM, K8K CHnb,HO CBS138Hbl npyi'. C llPYI'OM KOnneKTilBHble ll l!eKonneK-
, . ' . . '( 

TIIBHble BeTBil, PelllHM STY 38ll8'1Y ITpH ITOMOlllH K8HOHH'leCKOI'O npeo6pa30B8HilSl 

6oaoHHhiX on epa Topos: 

h+ = 2 ( u 
s.:t- k+,k- k±•"± 

f3+ ~u f3 ), 
k+ k-. "+ k-· - + - + 

KOa~qlllUileHTbl; KOTOpOI'O ynosneTBOpSl!OT ycnOBHSlM 

2 (U , U 
k+, k- k±' 8 ± k± • s , ± 

-U 
k+ 

u , )~ ~ , 
k + , s _+ . s.±• a t ,at 

2 (ll u 
k+,k- k+,a+ k+,.s-

u : u . )=0 k•-,a+k-,s-

2 (tJ . • , u , . ...:_ u ' u , .· ) ,;, 8 
s+,s- \±•a±. k ±:s+_ k±, s + k ±s + 

. " ··. 
k±· k ± 

2 (.U U ·.. - U U 
k+. :!1 + k~· • .s+. k-' 3 ~ 

) = 0. 
k·+,s-s+,s-

xl · · · + 
Eo3oHnoe npencTasneHHe nnn onepaTopoB A1 , N • m j m 

+ + + ±+ . ± 
A. =h ,jl-b b N -Qb b 

J± m l± m i±m jtm ': j ±m- j±m j±m' 
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HMeeT siln: 
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.B TepMHHaX cinepaTOpOB {3k± + 
1 ~ k .:1- nocne· npHBeneHH~ K HOpManbHotl: !jlop-

Me.raMHnbTOHHaH 3anHIII9TC~ TaK: 

r.Qe· CyMMHpO~aHHe no s· BKniO"'89'I' KaK CYMMHpOBBHlie no s+ 
1 

TBK li 

cyMMHpoBaHHe nos- B (7)· D+=2( ~ -.\), D =2(.\- i )
1 

{ -ne-
• · " . · s+ ..- s- s-t 

p9HOpMHpOBaHHb19 3Ha"'9HH~· onHO"'aCTH"'HbiX 8HeprHtl: 1 a ('; ss, -nepeHop~,1H-
·po~aHHbie. KOHCTaHTbl B38HMOnetl:CT~H~. . rfepeHopMHpOBKa npOH30IIIna npH 

npHBeneHHH raMHnhTOHHaHa, BbipameHHoro ·"'epea onepaTopbi {3 k± 
1 

{3 :.:r 
K HOpManhHotl: !jlo~Me, BenH"'HHa nepeHopMHPOBKH onpenen~eT~~ xoa!jl!jJHuHeH-

. TaMH uks • HanpHMep, 

- ~ ~ G s+.~-l\."Ts+ll-; .. ,;. ;_t.t: ,s+ -;- 4 ;:_G a+,s-!: U k- ,.,_ U k"-, .. Jr Uk:,;_ 

"' 2 2 2 
G . ,= G , [ (l-2 ~ u ){l- 2 ~ u I)+ 6 ( ~ u u ,) J 
. s+,s + , s+,e + k- k-,s+ k- k-,st k- k-,s+ k-,s+ · 

H lnt conepmnT "'neHbi "19TBepTotl: H 111ecTotl: CTeneHH no onepaTopaM f3 k±' 

~ k: 1 3anncaHHbie B HOpMan:bHotl:, !jlopMe,. Bbipa>KeHHH nn~ Koa!jl!jJHUH~HTOB 
npH 8THX "'neH~X 0"19Hb rpOM03nKH H nOSTOMY He npHBOn~TC~ B JtaHHOtl: pa-

6oTe, ,· ','' 

\ Koa!jl!jJHUH9HTbl K8HOHH"'9CKOro npeo6pa30BaHH.H uks 06b!"'HO onpenen~-
IOT H3 ycnOBH~ nHarOHanH3aUHH KBanpaTH"'HOli no 6o30H8M "'aCTit If 

1 
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'. 

~.e. H 
0 

· . ." B llaHHOM cnyqae Mbl He. 6ylleM _llenaTb. a'l'oro. Bo-nepBbiX1 

noTOMY, 'ITO HMeiOTCSI eme H aHrapMOHH'leCKHe qneHbi 1 BXOllSIIUHe. B H lnt' 
. . ' j .. 

H ecnH aHrapMOHH'leCKHe acpcpeKTbi BenHKH, T,O onpeneneHIIbie TaKHM cnoco-

6oM 6oaoHbi oKa»<yTcSI· o'leHb nnoXHM npH6nH>KeHHeM K lleficTBaTenbiiOCTH. 

Bo-BTOpbiX
1 

noTOMy
1
,'lTO B006IUe HeB03MO>KHO oi:IpellenHTb TaKHM nyTeM KOn-

. ~ I 

neKTHBHbie BeTBil B036y)l(neHHSI1 ecnH KOHCTaHTa napHbiX CHn. npeBbiiUaeT. 
' ' . . 

HeKOTopoe KPHTH'leCKOe 3Ha'leHHe. Ho TaK KaK aHrapMOHH'l9CKHe acpcpeKTbi 

cymecTBeHHhi 'TonbKO llnSI KonneKTHBHbiX BeTBefi, . TO c noMOIUbiO npeo6paao

BaHHSI "(5) MO>KHO llHaroHanH30BaTb HeKonneKTHBHYIO 'laCTb H o • TeM ca

MbiM Mbl OT)lenHM HeKonneKTHBHbie B9TBH B036y>KJl~HHS! OT KOnneKTHBHblX1 

t!To H pemHT nocTaBnemtyiO aaJ?.a'ly. TaKHM o6paaoM, npeo6paaoBaHae U.i) 

npHBOll~T H 0 K cnenyiOIUeMy BHilY 

+ . + . + + 
8 o = ~ wk+ f3 k+ f3 k+ + "f_w k- f3 k.fl k--g ({31+ f3 1-+ h.c.) (8) 

I'll9 HHlleKCbi 1+
1
1- 0603Ha'laiOT KOnneKTHBHble napHbie B9TBH B036y>Kll9HHS!1 

CBSI3aHHbie COOTBeTCTB9HHO C )l06aBn9HH9M ,H yllaneHHeM nap HyKnOIIOBo 

KoacpcpHUHeiiTbi U k,s onpenenSIIOTCSI H3 ycnoBHSI npHBelleHHSI H 0 K BHllY 

(8). 

nnSI HnniOCTpaUHH np11B9ll9M 'laCTb peaynbTaTOB 1 nony'le!IHblX )lnSI Cn)'- . 

'laS!, KOI'lla nepeHOpMHpOBKOfi OllHO'laCTHt{HblX 9H9pi'I1fi H KOHCTaHT B3aHMO-

lleficTBHSI MO>KHO npeHe6pe'lb, ·a G ,=G H cxeMa onHo'laCTH'lHbiX ypoBHeit 
5 8 

CHMMeTpH'lHa OTHOCHTenbHO ITOBepXHOCTH cPepMHo B 9TOM cnyqae W l+=w1_=W 

'U =X D.s":f.Ps(g+w! x-2=,2( ~w)I. . Ds I 

1- 3 . 02+ 2 2 g "(02 2 ··2)2 
+' " g - w · " +g -w. 

I'lle P = +l 
s+ -

, a XHMH'leCKHfi noTeHuHan A ( 2 2) H BenH'lHHa g - W on-

pellenSIIOTCS! H3 ypaBHeHHH 

I. 
p 

= 0, 
" w 

........ .' 

1 = G I. 
s 
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·. 

' ... 

\ : 

Benn'ltiua 

"~ ........ · 
,, ' 

( g+w ) oc'i-aeTCH npOl!3BOnhHOll. Oua He' BniH!eT Ha peaynh;_ 

TaTbi Bbi'Incneunll: •. bauaKo ·anSI ~oro 'IT06bi npaBnnhHO. oueHHTh BenfittnHbi .· 

OTHOilleHl!ll KOl~~'-raHT 'CBSI3l! Konm:iK.Tl!BHb~X . BeTBell B036y)KJleHl!SI · Jlpyr .C Jlpy-

~OM K KOHCTaH.TaM CBSI3l! · KonneKTHBHbiX · BeTBell: BoaGy:iKJleHHSI · c aeK.onne~
TitBHbiMH' cnenyeT Bbi6pa Tb ' ( g + w) ' TaK, 'I_T()6bi cpe_nuee 'll!Cl!O HyKTIOHOB 

n~.'yp~Bumc 'Bbtllle 
2 
noBepxuocTn <PeJ?t.m .B coc.ToSiuuu, 6ea ~oao.HoB .(pa~.Hoe .•• 

~>X2 (D s-g-w) ) . · · 
s (D ; + g _2 .. ::w2)2: paBHS!nOCb 6bi. Cpea.~eMy 'IHCny HyKnOHOB Ha 8TH X ypoB- · .... 

.. 'HSIX B. OCHOBftoM; COCTOS!H!!lf · S!Jlpa_, 

3H£!SI KOa!jl<jluuneHTbl •. U k·,~ 1 HeTpyJlHO Bbi'IHCnHTb KOHCTaHTbl llpii 

-~~i~tpei.:..'. ~ lllecT~6oao~u-btx ~neuai ~ raM.Hnh;ouuan~~ hpu aToM oKaahi~aeT- · , 

C_iJ, 'ITO. CBSI3b KOnneJ~THBHbiX. 6o30HOB llpyr C JlpyroM .3H8'1HTenbHO npeBbi

lllaeT _ux CBSI3h c uei<onneK~Ii~H~I~n·6~3oli.~MII •. rioc.ne;H~ID M~)K~O y'l~~bi-:-. . . ' ' . . 
· ··BaTh no. Teopuu B03Myllleuull:. P·o~b, ~ecTu6~3ofiHbiX 'lneuoa iieaua'IHTenhHa. · .. 

\ ...... ···.·,"'~ ,'" .· . ·'• :·.·:·1'" __ :.: ···.·.···-.··:.:·~~-- ;·.·. ,,,',, . ·.::.: ' ~-·:·.~ . .... 
. : . . BcneacTBH~. a Tux npu'mH rrpu auanuae .. MHorux a¢<jleKToB; CBSI3aHHbiX c ·nap-;-

• • • • ~ • ; • ... • . • ' •• • • • - ~ . • ! 

.... ·.' .. "' '. 

,· H . ·:,. ~ ([3 + {3 '+ {3 + -~ ) ~ g( i3 + .· {3 I+· + h.d + ·. 
· -·: . I + , . I.+ .. · I'":' . I-: . · I + .. -, . 

G(4)'.,.· ' ({3+ {3 + {3 + - + ' ) ". (4) ''{3 + {3 ":-[3' '[3., ·.·+ 
+ 1+',1+',1-,1- 1+ 1+. t-f3t_+h.c. + 4 G · ·· 1 ' . ' . ,' . ', . 1+,1+,1-,l- ,1+ 1-. 1- + ' . . . ... : 

(9) ' 

' ' 

+2Gc4 ~:, .. ({3+{3+:.[3+··f3.+h.c.):r2.Gcn '(i+-{3+:{3+ {3 + 
··: .· .t.t,l+,l+,l- 1+ ·1- 1~_::_· I_+ ·• :. · ... 1+,1-,_1_-:,I-:;- 1._+. · 1-· ·I-::· 1.-:: 

'f+ h-.-~), . ,: 
. . 
• ~ c4> · · · . . 
. ·rae G. 1±· 1:1;,1±,tt.. - !<()HCTaHT~i· 'leTbtpe;x9oaouuoro B3al!MOAeilcTBHSI. 

H ana eM B aTOM )Ke rrpu6nn)KeHHH Bb!pa)Keune JJ.nSI o'rrepa Top a. 'IHCna ' . ·, '. · .. 

'18CTlfU: ·. 1 • .. : 

'' 

N'=~NJm·=~ N · · +'~ (2..:N·:~ )=~(2j +.1) +~· N . -iN 
,·jm . j+m j m l . · j· m j - l m j+· m l_-~ _l, m . +.' _m .- - ' + 

.· . ·. 

•' o<l • 

· .. . ··' 13 .•. ·:._; . 
..... • 

. . ~ .. .... . ' .. ..· 



-~ .. ...... _;_~ ' ' ~ ~ 
.... -... It' .-. ··- .... . .. . .: o "' '~. • • A •• 

-··: ' ' t;· - . 
· .. 

: :·. Ec.nH' oTC'IHThiBaTb qifc~o 'laCTHI( OT ·aHa'leHHSI, p~BHoro -~ (2j'_ +1) . , -To-
.. -._: •. _:~:._;· ... ·.. . .. - .", : ... , .. _ .. ·: -~ .. -l_- .. 

· ·_. OIIepaTOp 'IHClla. '18CTHU 38IIHllleTCSI: TaK: 

·-

... , .. 

·.l_ ; 

. . . . .··. : . . . .. . .. ) 

'· N = ~ . N - ~ N ·. ;, 2 ~ b +. b ' ....; 2 ~ b -+: b · • 
:~ .. 

. .. 
q:m l+m j~ml..;,m ·Jm J_··m ·j·~ jm_.jm:.j'm. 

• ' .. . + . +. +.. - ~ - -
I1_crr~.nbayg (5) II, COOTHOllleH!ISI OpTOI'OHallb~OCTH. (8) 1 IIO.IIY'IHM' 

+ 'N .. 2.~ {3 {3. -2 ~- {3+ {3 . 
k+ k+ k + . k-: k- k- . 

; ;~ .CoxpaHSISI TO.IIbKO KOllneKTHBHble 0030Hhi 1 rro.nyqaeM 

> .... .· . . + + 
N = 2 ({3 · {3 - {3 · {3 ) • 

I+ · I+ 1- 1-· · (10) .... · 

. .. 
Co6cTBeHHhie · 3Ha'leHuSI n ·co6c-i'aeHHhte: <jly~KUHH raMHllbTOHHal!a (g) 1 •. 

SIB.IISIIOll!HecSI onuoapeMeHHO H co6cTrieHI!hiMn· <jJyHKUH.SIMH orrepaTopa 'IHC.na 
~ ' . ' -· ~ ·. ,~ 

qacTHU (10), HeTpynHo HaiiTH 'IHc.neiiHo. OnHaKo pgn· Ka'leCTBei!HhiX peay.nb-. 

••· . · TaToa M~iKIIo · rro.ny'lnTb, paccMoTpeB raMHllb.TO~Maii (8) a npy~~~ rrpencT·a~~; · 
" : I I . . 

• neHHn. BaeneM orrepaTopht q = 2- Z"(f3 +{3 + ), p .. 2-2 i ({3 + -{3 ), q +.,p +, 
. : . I+ ~- I+ · 1- .. 

YllOB1WTBOpSIIOll!lle KOMMyTaUHOHHbiM . COOTH0111eHHSIMI. XapaKTepHbiM· ll.IISI OIIe_; · 

paTOpOB KOOp/li'IH8Tbi II IIMIIYllbCa 

.. · [ q, p ], i' [ q' q+] .. [ p' p + ] "' [ q' p +] .. o . 

" 

Bblp8)KBSI I'8MHllbTOH118H 'lepe3 STII orrepaTOpbi H COXpaHSISI B HeM l!aH6o.nee 
; ~ . . . . "~ .. ··. 

,·~: cyll!eCTBeJ:!Hhre 'lnel!bt 1 no.ny'IHM •'":"·1 >:. 

~ ·n ==(A+2B) p+p ·~-~~(qqpp+h.c)-cq+q·;.D(q+q )~ 
2 ·. . < 11 r 

Kos<jJ<jJuuneHTht A 1 B C 1- D BbtpaiKaiOTCH qepea· ( g~~j 1 ( g 2 
:-(1)

2) li 

KOl!CTaHTbi 'leTblpex6o30H!ioro aaanMOJleHCTBHH~ • Kos$<jJHUIIeHT c IIO.IIO)I{IfT,e.neH ·'·. 

B C{ly'lae CHllbHbiX. H OTpHUaTe.neH B. C.IIY'Iae C.1180biX rrapHbiX KOppe.IIS!IliiH, 

_B STOM )Ke rrpellCT8BlleHUH OIIepaTOp 'IHC.IIa '18CTHU 38IIHllleTCSI Taiq 
, 

•. 
., .. : 

' ~· 
-;.~{. 

• ~ .If;<' 
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/ •, 

.": 

'{' 

<. 

,. 
' ; • • ~... .1.', 

'' 

·.:· 

N'2'(++·'·)· .=. !_, q .. P_,·:qp __ _. 

BocnoribayeMcSI I.(H¢Jijlepeauuan~~b;M .. npeacTa~~~H~eM: onepaTopos 
··'.' 

a --.-.a· ·z'. '. -.. 

~ ·--' < 

z:'-KoMnneK'citaSI ·nepeMeHHaSI; TaK KaK onepaTop 

B HOBbiX nepe~eHHbiX onepaTop .'llicria _'laCTHU pasea: 

.· . a 
N :"'2•7['¢• 

··:·., 
a l'aMHnbTOHHaH aanHWeTCSI TaK: ..... ·' ' . _., 

.;.-

. . 2 

t, •' 

,.r, 

(12) 

p. q: _- ; 

•',<._(-"'-

.( 13) 

•·" 1· - 2 a · ·· =-- (A+Br )( -. + 
·.-- 4 ---- · : ·ar 2 • 

:~ ·1·'' _.·' 2 ~-- a2 ' .2 
--)--(A +3B r ) -· --- C r +Dr 4 
• ar 4• . I .·r_2-'a¢2. ·' .• 

.l 
r 

... 
Kaii: . sil,qao H3 _( 13), C06CTBel!HbiMH QJyHKUHStMH on epa Top a 'IHcna 'ISCTHU 

HanSIIOTCSI .QJYHKUHH e- -;-~ ¢ a· co6cTseH~bie. $YHK_UHH . II ·. - uMeiOT 

. ' . ~. ~;. / .' ·. 
·• • • ' f~ 

Konn. · 
BHJl:' . 

- -LN¢ . 
( 

2 . 
'P r ,¢ ·) = e . X ( r), 

- ! 
't 

'.• •, 

rae 
'. 

)( ( r). YllOBJ:leTsopSieT :ypasi.teHHIOi 
' • ' • • ~" '>-~ 

~ . . . . . ~·; ~ 2 ·. • ' • 2 ... 

.!.cA'+Dr 2 )(---#, ~-.1.:. ~)..:. ~(A+3B~ 2 ) l ~ Cr 2 +Dr 4 
4 . ·, a r r a r. 4 . .. .·16 r 2. 

·.,._0TM~THM, .;;o 'ljJyHKUHH 

'ITO'H ci>YHKUHH BHrHepa 

a _H~meM cny'lae lfrpa!OT Ty >K~. po~; : · .· 

B · otSo6meHHOii. MO)lenH SIJlpa, 

_1. 
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.· }• .. ·.. -.~ .. ·, 
• w .. ~ ~ .. • • ... 

B ·(14)0 qnen :(.:..Cr 2 +Dr. 'f) 
~ . . , I -~· ' ~ 

HrpaeT ponb noTeHUHBnhHOM aneprHH. 
' •' t 

0 napHbiX KOne6amdi. Bo cny"lae. cna6hiX napHhlX KOppenstUHM c < 0 .· H npTeH-
0 

0 • •· · 0 .. ~:' 0 ulian~Hast ;neprH.H ~MeeT· MHHHMY~ npH r ~ 0 ·.·. • CneKTP Kon~eKTHBR~IX · rioa:- ·. 
: .. ••. 'O"',. • • • . . . •..... 1 • . . .. 

. o. '· · 6y>i<nemu1 np!i. STOM 6yneT SKBHllHCTaHTHhiM~o-B cnyqae CHnbHhiX napHhiX: 

·~_: ... ~ · . ."KOpopemiUHM· . C > 0 H .noTeHUHanbHaSl· SHep·r~HI UMeeT. MHIIHMYM npH r ,;,r f. 0: .· 
• .... . . •• ·• . ,. . .. . . . 0 . 0 .. ' 'o 0 . . 0 2 : :· 

. Ecria·:aTOT' MHHHMYM onocTaTO"lHO rny6oKHM,· T~ B cnaraeMOM (A+3flr~) L 
~. ~--."0' ":··. :·-·.·· ·: •. 0 :· 0 ·•· .. • .... ·•••• ~ .· .)6'? 
.• ,. ,. MO.lKHO. aaMeiiHTb. r 2 na . r ~ • Torn'a aneprHH oc.HOBHhiX cocTosmHli : 

. M~P 6ynyT nponopUHOHanb~hi . •.N 
2 

•. ·"'TO Ka"leCTBeHHO cornacyeTCH c . 
• 0 • 

SKCnepHMeHTanbHhlMH naHHhiMHo 
;,• .-· 

,'•' 
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