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KaK ~3BecTHo, W~POK~~ Kpyr ~~3~4ecK~x np06n eM ~3Y4aeTCR B 
paMKax MOAen~ cn<lGoHe~AeanbHoro 603e-ra 3a . np~ 3TOM Y4eT n~Wb 

n <l p H~X B3a~MoAc~CTBM~ MemAY 6030HaMM, RBnRRCb AO CTaT04HO COAep

*aTenbH~M B ~~3~ 4C C KOM nnaHe, AonYCKae T T04 Hoe MaTeMnT~4eCKoe 

p eW€HMe B cnY 4 ae OAHor o npOCTpaHC TB e HHo r~ ~3MepeHMR, KaK B KBaH

TOBOM, Ta K M B KnaCC~4e CKOM c nY 4ae. 
o03e- r <:l3 OUl1 <lJ.\a c T PRAOM np~Me4<lTenbHbIX CBO~CTB, onpeAeneHHO 

C BMACTL'f1b CTBYI~I-1X 0 Ha m 14MM B CMC TeMe HeKOMnaKTHO~ CMI1MeTpMM . 

CpeA~ H ~X - Ha n M4 MC KOHA e Hc aT Horo COCTORHMR M3 GecKoHe4Horo 4M

cn a 4aCT~ij M 6oron o 00 Bc KMX B03GY*A e HM ~, CBR3aHH~X C r~nep60nM 

4 eCKM M Ka HQH ~4eLK~M npeo6 p a 30saHHcM. HaKOHeij, B oAHoMepHo~ CM

CTe Me CYIl1L!CT BVC T "AbIP04HaR" /nM60 BCKaR/ MOAa B036Y >KAeH~i1, COOT

Be TcT By~aR Ha Kn aC CM4eCKOM YPOBHe /B MCTOAe caMocornaCOBaHHoro 

n o nR/ Lo nMT OHY A~ p04Horo TMna - KMHKY. Xap~KTepHO, 4TO aMnnMTY

Aa KMHKCl 3aBMCMT OT CKOPOCTM ero A8M * CH MR M npM AOCTM*eHMM CKO
pOC T~ 3BYKa oGpall1 a eTCR 8 Hynb. 3 TO CBO~ C TBO "aHanor~4Ho" TOMY, 

KaK B CneijM anbHO~ TeOPM~ OTHOCMTenbHO C T~ pa3Mep~ Tena R8nR~TCR 

~YHKijM Ci:i e ro CK OPOCT M, 4TO CSR3aHO C HCKOMnaKTHOCTblO rpynnbl 

n Op eH ij a . KMHKM HenM He~Horo ypaBHeH~R rupeAMHrepa /HY~/ , onMC~

Ba~ll1erO cnaGoHcMAcanbHw~ G03e- ra3 C OTTanK MBaHM eM Ha KBa3MKnac
CM4 CCK OM YPOBH € ,Aony cKaIOT ~HTe pnpe r a ij ~1O Ka K CBR3a HHoro COCTORH MR 

~3 KOH€ 4 HO rO 4M ( n a A~pOK 1 ,T aK M CB R3aHHoro COC TOR H ~R ~3 6e CKO
He4 Hor u 4Mc n a 4aC l~u2.np~ 3T OM ~3BeCTHo,4TO CBR3aHH~e COCT OR
H~ R ~ 3 KUH€ 4 HOr O 4~cna 4aCTMij B CMCT e Me HeYC TO~4~B~ ~ 6~CTPO 

pacn aAaDTCR.3T ~ C8 0HC T8a c na60He~ AeanbHoro 603e-r a3a yKa3wBa~ T 

Ha H a nM4~e B C~C T eMe He KO TOpo~ HeKOMnaK T HO~ rpyn nw CMMMeTpM M,T .K. 
Bce yHMT apH~e HenpH BOAMM~e n p eAC TaBn e HMR nocneAHe~ Ge CKOHe4HO 

Me pH~. PeanM3aij~R YHMT apH~X n peAC T aBneHM~ Mo*eT 6~T b OC Yll1eCT

BneHa BB eAeH M e l~ KOHAl~ Hc aTa KOHe4HO~ nnOTHOCTM p : liD! N/V 

N .,'" 
V ' 00 

B KB aH T OBO~ CMC TeMe M nOCT aHOBKO~ H eTpMB~an bH~X r paHM4H~X ycno

BM'" Hd nOIl R KnaC C~4eCKO~ CMC TeMbl . 

Uen b Ha C TOR~e~ p aGoT ~ - B~A BneHMe H CKOMnaKT H O~ TeopeT~KO

r py nnoBo~ C T PY K Typ~ MOAene~ cna60 HeHAeDflbHoro 603e- ra3 a , CBA

3a H HO~ C Hca6eneBO~ AM HaM~4eCKO~ r pynno~ nMHeapM30B a HH~X MH o r o 

MepH~X MOAene~ M c HHT e r p~pyeMocTbO OAHOMe pH~x HenMHe~ H~X MO

AeJ1e ~ . 

" -,.::;: ,,' :'/li,; ~ ' baCTl1'Y' 
O;!V- ,,' . . .•.,}pll111 

r; . j I', . t l-! 
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AHHAMH4EC KA~ rpy nn A CHM METPHH 

cnA6oHEHAEAnbHoro u03E-rA3A 


Ha KnaC C ~y e CKOM ypOBHe Cna60HeHAeanbH~~ 603e -ra3 On~ C ~ Bae T C A 

HYW 

i 'V I 	 + ~ 'P - 2 ( I'P I
2 

- p) 'P = 0 , / 1/ 

rAe 'P = 'P (X ,t), p - nnOTHOCTb r a3a / A = j/. YpaBH c HHe / 1/ B0 3H~-
Kae T ~3 raMHnb T O HOB~X yp a B He H~~ AB ~«~H~R An R KaHOH~yeCK~ co npA
*eHH~ X nep eMe HH~X ~, 'P* C ~Y H K ~~ e~ raM~nbToHa 

~ 	 -. 2 2 -. 
H = 	r { V 'P* \7 'II + ( ,'PI - p) J dx . /2/ 

nHHeap~3yeM y p aBH e H~e / 1/ B6n~3~ KOHAe Hc a Ta 'V ( X,I )= vI) + 
+ fa( x , t ) , «( « 1). AnA cooT Be Tc TBYIOlue i1 <l>YHK~~~ r aM~nbT oHa 

B ~MnynbcHoM npeA c TaBne H~~ nony Y~M 

2 ~ .-) .) ...... ... --to - ) 

H = rr(k ~ 2p )a*(k)a( k ) + p( a* (k) a* ( -k ) , a r k) a (- k ))l dk, /3/ 


rAe 1a (k). a* ( k' ' )1 - i .5 ( k - k~ , ) . BBe AeM HOBbIe q,YH K~~~ 


J/k)= 21 [a* ( k ) a*(-k)+a(k')a( -k ll, J ~( k' ) --2~- [ a*(k ) a *( -k)- a (k)a(-k)l , 

1 	 /4/

-) 	 1 -). ) ~ 

J 3 ( k ) = "2 [ a* ( k ) a (k ) • a*( - k) a (- k) I , 

06pa3YtO~~ e Ha cKo6 Kax ny a c coHa anr c 6 py su ( 1,1 ) . OH~ YAOBneTBO
j(' 

PAtOT COO TH oweH~tO 

.... 2 .... 2 -22 
(.J3( k)) - (Jl ( k)) - ( .J 2 (k ) = 6. (k ), / 5/ 


rAe 6.(k' ) 1. 2 [ a*( k ) 3 ( k J - a *t - k) U( - k')1 on~ c bIBatO~e ~\y B KOOPA,I Ha-
Ta x (J~ ' ! 2 .J3) AByxnonocTHO~ r~nep6ono~A. a cKo6K~ nya cco Ha 
~ x C 6. ( k ) o6pa~atOTCR B Hy nb. ra M~nbToHoBa <l>Y HK~~R / 3/ B TepM~
Hax /4/ ~Mee T B ~A 

-+ 2 .... .... 't 

H = r [ ( k + 2p ) J 3 ( k ) + 2/1 J 1 l k ) I Uk , 	 / 6/ 

a ypaBHeH~A A B~ *eH ~R 

. • 2 

j 1 ~ I J 1 ,II I ~ - l k' 2 I 2p ) J2 J 2 = 1.T 2 , I I I = (k + 20) J 1 - 2p J :3 ' 


i3 = lJ3 . H I ~ .- 21' .1:2 n p~BOAAT K y p aBHeH~tO rapMOH~ ye CKOrO 


oc~~nnATop a AnA J 2 ( It , t ) , 


. . . 2· ., 

J ( k )+U) ( k ) J 2 ( k ) = O , 2 

-) -. r-:;--
rAe w (k) =l k : " k- +4p - Go r Ont060BcKaR Yi'lC TOTa. n epe ~AeM K HOBO~ 

2 

C ~ C TeMe KOOPA~HaT (jl.J2'\ ) , n O B e pHYTo~ OTHOC~TenbHO ~CXOA H O~ 
( J l ' J 2 , J 3 ) Ha MH~ Mbl~ y r o n e BOKpyr OC~ J 2 : 

J 1 (lZ) = ch e (k' ) j 1 ( k) + sh e (k) J 3 ( k) . 
-	 .. 

J2 ( k ) = J2 ( k), /7/ 
(k)= sh 0 (IZ) J1 ( k) ~. cb (J (iZ) 53 ( k) ,J3 

-> , 2 
rAe t.he(k) =2p / (k .,2p ) , 3T O npeo6pa30BaH~e coxpaHAeT .£!lOPMY 
\IoBe pxHoc T&-< /;; / . YpaBHeH~A ABvt*eH~fl J1 = - (oj J2 ' J2 ~ (u J 1 

= 0 npl1BOAAT K C~CTeMe AB YX He CBA3aHHbi x oc ~~nnflTo pOBJ3 
, . . . 
-... 	 -) 2 ..... - ..... -... -+ 2 ~ - . ) -... .... - . 
J 1 ( k) t(oj (k)J 1 (k )= O, J~(k ) H) ( k ) J2( k ) ~O , .T ( k . t ) = J ( k , O). /8/3 3 

TaK~M 06pa30M, Hawa C~CTeMa on~C~Bae T Ha nOBepxHOCT~ r~nep6ono

~Aa /5/ OKPY~HOC Tb C 6oront06oBCKO~ y aC T O T O~ w(k) ~ C £!l~KC~pO
BaHHblM 3H a YCH I-1 C/<I J (k)" nO; ) . H3 /6/ non y yaeM Aml 3Hepr ~ ~ 3 

H = rw ( k ) f3 ( k' ) dk' '" ru) ( k ) Ii ( k) dk , 	 /9/ 

YTO COB naA a e T B OAHOM ~3MepeH~vt C raM~nbTOHOBO~ <l>YHK~~e~ HYW 

B nep CMeH HblX "Ae ~c TB \lte - yr on", COOT Be T C TB YtOU\~X Henpe pblBHOMY 

c ne KTp'y Bc nOl'lOraTe nbHo i1 nI-1H e ~HO~ 3aAaY~ . npvt 3 TOM npOeK~I-1R BeK 

To '?,a f "" ( ] 1 ' J2 , .f ) Ha OCb Z flBnne TCA nep e Me HH oi;; '.' Ae t:1c T B~R " 
3 
n (k ). paBHO~ nnOT HO CT\It Yl-1 c na YaCT~~ C ~Mnynbc oM k , a "yrno Bafl" 
ne peMeH Ha R on~C~BaeT ero nono*e Hl1e Ha OKpy*HOCT~ B MOMe HT Bpe 
Me H ~ t 

'!> ( k' , t ) '" ...6 ( k' ,0) + (0) (k ) t , 	 /10/ 

M~ 	B~AI1M, YT O Kn aC C~yeCKOe ABI-1 *e H~C . ac cO~~ vt DO B aHHoe C A~HaM~
yeCKO~ r p yn no~. ~BnfleTCfl rapMOH~ye C K~M AB~*CH ~eM Ha nOBepxHOCTvt 
r~ne p6on0I-1A a \It COOTs e TcTByeT AB \It *e H\lttO T O YK~ B ~a30BOM npoC Tpa H
CTB e \ltH T erp~pyeMo~ CI-1C TeMbl . np~ 3TOM KaHOH~ 4eC Koe n peo 6 pa 30Ba 
H~e /7/ OK a3~Ba C TCA CB~3 a H H~M C npAMo~ 3aAay e~ pa CC e AH\ltR np~ 

HeTp~BManbH~X rpaH ~ Y H~X ycnoB~RX B 6eccon~ T OH HOM ceKTope. 
Ha 	 KsaH TOBOM YPOB He raM~n bT OHMaH 603e -ra3a 

H= ~ l 	 .,a".a 1'" ~ l V, a~~ . al-_ _ a-. 3 _. 
k k k 2 ... , .... k p .. k Q - k fJ Qit k . p .Q 

nocne B~AeneH~R KOHAeHca Ta B np~6n~meH~~ 50ront06oBa a0 -	 a'o 
- N 6'2 ' 3 np~BOA~T CR K BMAY 

1 	 2 + 1 + +I I= -- N 	 VO + ~ (f • • Nv.. ) a a +- N ~V (3 a +a a ). /11/
."'l 	 ' ~..... ... -~ -+ .... ~2

k' 	 k k k k k' k k - k k - k 

rAe N = No + ~ a + , ;1 . ' Bblpa)l(afl r aM~n bTOH~a H / 11 / ye pe3 onepaTOp~ 
k > 0 k k 
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,T ( k) , JJ k') , JJ k) , 06pa3YIOll\l-1e aJlre6py. Su (1,1) k' ,1-1 I-1Cn OJlb3yn
t

rpynnoBoe Bpall\eHI-1C, reHepl-1pyeMoe JJk l /T eOpe T J.1 K O -rpynno Bo~ aHa

Jlor npeo6pa30BaHI-1R 50rOJlI06oBa/, MO;HO n OCTpOJ.1 Tb OrpO HJ.1 4 e HH~~ 
CHI-13Y ~I-1CKpeTH~~ cneKTp 3Hep rl-11-1 B HenpMBOA J.1 MOM YH J.1 Ta p HOM npe~

CTaBJleHl-11-1 ~I-1CKpeTHo~ Ce p MI-1 n ® ~l -( J ~ ) 4 .1ll-1HaMl-14 e cK o l1 r p y nnoi1 
k' k 

paCCMaTpI-1BaeMO~ KBaHTOBOI1 CI-1C TeMbl /11 / 6y~eT II 0 SU (1,1) , 
-> k 
k 

no 1-1 3 BeCTHo~ AI-1HaMM4ecKo~ rpynne MomHO nOCTpOI-1Tb cooTBeTCTBYIO
5.6ll\l-1e o606ll\eHH~e KorepeHTH~e COC TO RHI-1R CI-1CTeM~ B KOTOPblX 

nepeMe HHble C I-1MnYJlbCa MJ.1 + ~'1-1 - k~ pa3~eJlRKlTCR 

i J~ k ) O . 
:c> = n ® If, i > = n (9 e l! ~. c 1 -+ > 

k k 
k k 

npe~CTaBJlRR nponaraTOp CI-1CTeMbl B BI-1Ae KOHTI-1HyaJlbHOrO I-1HTerpaJla 

no 3TI-1M COCTORHI-1RM, MomHO nOKa3aTb 6 ', 4TO KJlaCCI-14eCKaR ~I-1HaMI-1Ka 
CI-1CTeM~ onI-1C~BaeTCR rapMOHI-14eCKI-1M ~Bl-1 meHl-1eM B nnOCKOCTI-1 flo6a4eB

CKoro C 6oroJllo6oBCK0l1 4aCTOT0l1 w ... = 'h - l v· 2<-::~NVY~7. 
B03HI-1KaeT eCTecTBeHHbl11 Bonpoc ,k KaKaR ~1-1 ~ a,.ut4ec.J<aR rpynna co

oTBeTcTByeT HaWel1 CI-1CTeMe B KOO PAJ.1 HaTHOM npocTpaHcTBe? B I-1MnYJlbC

HOM npOCTflaHCTBe OHa eCTb 110 SU(1,l) I-1JlI-1 n ®SU(2) 
k 	 k k k 

AJlR CI-1CTeM 6eCCnI-1HOB~X 603e- I-1JlI-1 ~epMI-1-4aCTI-1~ COOTBeTCTBeHhQ 
npl-1 3TOM "aJlre6pa, reHepl-1pYI0ll\aR cneKTP", eCTb "anre6pa TOKOB" 

B I-1MnYJlbCHOM npOCTpaHCTBe: 

[ / k I , .J ( k"] = I C J ( k\ (lZ _k' ) /12/a fl aRy y 

"'a{ly - CTPYKTypHble KOHCTaHTbl Su (1,1)- I-1JlI-1 su (2) -aJlre6p . Vl CnOJlb

3YR o6paTIioe ntJeoGpa30BaH~1e ¢YPbe, nOJlY4101M B KaqeCTBe aJlre6pbl 

~I-1HaMI-14eCK0I1 CJ.1MMeTpl-1l-1 Henpep~BH~11 aHaJlOr aJlre6p~ Ka~a-MYAIo1: 

[J (~). Jrrv)] = iCa(lyJ y (:-: + y) . 	 /13/a 

llMHAMH4ECKAR fPynnA VI CnMHOB~E BOflH~ 

MeTO~ AIo1HaMI-14eCK0l1 rpynn~ MomeT 6~Tb I-1CnOJlb30BaH B TeOp1-11-1 

cnIo1HOB~X 	 BOJlH B MarHI-1TH~X CI-1CTeMa x. OnJ.1C~BaeM~X o6MeHH~M raMl-1nb

TOHJ.1aH OM 	 fcl13eH6cpra. KBaHToBaHl-1e Cnl-1HOBblX BOJlH npJ.1B OAI-1T K npe~

CTaBJleHI-1D 0 603e-ra3e MarHOHOB, KOTOP~~ Mo*e T 6~Tb M3Y 4eH no 

npl-1BeACHHOI1 B~we cxeMe. 3 Ka4eCTB e npMMepa paCC MO Tpl-1M HeCKonbKO 

MOAeJlel1 MarHeTIo1KOB. 

1/ XXZ -aHTI-1$epPoMarHeTI-1K C raMl-1nbTOHl-1aHOM 

" r 1 S+ - . ) "sz S z1 (t1 > 1),H = .'" T ( 	I Si +- J.e. - U i i /14/
4 11 

KOTOPbl11 nOCJle npeo6pa30BaHI-1R K ABYM nOApeweTKaM A J.1 B, OTJlI-14alO
ll\M MCR HanpaBJleHl-1eM Cnl-1Ha, npl-1MeT BI-1A 

1 + +- z zII = ~ f 2 (Sj S i 	 +-1.L;.)-t1S S l.
j ji:::' A . I;; B 

"5030HI-13I-1PYR" 3TOT raMI-1JlbTOHl-1aH B KBaApaTI-1LJHOM npJ.16JlI-1)t(eHVlI-1 1-1 

nepexOAR K I-1MnYJlbCHOMY npOCTpaHCTBY, nOJlYLJI-1M 


1 2 +- S ,.) ~ + + )", - -- Nzs .,\ .,I\sz La -.a",+- ~ cosko(a ... a _" a...a _•.H 	 /15/nHH 
2 ... I; k 2 '. ... k -k k-k 

k 	 k .0 

BBeAeM onepaTopbl 
... 


J ( k)= L ( a t- a· i- a it ) J< k , = L ( a ~ a + _ a a ) 

I 2' k -k k'-k 
 ~ 2 	 k -k k-k 
( k) 1 ( ,. • 

J:3 	 = -2- a ...a _. +- it ' . it _, ~ 1) • 

k k -I;-k 


o6pa3YDll\l-1e 	 aJlre6py S ~l (1.1) k.... 1-1 Bblpa31-1M LJepe3 HI-1X raMIo1JlbTOHlo1aH 
... 	 ... 

1 2 ( k ) ...... (k, 1H = - -- Nzs l'. f S L zA J:3 - s 	 L ... COSkOJ --zsl'.N.nHH 2 ... 	 /16/. ;.0 I 2k 

Mbl BI-1~Io1M, 4TO 

H ~ Ho 	 .,. ~ ED H ... II ... ~ SU ( 1 . 1 ).
nHH 	 -. k k kto 

101 AIo1HaMI-14ecKo~ rpynno~ CnI-1HOB~X BOJlH B aHI-130TpOnHOM aHTIo1$eppO

MarHeT~Ke, KaK 101 B 10130TponHOM 7 
 . 6y~eT 	 fI ® SU ( 1 .1) . BblnOJlHRR 

k k 

nOBopOT 	 R ~ fI '& R (tJ , ) • R(O ... hexp( _iJ ( k'J(~ _ ), rAe th () _. 
... k k 	 2 k k1 ~ -+ k 


I coSk a . n plo1XOAIo1M K B~pa)t(eHI-1~

zl'. :7 


o ! -;- -;>------:---~-='2 k' 
H ~Ho .s I v z 2 ,:,\- -( ~ eoskn) J( ) 

nl<1H 	 " •• :3 

k !) 


Mcnonb3YR Henp~BOnM~oe YHI-1 TapHOC npe~CTaBJleHl-1e Alo1 cK p eT HOI1 ceplo1Vl 

I! 0 ~',c ( i ,) . r10Jl YLJl-1M cn e .np <3HT J.1qle pp OMa rHOHa Ek '~ s J2l! j,:!.-ci~os k~~· )2. 
I~> k 5 

.unR Jlt1 He~1Hoi1 4en CJ4~io1~L~...::. _2) cneKTp eCT'.. Ek = ~sJi\2-=-cosik~ 
co \4 CJl blil F; (0) = 2..,; \ ' ~2 1 . 

Il o CT poeHMe Kor~ p eHTH~x COCTORHIo1 ~, KOHT J.1Hyan bHOro I-1HTerpaJla 
~ KJlaCC1014e c Ko~ AH HaM~ K~ B I-1 C Kp~ BJleHHOM $a30B OM npocTpaHcTBe 

aHa~o rH4 HO 	on~CaHHoMY B~~e An~ 6 03 e -ra3a. 
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2/ <l>eppoMa rHeHI K C AH >130TpOnV1e~ "J1er Kafl nJloc KOC Tb" 

4 .... x 2 z 
H = 2 [ - ISS I + D (S ) - gil H S 1 /17/

i 1 1+ 1 B 1 

TeOp>1R cnV1 HOB~X BOJIH ~JlfI 3TO~ MO~eJlV1 AaeT KayeCTBeH Hoe corJlaCV1 e 

C 3KcnepV1MeHToM Ha 3HaMeH>1TOM Cs Ni F'3 8 ' .1{Ba~paT>1YHbl~ r aM I-1 J1bTO

Hl-1aH B 6030HH~X onepaTopax 

-- ->- 1 -~ .,.
II = 110 + S 2 r(Io + D + II - Ik ) a k a k + " 0 (a k a _ k + a ka - k ) 1 

k ~ 

r~e Ik=21 cos ka • o6pa6aT~BaCTcn no B~wenpV1B e~eHHO~ c xeMe . 

4aCT OTa npe4ec c V1V1 B nJlOCKOCTV1 Do6ayeBCKOro eCTb 

2 - - - - -2 I 2
(Uk=s!Uo-I

k 
) +2(D+H)(Io-I

k 
) t:WH + H I . 

3/ B KdyeCTBe nOC Jl CA He r o npV1l~e pa npHBe Aet·\ MOACJlb ¢OHOHOB B 

ra p MOHV1yeCKOM npV16J1 V1*e HV1H 

22 2 2
N 	 NP me " o 1I !TIed 0( _ n_ + ____n_ ) _ ___ _H= "'-< " 	 2 'lin lin + I 


n = 1 n ~ I
2m 2 2 

I '<, 
rAe u = ( 1/2 11)<') 0) - (a + a t) I a a+ 1 = ?i , . B V1MnyJlbcHoM npe~-n 	 n 111 n III IJIII 

CTaBJleHV11-1 V1M eeM 

("0 · + i Wo + +
H ~ - - 2 ( 2 - cos ka) ( a ka k a- k a _k + 1) - -1- 2 c o s ka ( al; a -I; + ak a - k ) • 

4 k 	 . k 

C YdCTOTO~ ra pMo HV1Y CC KV1 X Konc6aH V1~ B nJlOC KOC TV1 Do Ga yeB CKO ro 

k a < 

W = W J 1 - c os k a = w 2 I s in -2-- , 
k 0 	 0 

Bc e V13J1o*eHHoe B~we c npa Be~Jl V1 BO ~JlR cn V1HOB~X BOJI H V1 B ~pyrV1x 

MarHV1TH~X C>1CTeMa X /H anpV1Me p, ¢eppV1MarHeTV1 K3x/. a T3K* e B pR~e 

peweT04H~X MO~eJle ~. Ba*Ho o TMe TV1Tb, YTO n p V1 >1 Cn OJl b 3 0BaHHH n p e A
CTaBJleH>1f1 XOJlWT e~ Ha - np>1MaKOBa B 6030HHWX n e peMeHH~ X ~>1HaM V1 -

4 eCKafl rpynna eCTb n ® SU ( 1,1 ) k ,O~HaKo B Mar HV1 THbI X C>1CT CMaX 
k 

co Cn>1HOM S = 1/ 2 B OAHOM >13MepeH>1>1 I-1Mee TCR T04 Hoe npeo6p a 3 0BaHI1(! 

OT Cn>1HOBNX 	 K <l>epMH- o nepaTop aM. CooTBeTcTBYD~aR AI1HaM>14eCKaR 

rpynna eCTb 	 n ® SU (2 ) ,a KJlaCC>14eCKaR AI1HaM>1 Ka onl1C bl BaeTC R 

k k 


rap MO H>14e CKHM AB>1*eH>1e M Ha c$epe S2 , 
KaK >1 paHee, ~V1HaM>14eCKaR r pynna n ® G k On >1CbIBa e TCR aJ1 r e6po~ 

k 

/ 12/, HO nocJle npeo6pa3 0BaH>1R ~YPbe aJlr e6pa Ha peweT Ke 6YAe T 

6 

aJlre6po~ Ka4a-MY~>1 B>1~a 

n ml ' n - lD 
• J (3 = lea R) ' .1 }' • (n.Ill=O.1,2 ... )[Ja 

f HEDV1HECiHbIE V1HTErp~pYEMbIE 110LlEDI.1 503E-fA3A 

nepe~AeM K On>1CaH>1~ HeJl>1He~H~X MO~eJle~, coxpaHR~~>1X C BO~ C TBO 

>1HTerp>1py e Moc TM, np>1cy~ee JlV1He~H~M C>1CTeMaM, On>1CaHH~M B~we. 

TaKoe c y * e HMe C BR 3 a HO C TeM, 4TO nOCJle~OBaTeJlbHaR TeopV1R nOKa 

cy~ecT ByeT JlMWb ~JlR >1HTerp>1pY ~M~X CMCTeM B O~HOM M3MepeHM>1. 

On >1CaH Me 6 03e-ra3a p-COPTOB np>1TRrV1Ba~~erOCR T>1na V1 q-COpTOB 

OTTaJlKV1 B a~~e r OCR T>1na np>1BO~MT K BeKTopHOMY o606~eHM~ HY~ /1/ 
I-Ia MO~eJlb U (P.q) HYIU 1,12 . V1HT e rp>1pyeMo c Tb HYW CBR3aHa C cy

~eCTB O BaH>1eM ~JlR Her o BcnOMOraT eJlb~ n>1He~HO~ 3a~aY>1 

(>. ) ( ,\ ) (>.) (>.) 
(I x ¢ = U ( x . t ; >.) 'I' • (I ['j) =V(x.t;>.)<t> • 	 /18/ 

KOTo paR n03B OJIR e T, >1CnOJlb3 YR KaJl>16pOBOYHOe npeo6pa30BaH>1 e, 

nOC Tp O>1T b H enV1He~Hy~ a- MOAeJl b , KaJl >16pOBOYHO-3KB>1BaJleHTHY~ HYW,
KJla CC V14eC KY~ Mo~cn b MarHeT>1Ka fei13eH6epra 

52 = I . S [ .. ii rS . 5 x x l . 	 /19/ 

MOAeJib >130T pOnH o ro MarHeTMKa, a COOTBeT CTBe HHO V1 HY~ npV1 

S ~ ~(2 .C) KaJl>1GpoBOYHO 3KB>1BaJleHTHa TaK* e MOAeJiM a H>130T pO nHoro 

MarHeT >1 Ka 9 

- 1 - - 6 - - - 2 
S [ = -- I s. S x x 1+ --:. r S , 0 0 1 I 0'3 • S I S = [ . 	 /2 0/21 . . 	 81 ., ' 

AJlre6p~ C>1 MMeTp >1 M AJiR S V1 ~ B 06~eM cJlyyae p a3J1MYH~ >1 3aBMCRT 

OT 3H aK a aH>130T pO n>1M ~ .Jln R SC;;SL( 2 . C) U (l) x U( l) KaJl>16pOBOYHO

3KB>1BaJleHTHOe HYW eCTb 

ill[ + q xx + 2 (r ll ) ~ = 0 . - 1r l + r x x + 2 ( rq ) I" = 0 • 	 /2 1/ 

3T a C>1CTeMa BWA e n eHM eM 3PM>1TOBO~ M aHT>13pM>1T0 80~ 4aCTe~ U , v
nap~ np>1 BOA>1T CR K C>1C TeMe ~BY X CBR 3a H H~X HYW 10 

i Iff + elJ + 2 I " I' 12.. II' 2) lJf + 2 ( 'V .. If' _ '[' '1J") 'I' = 0 • 
I I I xx 1 :< 1 I 2 1 2 2 

/22 /1 
~. - 2 2 'I''' ) 'I' 1 =,~ '" :: 1 - II'2xx ~ ) ( ' 1/' I ,2 I '1' I~ ) '" .,. 2 i· ' ('".,. * I '" "'2 - II~ f 1 2 0 .II 

Ee 3pMHTOBa peAY Kl\ 11R eCTb U( 1, 1) HYiIJ I' , Llpyr aA / He3 pM1HoBa/ 

peAYK4V1R, COOT BeT cT By~.a R aHV130T p on HOMY <l>ep P OM arH e TM KY re ~ 3 eH-

6 e pra T V1 n a "nerKa R n JlOCKO CTb", o nV1Cbl BaeTCR MOAH<\lM4V1po ea HHbIM 
HYW 11 ' 
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---------

I 'V 2 
'V I 2 _ P ) 'V _ -.:.__~~__~__ 'V x d In (p _ I I\' 2 ) = 0 , i 'V t + I\' xx -- 2 ( 

1 .. 
I . "2 ( I 'V :2_ p) 2 

'V ----~ JP exp ia ! p = t. / 8 , 
x -) ± 00 

Be~ec TBeH Hble peAYKl\~~ MHO rooC5pa3~R SL ( 2, e ) ·' U ( 1) x U ( 1) ; 

a/ S(SU(2) / lJ(1) /ccpepa - npOCT paHCTBO nOCTORHHOL1 nOIlO>KW 

TeJ1b HO~ KPI-1BI-13Hbl/co HYW np~ TR rl-1 BalO~erOCR T~na; 
6/ S(S(1(1,1 ) / U ( 1) /nceBAoccPepa - npOCTpaHCTBO nOCTORHHm1 

OTp~l.\aTeJ1bHOI1 KP~B~3Hbl/.. IWW OTTaJ1K~BatO~erOCR T~na; 

B 06~eM CJ1yyae KaJ11-16pOBOYHOe COOTBeTCTB~e ~MeeT MeCTO AIlR 

HYIU C ~30rpynno~ H ~ MOAeIl~ re~3eH6epra Ha OAH OPOAHOM npOCTpaH

CTBe S ( G I H , rAe G - KaJ1~6pOBOy.HaR rpynna 13 1<1 • f\J1R KOMn.neKC

Horo npoeKT~BHoro npocTpaHcTBa O/ H = e P ,Hanp~l~ep, C nOCTORHHOt1 n 
KP~BI-13HO~ R ~ illOPMO~ g (l cOOTBeTCTBYtOli1ee BeKTopHoe HYW ~MeeT 
B~A 14 ' a 

i 'Va = I\'a + R ( L gp 'V i3 'II*Y ) li,a /23/t xx 
/1,1' ,, - v 

OTC~Aa BJ.1At-:lO, YTO KOHCTaHTa CBR3~ HYW RBnReTCR KPI-1B~3HO~ R no

BepXHOCTI-1 G/ H. TaK~M 05pa30M,0606~eHHW~ MarHeTI-1K iei13eH6epra 

n03BonReT reOMeTp~30BaTb B3a~MOAe~CTB~e B cIla6oHe~AeaIlbHOM 603e

ra3e TaK )l(e, KaK ~ B Il~He~HWX MOAeIlRX. 

11HTerpV1pyeMocTb MOAeIlV1 ieM3eH6epra / 19/ ~ HYI~ /1/ / L\ '" 1 / 
npI-1BOAV1T K e~e 0 A HOMY Ba)t(H OMY CBO~CTBY: CYli1eCTB 0BaH~~ y H~ X 

fiecKoHe4HC'-"Iep HOI1 h<.!u<)e neBo~ rpynnhl CV1MMeTpV1l-1. YpaBHeH~e /19/ 
RBnReTCR yCJ10B~eM COBMeCTHOCT~ CV1CTeMW ypaBHeHV1';; T~na /13/. 
"BonHoBaR cjJYHKl.\I'1R" ct> (A) (x-,!.) npl-1mll~ae T 3Haye H~e B SUI 1,1) 

(SL(2,C»AnR Ae~cTB~TenbHwx /KoMnIle KcH~x/ ~Haye HV1~ cneKT p a nbHoro 

napaMeTpa A. KaK ~ B SU (2) cnyyae 1" , cyqe cTByeT 6eCKOHeYHOMep

HaR <lnre6pa 111'1 SU(l,1) ® R[A. ,\ - l l C 3IleMeH TaMI-1 - su(1,l)

3Ha4HbIM~ nOnl'1HOM aMI-1 110 paHa / Aei:1C TB .,T e nbHaR cjJOPMa anr e 6pbl neTeIlb 

COOTBeTCTBY lo~e~ anre 6pbl l(al\a - 11YA'" ,0.\ 1) /. n peAC TaB n eH V1A ilnr e 6 pbl 

SU (1 , 1) ® R r,\ ,,\ -1 I AeI1CTBY~T Ha npoc Tpa Hc T BC BOIlHOBbl X ();Y HK [t l-1i:j 

t1) (A. J, RBnRlo~~XCR p e weH Vl eM CLACT CMbl / 18/ _ n OK,l He RCHO, Kat< 3T a 

6 e CKOHeYHOMep Ha n aIl r e6pa CBR 3 a Ha C ODpaT HOr:;, 3 aAaYe~, T.K . nOCIle~ 

HRR OYCHb YYBCT BI1TeIlb Ha K r p i:lH1-14 Hb1 M ycn o 9 1-1n M Ha n o r en [tVlclflbl , 

KOTopble Me HRIOTCR n pV1 AC~1CTB V1 ~1 n c p B .... i1 . 11c nOIlb3Y A 3 TY anre6 p y , 

~\OmHO (i e-tIlO 6 bl , nO - B ~AI1MO~\Y~ On V1 Ca T b Cne l<Tp 1 COCTI)WiV1 11 Hen.1He i1 Ho~ 

CVlCT eM~ , 1-10 B HaCT OR~

B cneAYlOU\ ei::' ll a CTV1 MbI 

ny, nOCTpO~Tb peWCHI-1R 

weHV1RM HYW. 

ee B peMR 3TUT BOnpOC ()CTaCTCA ~TKphlT ~~ . 

n OKaliceN . KaK,,..,CnOIl b3YR Kan~5p080uHY~ r pyn

AIl R MarHeTKK~ f ei:13eH5epra no ~ 3 BeCTH~M pe

Si t ( I , I) -\{ nAC CW1ECKAll MOAE11b MAiHETVlKA 

113 Ka n I-16 p OBOYH Oi::' 3KBI-1BaIleHTrlOCTI-1 cIleAye T , YTO 

" ) - 1 (")
S ( X , !;" )=<1> - ° a <1> 0 

. _ ("0) 
rAe S(SU l 1,1) / U (1). 3IleMeHT KaIll-16pOBOYH0l-1 rpynnbl ¢I - ~ 
p eweH~e J1I-1He~HO~ 3aAaYI-1 /18/ AnR HYW. Vlcnonb3YR B KayeCTBe <1>( ' 0) 

1-13BeCTH~e peW e HI-1R ~ocTa, M~ MomeM nOCTPOI-1Tb cOOTBeTcTBY~~I-1~ 
Ha60p peWeHI-1 ~ ypaBHeH~M ie'13eH6epra /19/ ' 16 ' 

MOAenb MarHeT~Ka /19/ B CeCCOIl~TOHHOM ceKTope on~C~BaeT npe

L\ecc~~ BeKT o pa "HaMarH~yeHHOCT~" S= ( SI' S 2' S3 ) Ha nOBepx

HOCT~ r~nc p60no~~a C 6oroJ1~60B C KO~ yaCToToi1, aHaJ10r~YHO npe

L\eCCI1 ~ BeKT o pa J B MOAeIl~ /10/. TaK~e KOHcP~rypal\~L1 eCTeCTBeH

HO Ha3BaTb cn~HOBbIM~ BOIlHaM~. CooTBeTcTBYlOU\aR ~M 3Hepr~R 6ecKo

HeYHOKpaTHo Bblpo)t(AeHa no k, 
Cne~Tp MarHOHOB B 3TO~ MOAeIl~ : 
a/ np~ k >:> vp- ( ~ k) _ k 2, KaK y MarHOHOB 

6/ np~ k ... 0 «(k) _ k KaK Y MarHOHOB B 

B COCTORH~~ C k • 0 HaMarH~yeHHOCT~ BepxHe~ 
nep60IlO~Aa KOMneHc~py~T APyr APyra. 

KpOMe cn~HOB~X BonH ypaBHeH~e /19/ I-1MeeT 

B cPeppoMar HeTI-1Ke; 

aHT~cPeppoMarHeT \o1 K e, 
~ H~mHe~ non~ r~

peweH~e B BI-1Ae CO-

j 

J1~TOHa, on~CbIBalo~ec OTKJ10HeH~e aeKTopa HaMarHl-1yeHHOCTI-1 1-13 nJ10

CKOCTI-1 npel\eCCI-1I-1, CBR3b Me)t(AY 3Hepr~e~, ~MnyJ1bCOM 1-1 HaMarHl-1yeH

HOCTb~ Ha OAHOM cOn~TOHe I-1Me eT B~A 

4 p . 2 n 
E , M = 8 ( 1 + 1 + -,,-- ) Sm -'--, 

z 

npl-1 k » J-r; 

E. = 
16 

- - --
_ 2 

sm 
n 
-

M 4 z 
cOBnaAalOU\~~ C 

k" 4 

nOJ1yyeH pe3yIlbTa T 

' 

TOYHblM pe3Y J1 b T a TOM AIlR SU (2) cPeppoMarHeT~ Ka 1-1 pe

3yIlbTaTOM 5eTe AJ1R cn~HOBoro KOMnJ1eKca. npl-1 Man~x I-1Mnynbc3x 

n : E = n2/ M ' a M xapaKTcpl-13yeT BHYTpeHHee A BIo1)1(e Hl-1e /3cPcPe K-
z 

T~BHaR Macc a cBo60AHO~ yaCT~l.\~/. 
np~ k « vp' Mz .... / 3aMeAIleH~e n pel\ecc~1-1 BnIlOT b AO nonHo~ 

z 

00 

oCTaHoB KI-1 / ~ yme He RBnReTCR A~HaM~yeC KO~ nepeMe HHO~. VlCKn~
yaR M 1-13 COOTBeTCTBYICJ~I-1 X BbIPa)KeHI-1~ AIlR E 1-1 II , n OIlY 4 a e M npl-1 k ... O 

z 

~ 4 · '-;;-' II O<' ll < 1Tl ~ ~ v /J sm - • - 2 -.2 

3TOT cneKT p c OBn uAae T co cne KTpoM AblpOYHOrO B036Y~AeH~R B aHTI-1

tpepPoMa r-H e T V1 Kc . n p LA MaIlbl X II OH nepeXOAI-1T B nl-1l~ e i:1 Hbl~ cneKTp OA

Horo Mart-1 0 H a E ((I) ~ 2v'p ll.TaKI-1M 06pa30t~ , aHaIlorVl 4 HO TOMY, KaK 

6oron~6oBCKaR AV1 c n e pC V1R B ABYX npeAeIlbHWX CIlY4aAX Onl-1CWBaeT 

yaCTV1l.\b: C KB aAP aTI-1 4HO~ 1'1 nI-1He~HO~ ~V1cnepCV1e~, Hawe COnl-1TOHHOe 
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peweH~e On~C~IBaeT CneKTp Ma,HOHOB $eppOMa'HeT~Ka ~ aHT~$eppOMa,

HeT~Ka COOTBeTCTBeHHO. KaK ~3BeCTHO, TaKO,O T~na nOBeAeH~eM Ha 
YPOBHe n~H eap~30BaHHO~ TeOp~~ o6naAa~T $epp~Ma'HeT~KM. 
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np~H~Mae T CR " I \nn~CKa Ha npenp~HT~ ~ coo6~eH~R 06~eA~HeHHoro ~HCT~TYTa 

Anep"~X ~ccnenOBaHM~ . 

YCTa~oo neH a cneAyv~aA C TOHMOCTb noan~CK ~ ha 12 ~eCA~eB Ha ~3AaH~R OHRH. 
BKnO~a R "e D e c~nKy. no OTAenbH~M T eHa T~4eCKH M KaTcropHRM: 

HHIlE KC 	 TEMATHKA LleHa nOAnHCKlo1 

Ha rOA 

I. 3Kcne OH~eH ranbHaR ~~3HKa B~COKHX 3Hep r~~ lOp. 80 Kon. 

2. T popef~4eCKaA ~~3HKa e~COKHX 3Hepr~~ 17 p . 80 Kor,. 

3. 3Kc n C P HMeHTdnbHdR He~TpOHHaA $H3HKa 4 p. 80 Kon. 

4. T eooeT H~eCKaR $H3HKa HH3KHX 3HeprH~ 8 p. 80 Kon. 

5. t1 iHcMaT HK a 	 p. 80 Kon. 

6. Rae pHaA cne KTpOCKonHA H paa~OXHMHA P. 80 Kon. 

7 . $~~HKa TA*en~x HOH08 	 2 p. 85 Kon. 

8 . KpHor eHH Ka 	 2 p. 85 Kon. 

9. YCMopH Tem... 	 p. 80 Kon. 

10. AS TOMd TH3a lJ,.lo1A 06pa 6oTKH 3KcnepW",eHTanbHblX 


,odH HblJ( p. 80 Kon. 


11. ebl ~H cnH TenbHaA MdTeMdTHKa H Te XH~Ka 6 p. 80 Kon . 

12. XH""'H A 	 1 p . 70 Kon 

13. Te XH HKa ~H3H4eCKoro 3KcnepHMeHTd 8 p. 80 Ko n. 

14. Hccne,oosaHHR TBePObiX Ten H *HAKOCTe~ 


AAeOHblMH MeTOAaMH p. 70 Kon . 


15. 	 3Kc nepH~eHTanbHa A ~H3HKd RAepHbl X peak4H~ 

npH 	 HH3 KHX 3HeprHAX P. ~ O Kon. 

16. ~03HMeTpHR H $H3HKd 3a~HT~ 	 P . 9~ ..on . 

1 / • 1e op HA KOH,QeHcHpoedHHoro CDC 1 OAH~'A 6 p . HtJ Kl.>n . 

18. 	 H c nonb30Ba~~e pe3y n b TaloB H ~ T OnOB 
¢l yHAa~H,anbHbl)( ~3~ '-I ec.t(lo1)( H c c nc ll tlOil HHH 2 D. )') ..on. 
9 CMC "'Ht" X 06nac 1 AX "ayK'" H l ~' Ar1~f(1H 
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