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Cpe ~11 OrpOMHOrO 'HIC ~a p B60T no i'lCCJJBII,OBaH l1'O G' -MOJ\eJle~ F< 1101'

JleJ\He e Bp SMR 6 0 Jlb'llO t:l HHTe pec Bhl3 b1UBWlT n OllR, npi'l Hll MaI01l\l1 e 3H8W'HI'III III' 

HeKoMnSKTHbfX MHor0 06pS :1H RX/
rI . OHI1 B03HI1 K8 1Q'l' 8 1'enplHI rpn fm T,., 'III 

11 r.8cmHpe HH oA cynepl'pSBIfT811 1111 / 
3/ , II 'I" lOr" '~ A'~ 'v' rwmtr ll r"!'1:1 I( "II}lll1(U'lIlm\ 

/ 4/ 11 B CTPYHHblX M0 1l,P.lIR :'/ I, liAK 11111'1'1''1'11 (1. !'ftMili'h'l'nl HlIIl 

CKoro MarHC1'I1Ka I1Mf"P.'I' 1I11 I1. 0 l {) Itl " I 11' !f'/!III'l 

Bonpoc : eeITII I'ltnp'o1'yJll1pf"HInTI> nllllnl)" MIl.~··MI I',.fl:hll! 

orool'lpllm1L1 I! BMn;e, ClW~"M. fIlJnnT/l ~'nl)n or 
rfJ113J.NeCKI1 t1 C'IH"reloCl.! nltn M 

BalmS :)'IOI'O HOIlPOt:1 lip 

MSp eHI1R , TBl( 11'/\11' 

HH'I' f-! r rm pyeNoA 1':11 

eM 

rI1B8~~erOC R T l1na 

TIMif,mI1I1B C 01l,HOPCHOn aHM30T)"IOrl1f"1i TI1T1ft " 'lI\I'KIlII onl,". Nm,Uln IIIl! "l"'tl 
K8IJM6pOBOl.JHytn ::lKBVlBBJl e HTHO(,'I'b C 11 30'1'P01111O" MOflWlhlO l 'I\~:'Jr}II'i"l lI' ''' 1(1, II 

C HYIll n pKTRrMBBlOllle r OCfI '1'l4nS/ 
T 

1-13/. rJPIi 'I'nl(/)I.\ :)11 B~nn,l\ !''' 'r l~OC'l'~ • 
MHO r o 0 6pl!1 311e 1l,Jl fl " c mlHo anro " " eK'I'OpA g B 1130'l'pOn H0C1 MO~~I\M f' 
6epra 3 BBM CMT OT 3HaKa aHI{30Tponl1l1 B COOTBe'l'CTsyn lll,e !.\ 

/ TO/ 
MOJ\eJIH . HanpHMep , ppM paCCMO'l'peHHM 8HM30TponHa~ MO.ll,eJIM C 8HH3 0T

pO T"Me~ TMnB "JlerK8F n.~O CKOCTb" ( npM y C ITntl l'l 14 :$ Z = i ). KBJlM6pOBOtlH O

3KBMB8 lIeHTHBfI e~ H30Tpo nHBfI MO)l,e.nb fa"3eH 6 eprB onpe.~eJleHB Ha HeROMnSKT-

HOM MHor o o !5pa:ml'l M c S L. (2, C ) I U ( f) I TO! , 8 COOTBeTCT BYlOIl\e e HYUJ 
on~CWB8eT Cj eCb ~BYX 603e-rB30B npMTRr\{ BB~~erOCfl M OTT8nKHBa~erOCfl 

TH n o B/ I4 , To . :JpM 3TOtA npl1TflrMBalOl!(I1~CI! rB3 06pB3yeT KOHi(lH r ypaUMI1, 

nO.ll,CTpBMB8101Ill1eCfI nr OTTBJIKHBBIOIl\M!.\Cfl rB3, 1<'1'0 npl1BoJ\11T K 3K30'1' \{ I~O~KOII 

MO.ll,MQMK8HI111 HYW! T6 • B03HI1KBeT pe30HHhi/;\ BOilpOC. KBK8R MOll,em. 1'11"11""
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6epra OTBeqaeT HYill oTTanKHBBlOll1erOCfI Tl1nB 'I ){BK 6WIO I1 0K83aHO B pa6o

Tsx /I7 ,I8/, cooTBeTcTBYIOII1BH MO)J,e~b, OnHCblBseMBH Vl30TponHblM ypaBHeHl1eM 

.lIaH)l,By-.IIMtPnVlua, onpe)l,eJIeHa HB HeKOMn aKTHOM MHoro06pB31111 nOCToHHHoi:i 

OTpl1UaTenbHotl KPI1BJ13HbI S U (1,1) I V (1 ) , 

B HBC'I'ORlI\e t! pa60Te MbI n OKMieM, KaK. HCnOJIb3YH Ka,nl1 6pOBOtlHYlO 

3KBI1BBJJeHTHocTb. MO;':HO HSt1'l'l1 KnBCCJ11.leCKl1e pe'ueH IoIR S U (1,1) I U (1) 

i'l30TpOnHo~ Mo.~eJlIi ral:i3eH6epra . MbI npl1Be~eM pemeHI1R B SI1Il,e "crmHoBhlx 

BO.~H" . onlolcblsaJOII1l1e npellecc",fO seKTOpa S HB nOBepXHOCTI1 rl1nep60.~oI1Jf.a 
BOl{pyr OCI1 l , a TBKl!Ie OTI{JlOHeH"'R 0'1' H1l0CKOCTI1 BpauleHI1R , Onl1CblBaeMbie 

COnl1TOHaMI1 .Il,b1p01.lHOrO TOlna. GY.n:,YT BbNI1CJIeH bI I1HTerpanbi Il,B I1J!1.eIl I1H QI1CJ18 

l.l BC '1'11 11 , I1Mny nbcB M 3Heprl1V1 Ii COOTBeTCTBYIOll\l1e cneKTphl. nOKB J!l.eM, 1.l'l'() 

cneKTp cnllHOBhlX BOITH onpe)l,eJlReTCR 60r01l106oBCKoi\ )l,l1cnepCl1e~ (KBK B 

TeopllH CJIa60H8M)J,eanbHOro 6038-r83a', a COnI1TOHHbI~ cneKTp "'MeeT )J,BB 

IiH'l'epeCHWC npe,l\eJJbHblX CJJ,yt!BH. B 01l.HOM 113 HI1X (KOrnB 1I,BI1lKeHVle npoYlcxo

n.VlT B6JIM3J.1 MI1HI1MYMB BepxHet1 nOJIbl rMnep6o_l!ol1J\a ' BOCnp0I13Bon.~'l'CR c n e KTp, 

CO.~I1TOH8 113 O( 3) MO.lI,eJJl1 rai13eHtSepra , COBna.ll,alOull1~ C n OJlY1.leHHbIM beTe lCI . 
I) 1l,pyroM (oTBe1.lalOlI\eM HeOrpaHI11.leHHoi\ 1\ ~VlHe BexTopa S ), Ham Cn eK'l' p 

COBna)J,aeT co cneXTpOM Cn\1"HOBbIX BOJlH B BHTl1tjiepPo MarHeTIiKe /T 'J/ . 3'1'0 

Il,aeT OCHOBBHVle C1.lI1TaTb, 1.lTO pBCCMa Tpl1BaeMaH Hl1lKe MO)l,e-l!b I1MeeT 11 60 ll ee 

HenOCpe1l,CTBeHHbli1 ~113J.11.leCKJ1t1 CMhlcn*' . AH8norliR C aHTI1~eppOMarHeTI1KOM 
npH pBCTyTI(l'IX 3Ha1.leHI1HX /5 I ell1e 60nee n OIl,Kpen1lReTCR TeM, 1.lTO B 3TOM 

CJJyqae nOJJHBH HBMarHI11.leHHOCTb CI1CTeMbI pBBHB HYJ1IO. KpOMe Toro, KaK 
20InOK838HO B Hen.aBHei\ pa60Te MaxBHbKOsa YI BBTOpOB/ , KJlSCCI11.leCKBR 

)l,IiHaM"' Ka ni'lHeapl130BSHHoro Jl,ByxnonpemeT01.lHOrO aHTl1rpeppOMBrHeTMKB pea

JlI13yeTcH B BI1J\e rapMOHI1....ecKoro Jl,BMJ!(eHI1H B nl!OCKOCTI1 JI o 6a'leBC1Wro 

npOCTpaHCTBe nOCTORHHOH OTpl1~aTenbHoA KpMBI13HbI . 

T. YpaBHeHI1H ,fI,BI1 J!1.e HI1R ll,M1 paCCWaTpl1BaeMOn M01l,e1l 11 I1MelOT BI111, 

H30TpO:lHoro ypaBHeHMH .laHJl,ay-J!Hq,nI-l1'8 T\JlH MBTpl1l1b1 S : 

St. := 2)." {s S I 	 ( n 
l.. ' xx ... , 

I'ne / " l 
L5- )5(x,th (L ,;. _ S 2 f. ~ U- t 1,1) 

S ± 	= .gX .. _ i..C:v 
Y 

, 

Ii Yn.OB.l!eTBopfleT COOTIIO-JeHI1".flM 

cietS=-i, S2", I . 	 (2) 

* ) 	 !{a K 1i3BeCTHO, )l,ByxnOT\pe:oeT01.lHble ijJeppHMBrH8TMKI1 YCTaHaB.11I1BBIOT 

HenpepblBHbll:i nepexo~ MelKn.y qJeppo- VI 8HTI1!lJepPoMarHeTI1KSMI1. 
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OT(,fO~a cne.rr.ye'l', t!TO IWHel' SeKTOpa HaMarHHLleHHOCTH S ( s x, S 'I , S 1. ) 

neJKHT Ha nOBepXHOCTH n;ByxnonocTHOrO rHnep60nol1,IW (nceS,l\Oc!l>epa S ', ' 

(S,-)2_ ( S~/-(SY/=J.. 	 (3 ) 

YpUBHeHIHI IJ,BI1JKeHIH! ,IJ,-~ll KOMnOHeHT BeKTopa ,$ 	 nony4a~TcR H3 p83nOJK eHHR 

JU (1, 1)S ( x , t.) n o 6a3HCHbIM MaTplol Tt8M anrerlpbl 

J 	 (4) 
S (xt.) = L.. sot (x t)1:.",, " 

ex :1 

r ,lJ, e 
0( , f' ' ~. = i, 2 , .3 i'Co< Tp =~olj!> + ifrXPK 'r o ; 

~O(p =: di at/ (-1, - 1, ~)- MeTpIIIK8 ]\H nm lHra , 

_ c TpYK'r'yp~lLle KOllC'rSH'l'hl SJl f'e(ipbI IIH ~i.J ( 1, 1) :.:f~;- f 
f Tr ( 'to< '[p) = 2 9~ ( ! ,) 

l [ -r", ,rr; } = 2ij"' I'r 'rr 
Y p aBHeHlle ( T) npHHIlMSeT 1JI1,11. 

. 0£ ! tXp ( ~ I ,\ 
S = ....,pS!U 

no nOBTOpJIHlIlIlMCSl WI)lOJW(lM 11,11,11'1' CjIIMlIJ10 ' ~' IlI'U ). lhorlUIJ ( Be 
3 8n}l C8Tb CHCT eMY ( G ) A 1'8MIIJIh'1'OIlUnOM 111-1,/\/ '. II!II' I\ "M C'lf ll t'\l!11 11y(H' f" Ii III, 
CBp.3aHHble C 8 JlI'eri p o !1 '11'1 Ju (~, 1 1 


[S"" C)() sJ' (yd =-/ "'tISf('dSC' ( ','.\ 


HJIH f Sl ()l ) ) S± ( If ) ] = t i. S t (~ ) t (\ ~ y, 

f S +- (>< ) ) S - ( y) J = 2i s'l ex) S (y - 'J ) . 

faMHn b 'l'OHOBbi ypaBHeHHp. ,l.\BHJKelilIH 

S'" (x, t.) == f H , So{ ( x, tlJ 
COBnan:aIOT C CHCTeMo!1 ( G \ . ec JII1 H ,fMeeT BRIJ, 

"" 	 DO 

(8)H=*Sdx soia s ~ :: .f TrJ d..)( (Sx/,
t- )( Ooip X ., -00 

Bserl f! yf'~nOBbie -;epeMeHHble e " If 

SX(X, t.) =shf) ( x,t)cos<.{?(x,t), ( 9\ 


sy (X,i.) = sh f}(x,t- )sin <P Cx , t) 

S l ( )( ,-i:.) =' c.h. e (K,t ) , 

,I 

raMMnbTOHMaH (8) MOJt{HO nepenHcaTb B BH,l.\e 3HeprHH cBo60.IJ,HOro CT8TH4e

CKoro CKaJlRpHOro nOJlA e(x) 

H :: f fd x (17-/, 
r,l\e <' i! <' 2 . 


- de = d f) + sh Bd c.f - 3JleMeHT ,Il,llHHbI B MeTpH lle ,10 6a4eBCKo ro H8 


r Mnep60.nOH,l\e ( 3). 


I1HTepnpe<r8lTHfI MO.lJ,eJlH B TepMHHax Hel1,ll,eaJlbHOro 603 e -r83a 60.nee 

eCTeCTBeHH8 , O.TJ;HaKO , B nepeMeHHbIX nCeB,l\OctPepHqeCK,ol:t npoeKlTHIl. KOMnlleK-

CHoe nOlle f (x,t J onpe,IJ,eneHO Ha nJJOCKO CTH (Re j , Im ~ ) 4epe3 

COOTHomeHHfI 

S+-= n fj s si!. £+/5 / 2 

J - /S12 ..P-lsI 2 ' ( TO) 

r,l\e .p - np0l13BOnbHaff nOCTORHHaR ( f >0 ) . 

IpM 3'1'0101 BepX'HRIl nona rHnep60JlOH,IJ,a S.i!= + 1/1+S +S- > 0 

npoeKTHp y e TcR BO BHY Tpe HHOCTb Kpyra pa,IJ,Hyca 	 {j : D+ = { f (x, t ) ; /512<J'1 
a H"'JKHHIl n on a s? = - V1 + .c; + S -' (0 - BO SHemHlO1O qaC'rb Kpy ra 

])- -= [ S (x,i.) : I! /2 :>.9 1 . BepXHHI<1 nOJl~C S r =+ 1. npo eKTHpyeTcll B 

TOtlKY S =0 a HHJt{HHf1 S 2: "'-i yXO,l.\HT B 6eCKOHe4HOCTb (I f ,2 _ 00 ). 

npH S ~ ~OO BenH4HHa Isi - J5i' - O (H3HYTPH Kpyra), a npH Si! __ -oo, 

'S , ....... Vi + 0 (113BHe Kpyr8). TaKHM 06pa30M , B T OtlKaX OKP,YJ«HOCTH 


pa,l\Hyc8 V9 Ha KOMnJleKcHo!1 nnOCKOCTH J (B 	KOTOPYIO npoeKTHpyeTCR 

"CBeTOBO!! KOHYC"), MbI MOllteM ,l.\oonpe,IJ,eJIHTb HaMarHH4eHHOCTb TaK, t!TO 

cpen;HHe HaMarHHLleHHOCTH BepX'He~ H H}lJt{He~ non KOMneHCHpYIOT ~yr ~pyra. 
CK06K8 nyaccoHa n;Jlll noneA "5 (X ) H J 11 (x) HMeeT BH,!\ 

f I( x), !* (~)J ~ ( j- IX /2/ l> ( x-r J . (T T) 

i!
I1HTepecHaf! oco6eHHOCTb (I I) COCTOHT B TOM, 4'1'0 npH (J 1 «.? OHa npH06

peTaeT K8 HOHHQeCKIII!:1 BI1.1J" KaK H B KOMnaKTHoM cJJyLlae S U (2 ) • O,l\HaKo 

B OTnH4He 0'1' n oc.JIen;HerO HaJlH4He B npaBot\ LlaCTH ypaBHeHHH (I T) 3HaKa 

MHHyC npHBO.lJ,HT K ~e o.lJ,HoA HeTpHBHaJIbHoA B03MOJt{HOCTH . npH ISI2~f 

cK06K8 nyaccoHa (I I ) o6pa~aeTCp. B Hynb . Ha KSaHTOBOM y pOBHe 3'1'0 03Ha 

4ano 6 b1 nOllBneHHe B CHCTeMe MB KPOCKOnl14 eCKOro (KnaCCHtleCKoro) 06b eKTa . 

TaKoro, Kaf! 603e-KOHn;eHca T B TeOpl1H Coro.nJo60Ba/21 J 

y paBHeHHIl ,l\BHJt{eHHR B TepMHHax ! (x,t) HMelOT BH~ MO,IJ,HtPH~HPO-
BaHHoro HYIlI, 

. 	 '!*(! x/ _ 
L ! t + SX)( +2 .P - II/ 2 - 0 , 	 (I2) 

ffBJlHIO~erOCIl ( KaK H HCXO,IJ,Hoe y~ SHeHHe .lIaH.IJ,aY--~HtfJlUlil'a (I \) IIHTerpMpye

MbIM B paMK8x MeT O,IJ,8 06paTHOA 3a~aqH (cM.HMJt{e) . A raMHJIbTOKHaH (8' 
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np~HHMaeT BHA . aHanOrHQH~~ narpaH*HBHY 3pHc Ta B SHCHMbHO-CHMMeTpHQ-

HO VI TeOpHH rpaB~Tal1~ IoI , 

15< i 
2 ~ 

* 2 (T 3) 
H=-2(oocLx (j_nI Z)2 =-Z_Idxg Cs,s ) /5)S 

r ll,e 
9( 5, '§"It') = (p- /! /)2 -2 - MeTpHKa MO n;eJlH nyaHHape B npocTpaHcTBe 

D+ ( /5/ 2 <.. p) . I1HTepecHo OTMeTI1Tb, ljTO raMHJIbTOHHaH (13) I1Me e T 

BH,Il, 3Hepr~m cBo 60J],Ho ro KOMn rreKCHoro CKaJlHpHOrO nOJlH S (x, t) B 

HCKpHBJleHHOM 3apA,Il,OBoM npocTpaHcTBe nocToflHHO~ oTpHUaTeJlbHO~ KpH BI13

HhI . 

2 . 	 YCTaHoBHM CBfl3b MeJIUI.Y H'illl oTTa.n K;rnalO~er ocH Tl~na 

( T4 )i 'f-t + 'fx x - 2 ({ '+' /2 - .p ) i' = 

n S U ( 1, 1) -YPaBH8ID18M .naH,n;ay- ~Hl}lll l1 l' a (T ). III1 He~Ha f1 !lO ?I~' 
( u> V - nap a ) . COOTBeTCT BYlOll1aH ypaBHeHIoIIO (1,., 1. HMae'r "101 ~ 	 T ,) 

CP1X '" U1 ( X, t ; .,1) ¢ 1 • 	 (T ~ ) 

~t = V1 (J(,t ; ).) ¢1 

ro.e U
1 

( X,t;A ) = _(' )'11.3 + ( ~ i.!f'K)
- L'/-' 0 . 1 

. (2iJ"z +L (t If' /2 _.p ) -Zi.)\f-'*+'f,1" ) 
1 lX,t i .,I) := 	 ,)(V 2~ "\ \f'+~x 1 _2i)..2-i..CI'f/2_'p> 

YCJlOBHe COBMe CTHMOCTH J],Jl A CHCTe MW (T 5), 

U - V1X + [ U1 , V1 ] = 0,


1t 

n pHBO,ll,HT K HY!li ( I4) . COBeprulolM KaJlH 6pOBOQHOe np e06pa30BaHHe K HOBWM 

nep eMeHHWM: 

U2 ;; fi U19 - ~ -~ g)( , (1 6 ) 

V2 = f1 Vd - f1 ~t 
<P2 = ~ -1 4>1 

Y,Il,OBJIeT~OpHIO~I1M CMCTeMe JlHHe j;\IThIX ypa BHeHHJ:I: 

CPu = U2 ( X, t ; ).) cfJz ) 1'7) 

¢ 2t = V2 (X,t , ),) ¢2 
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Bbl6epSM B Kat/eCTBe iflYHKlIHH KMH6poBQQHOrO npSo6pa30BaHI1H ~ (x,t ; .,{o) 

HOpMl1pOBaHHOe p emeHl'Ie l10 cTa ,n;Jlfl CI1CT e MbI ( I S) npl1 ifll1KClipOBaHHoM 3Halje

HHI1 cnsKTpanbHo ro napaMsTpa ).0 : 

g( t, X' ; ) 0 ) =- </;1 (K;t. j ,,\ "' ) 0) • 	 ( T6 ) 

Tor.lI,a On SpaTOpbl (16 ) npl1MYT BH.o. 

U2 := - i (). -),0 ) S , 
(T9 )

( Vz = 2 i O l _):)S - ( .A - ) o ) S ,. 

r~e 

S {X ,t ) ='ij-1 ( X, t ) U,3 g (X,t.), (20 ) 

B YC.lJO Bl1e COBMeCTI1MOCTH CI1CTeMbJ (17 ) nepe l1~eT B ypaBHSHliS ' IaHJ],ay

l1ifrul1P8: 

St=2"i[S)SXX] - ~)oSX ' 	 (2J) 

;no ypaBHeHl1e CBO,ll,HTCll K lifCXO~HOMY y pa BHeHI{1() (I) nepexo,o;oM K HOBhIM 

nepeMeHHhIM (npeo6pa30BaHl1e faJlHnell) : 

t I :. t , x I = x -It ). 0 -t 	 ( 22 ) 

C COOTBeTCTBYlOlI1HM H3MeHeHHeM rpBHHQHhIX ycno BI1t1 . n0 3 TOMY B ,LIM bHeAlOeM 

MbI 6y,o.eM pa60TaTb c 60nee npOCTWM ypaBHSHl1eM B 1P0pMe ( I). 

~H311~ecKH HHTepecHaA n OCTaHOBKa 3a,ll,aQI1 06 OTTaJlKI1 Ba~lI1eMCH 603 e 
• D , 1'1 

ra3e OTBeQaST r83Y KOHeQHO!), n.lJOTHOCTI1 §':= dm 7: • IV --0- 00 • /.., .. 00 • 

(T. e . OfTl1 CaHl11O CI1CT eMbi B Tep,lO,Jl;MHaMHtl8CI<OM npell,eJIe) . Ha KJlaCCKtJ e CKOM 

ypOBHS 3 TO nplifBOJ],lifT K BBeJ],eHI1IO HeTpl1Bl1anbH~X ( KoHcTaHTH~x) rpaHI1QH~X 

yCJlOBI'I~ Ha nepeMeHH~e 'f'(x, t. ) ypaBHSHlif f! ( T4): 

't' ex, f.) -- 'i-' t> 
J(- + lX> ,{ 't'x (x, t) .-. 0 I . 

IIf... }2 = I '1J_ }2 = .pr,ll,e - nrrOTHOCTb KOHlI,eHcaT8/ I ~/. 
\1cnOJIb3Yf! aCHMIlTOTI1KI1 pern eHI1A ¥to cTa nHHeeiHoM Cnet(TpMbHOA 3a.n;a QK 

(I 5/ 23/ . nOJIYQHM He,ll,HarOHaJIb~e rpBHHQHble y c noBHH Ha S (x , t> 

i.&r x ,'t )
VKz", 4f" ) 't':!: e 

(23)S (k,tJ- S± 
( J(, t J = : *' -i.B(x,t) _ VKz +l(y' ( ), 

l<_~ <:P -'P± e 
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e (X,t.):= I< (x tvt) , v= {KZ--;I{/ 

K =- 2 (A~ -y' - BOJlHOBOe lIflC.1IO, 

J.. 0 - TOlllW HOpMflpOBl\l1 11 3 HenpepblBHOrO Cnel<TpB ( J) 0 I ;;:. G' ), 

rpaHlfllHble YCJlOBl1f1 (23) o nHChlBalOT paBHOMepHYlO npeu ecCrllO BeKTopB S 
BOl<pyr OCIf z: C lIaCTOTOr, W ~ K V /( 2 .. 1fJ> 0 OTBellall)ll\eti 60romo60BC1<0r, 

r!ie 

0 

,JJ;Yl crrspCIDl B TSOPfl lo! CJIa6 0HSll;II;SaJlhHOrO 603e-ra3a KO He llHoi1 nJlOTHOCT lo! 

f . ITp Oel<T1 HfI S H;J OCb: nprl 8TOM OCTaeTCIl HeH3MeHHO~ 0 ·H Bce H3Me

He Hfl ll npl1 n epe XOll,e 0 '1' -C() I< +00 CBO,lJ,5ITCR K nOflBlleHl11O <Pa.3b1 of. • TaKo ~ , 

tpro lJ.'- =: 'ft e coL • B SKTOP S rrpe~8ccHpyeT B rrpOCTpaHCTB8 B BH,ll,9 

" c mrnOBOM BOJIHl,l". pacrrpocTpaHm<ll\8HCJI co CKOPOCTblO'If' , 8MIlJIllTY,Ila 

KOTOp o l1 3alli!CHT OT BOJIHOBOrO B8KTopa k. OTM8TI1M 3,I1SCb ,I(Ba 

OCiCTORTeJIbCTBa. I3o-nspBIlX , nOCTaHOBKa rpaHH'llIlDC YCJIOBruI (23) Ha 

± 00 no )( B03MOlftHa T01lbKO B TOM CJIyt1as , KOr.ll,a MaTpl1t1 a paCCellHl-l1l .ll,JlH 

BcnOMO r aTSJJbHot1 JlI-lHSr,Ho l1 38.ll,allH (npflBO.ll,HlIleA K HYW ( T4) ) I1MeeT "6e3

O'I'p8l!laTe.JJbHbli;; " BI1.ll, . fl0 3TOMY B .ll,8Jl bHeRlueM MbI 6Y,ll,eM I1C nOJlb3 0 Ba Tb lfHUJb 

pelfleHIHl MOCTa, OnrlCblBalOll\l1e pacceRHHe nJl OC I<O~ B0 1lHbI Ha " 6 e30Tpe1IUl.TeJIb

HOM" nOT€ HP Ha 1Ie (COJII1TOHe HYUJ ) . B O-BT0 Jl:olX , n OCTaH OBK8 He Tprl BI1.llbHbIX 

r paHl1l1HblX YCJIOBI1I1 Tl1na (23) .ll,.1l1l nOlfHot\ M8Tp l1l l b1 S npl1BO.ll,flT ( Kal< 

fl B cJlYllae nJIocl<o A BOJlHbI) K KJIaCClflleCKKN peUleHl1llM C 6ecKoHe llHo lol ::lHep

rl1e~ . IIrllDb B npe.ll,e.1Ie K» Vf, S± - 6"3 (OTCY'T'CTBl1e KOH.ll,eHCaTa ) 3Hep

rHIl MOlileT 6blTb KOHellHO Iol. AHaJIOrfl llHaR cHTya1ll1R I1MeST MeCTO B HYlll C 

OTTaJIlrnBaHl1eM, r.ll,e lIflCJl O llaCT1111 11 3HeprHR KHHl<a P8CXO.ll,RTCR. KOHellHbll1 

p e 3Y1lbTaT B03HrlKaeT npH nO,ll,XO.ll,ffiI\eM BbllIHTaHHI1 113 3Heprl111 KI1HKa deCKO

HellHo A 3Heprl111 KOH.ll,eHCaTa . 

McnoJIb3YR KaJIHdpOBOllHYIO ~KBHBaJIeHTHOCTbJMO~HO I<~OMY perneHH~ 

y p aBHeH HR (I ) rrOCTaBHTb B COOTBeTCTBl1e pemeHI1R ypsBHeHHR I T4 ) no 

rji0pMYJle 

i ( /'l . It C\ ,D ) LQ{ (X,ti (21( , 
't' (.1' ,-t ) =-;! 0'>; +/..s (J . ...,. ~ e 

rll,e { ott =c &41-t - ~ ( 8~ ..sh 2 {) . CP} -4f), 

0( 1/ ::: ch e , </" 

fY , L.f - YPJlOBaR napaMeTpl13811 11R I l' BeKTopa :s 
Vl3 tPoPMYJIbi (24) BI1.ll,HO, liTO nOJJyQeHl1e pelDeHl1ii HYlli no pelDeHHRM ypa RH~
HI1H JH CBO.ll,I1TCR K npOCThlM onepBfll1RM .ll,H<MlepeHIIHpOBaHrlR , B T O BpeMR 

KaK 0 6 pB'l'HaR npoliell.Ypa 3Halll1TeJl bHO CflOJIIHee 11 CBIl38Ha C pewe HJ.1 e M CI1C

TeMbl HeJlI1He AHblX ~H<MlepeHTll1aJIbHblX YpABHeH I1A. B CBR3H C ClTI1M 11011.1 n pl1 N1 eHI1M 

APyro~ , 60Jlee npocToA,MeTO,ll" ¢gKTHlIecKH OTBeQa~ml1« pemeHH~ ~Tn« 0 6 paT

HO~ 3a.ll,alll1. MCnOJIb30BaHI1e Ka.JIHdpOBOlIHOA 3RBI1BaJleHTHOCTI1 .ll,Byx lie1lI1He«

HblX I1HTerpHpyeMblX CI1CTeM n03BOJIlleT, 3H8Jl pelDeHHIl rlocTa .ll,JlR o,l1,lIo r o 

8 

,YpaBHeHaH, nOCTpOrlTb COJII1TOHHble pemeHl1 1l ,Jl,.II1l .ll,Py r o ro . IIH nOCTpOeHI1H 

O,l\HOCOJII1TOHHOro pemeHI1H ypBBHeHI1 ~ JlaH,l\ay-lI\1(fIlJl111a Ha ~V(~ -I' -nCeB,l\O

crjiepe I I ) I1cnoflb3,YeM O.ll,HOCOJlI1TOHHOe pe~ eHl1e MocTa ,l\JIIl H.Ylll BI1 o.a/23/ : 

¢ ()(, t ; .) ,)0)= ( 2!; ) (f¥ !..) 
I 


r,l\e 

-i!. (N).i ) ( l/J+ _ Y'i';[P+()..-dJ (,1o- :So)] ) 

Q.lx,ti ) ,Ao)=e (~T !j(y+do) (!+e2l) ? 

b (x,t j A ,)o)= e,,5o (X -Z).t>(C,(o-So)-- \)[0 0- "50 ) + 0 - I. V)] ) 
(v- L 'So ) (1 +e H ) 

2: = V (x -2 (A - 2Ao)t "Xo). 

3~eCb, A - CneKTp8JJbHH~ nap8MeTp, onpe~e1l1l~~H ~ CI< OPOCTh H aMn JIHTy~ 
KHH¥a B MO.ll,enH HYUJ, 

v= JJ - ). 2 , 1)./ ~ Vi; 5 0 ={).,~ -f,', lAo I ) (j 
lIenocpe.ll,cTBeHHo A n0,ll,CTaHoBl\O !1 ( 2! l ) B ypa BHeHlle 120' nOJJYllaeM 

~ J... ~2 Z
S =~- (J._J. ) sechloJo 2:S o 0 

S ... :=. i ~: ( 5' + ).). 0 + d ~0) , (26)
2?:5o(v+~>o)2 [(A-).J+ (vthl+i..)o )2]e-2L~O (X~2)o. ot.) 

HeTpY~HO y'lell,I1TbCR, liTO 3'1'0 pelDeHHe Y.ll,OBJIeTBOpReT rpaHI111HblM YCJIOBI1RI, 

( 23), eCJlfl 

l<i. =- ~ - k~o +_ LV :s 0 


5'-)}.o-£..V~o 


3. IfuR I1HTerpl1py eMaR Clo! CT eMa , ypaBHeHl1e (1\ od.~a.ll,aeT d e cRoHet!

HblM lII1C1I0M I1HTerpa JlOB .ll,BI1~eHI1A . Hac dY.ll,YT I1 HTepecOB8Tb JI l1lUb nepBble 

TpH lo! 3 H~X . I1Me~~H e HenOCpe.ll,CTBeHHbln ~113I1l1eCKI1 A CMHCJI,- HaMarHHlIeH

HOCTb (npoeKll1HT Ha OCb ~ ) , VlMnyJIbC 11 3Heprl1fl: 

<) 

http:A-).J+(vthl+i..)o)2]e-2L~O(X~2)o.ot


00 

Ml =Sdx (S\x,-o - Soi.) 
-00 

( 27 ) 

n ::: j d x (X(x,t ) - 3(0), 

E = J
oQ 

d x ( 'de (!<,t) - dfo ) , 
_00 

p)!,e 
. 5+5- 5-S+1[(xi)=J"",.)( - x 


, 2. 1+ Sl 


'Je.(xt. )=J.. [ CSi! )2_ Sf- S-]
I 2. -" .>; x , 

.flo =&m.ll (x,t), .fI { X/t);: ( S :',% , ;K ).
Ixl-+"" 

BeJl IILlI1Hbl , :7lo 11 'ito OnlllCblBalOT " KJlaCC I-I l.!eCKOe BaKYyMHOe COCTOflS: 
HJtl e " (KO HlI,eHCaT) . 

'~IIIHaMH l.! eCKJtle nepeMe HHl1e ( 27) H8 COJlYlTOHe (26 ) I1Mel!JT Blf.D. 

~ (28)
M~ =- ~o(}.,o: A) , 

. yn =- Ifa<.c SW 1 >

V2 (). 0 -;U (). 0 + 3 0 ) 

£ = 4v =- 4 VJ- ). z' 
) 

npJtltie M 

Sz-b , :JCo =-2(J.o-'S . ) 'deo=-2p.
0- 3'0 ' (29) 

BOJlee Y)!,06HO )J,JlH )J,aJlbHe~rnero a H8JlH3B B~3JtlTb 3TJtl )!,I1H8M\tltieCKJtle nepe

MeHHble tiepe3 BOJIHOBOe tiJtlCJlO K , 3HatieHJtle KOToporo onpe)!,eJlfleT npoeKI~1() 
BeKTopa HaMarHIIIl.!eHHOCTJt1 B cn~HOBO A BOJlHe (23). B 3TOM c~yl.!ae HMeeM 

4 VP-P'M (K ,A.) =- - , 
k (1.lK2+4i - 2 }' ) 

( 30) 

,I - 2 (1' - ).. z ) 

n(k ,A ) ~ 4Inc SLn V( VKz+ 'tl- 2J..) (llKz+ll,i +K) 


E( k , A) = ~ I J -J/- ' ? 

HI 

~ COOTBeTCTBeHHO: 

s~ - vKz+L;f 
o - k ' ( 31) 

:;c 0 = - (J KZ + 1{.5' ' - 1< ) , 

1to =-2J. 

npoaHalH13Y1pyeM nO.'1Y'leHHble Bb!paJ!(eH~fl. PemeH~e (23) On l-l CblBaeT Cnl1HOBJIO 

BOJIHY C 6oroJllo6oBCK~M 3aKOHOM )!,~cnepc~~: 

W(K.)=-!<. VKz+4j" (32) 

np~ K» fi nJlOTHOCTb HaMarH~tieHHOCT~ S; CTpeMJt1TCfl K e)!,YlH~ Ue , ti TO 

CO OTBeTcTByeT MIIH~r.r.yMy BepxHel' nOJlbl r~nep6oJlolII)!,a (III 03HatiaeT OTCYTCT

B~e KOH.D.eHCBTa). 1-\Hcnepc~fl c mlHoBo f;1 BOJlHbI B 3TOM c.rrytiae HOCIIIT KBa.D.pa

TJ1'l.!Hhlil XapaKTep w (k)::=- K2 • B .D.PlfOM npe.D.errbHOM crrytiBe K« {j' 
( K->- 0 paCXO)!,Jt1TCfl KaK ~ __ DO, T.e. Bell,eT CeOR KaK) S;: 
Cpe.D.Hee ti~CJlO tiaCTJtlI1 B 603e-KOH)!,eHCaTe!24!: 

<o.:a K >-- V9.- oo 
/( .... 0 K 

1-\HcnepCI1H cnYlHoBol1 BO.nHIiI npH 3TOM CTaHOBIIITCR JlYlHeV,Hotl W (K) "" 2 ~ K. 

\>I onHCllBaeT KOJlJleKT~BII3JtlPOBaHHoe )!,B~l!teHllle Ll8CTI1tJ co CKOPOCTblO 

/ vi Q- I1f5G I , p)l.e CKOPOCTb 3BYKa eCTb 

~g '" (5-P)K~O =2Vy . 
OTMeT~M , tiTO B OTJl~tiHe OT HeJlJtlHel1Hol1 CITJtlHOBol1 BOJlHbI C KOHetiHol1 aMnJlJtl

Ty )!,o il B S U (2) - MarHeTYlKe f al13eH6epra!25, 26/ 

iJKX wt~+(K,t)== Vi=' (S! )2' e - ; w = S~K2 , 
ftBJlH~~e~CH HeYCTO~LlHBOA Jtl pa3BaJlJtlBa~me~CR Ha HB 60p CORJtlTOHOB, B HameM 

c.nyt<ae aHaROrJtltiHaH BORHB CTaHOBJtlTCfl yCTO~JtlBO~. ,Il,pyraR oco6eHHOCTb 

cn~HOBoA BOJlH~ (23) CBff3aHB C TeM , tiTO nJlOTHOCTb 3HepPJtlH .D..nfl He8 (31) 
eCTb npocTo nnOTHOCTb KOH)!,8HcaTa H He 3aBHCHT OT K (BCJle,CTj\e KOM
neHcalrn~ ,lJ,ByX paCXO)!,HMOCT8~, K8K Jtl B CJIyt<ae U (1, 1) HYill 18 ). 

TaKHM o6pa30M, p8ill eHHe C H8HMeHbrne A 3HeprHeM B Hamel1 CJtlCTeMe 6ecKo

He" HO BlipOlK,o.8HO no BOJlHOBOMY BeKTopy K ,'lTO CBfl3aHO C HeKOMnaKTHO

CTb~ rpynnbl CJtlMM8TPJtlH Jtl co CROl!tHO~ CTPYKTYPO~ BaKYYM8 cooTBeTcTBYIO

meA KBaHToBoR CHCTeMW. 

npOBHa.rrH3Jtlpy eM Tenepb )!,~cnepcHoHHJlO ~PMYJlY )J,JlR COJlHTOHa (26). 
WCKR~ti8R 1113 c ooTHorneHHR (30) napaMeTp A • nORyt<JtlM CBR3b: 

II 

l 

http:KBa.D.pa


E , fV, =: g (f +- 1/1 + £i' )si n 2 !1 	 ( 33)z I<~ 1/ 

npH 8'I'OM n apaMeTp K nOl( 83b1B8eT, H8A K8KJ.lM "BaKYYMOM " (cnHHOBO~ BOJl

HO!';) P8CCM8'rpI-lBa eT CR B036YJK,II,eHl1e . Ecml nnOTH OCTb KOHAeHcaTa B Cl1CT9Me 

MalIa, T. e . K» {j , TO AI1CnepCM R COJI v. TOHa BClJll-l31-l MI1HJ.lMYMa BepxHet1 

nOJIbI r HnepCl o ,ijOI1Aa eC Tb , 

E(n) = 	16 sin 2 n , (34) 
M~ '1 

I.J TO COBna)J,8eT C nOJIYlleHHoA B paMI{aX SU (2) - Mo)J,eJlI'! r aH3ej6ePra /25/, a 

TaK~e C TOYH~ pe3yn bTaT oM AJIR CnMHOBOrO KOMnJIeKCa GeTe 6/ . B 3TOM 

c 11YLJae Ml xapaKTepl1 3y eT BHy TpeHHe e KBa.HTOBOe tl l1CJIO C011HTOHOB I-l paBH O 

3if¢eKTI1BHO" Macce llaCTI1Pbl , OTBetlalOlI\e~ COJIWI'OHY npl-l n::!:' 0: 
2 

E ( m ~ ':.rz 

B ,n;pyroM npen,enbHOM CJTYLJ a e K <.<. {j BbiCOKI-lX nJIOTHOCTe~ 4:aCTOT8 npe

l ~e C CIIH CTpeMYITCll K HYJIIO, 11 Mz- oo . npJ.1 OTOM qx,pMYJla ( 33) He AOnyCK8

eT npeA9.1JbHOrO nepeXOAa K- 0 , 'I'.R . Mi!o nepeCTaeT 6blTh AI1H8M1'l4:eCKo t1 

nepeMeHHO H ( tlaCTOT8 npeUeCC HI1 06pall1aeTCR B HYJlb). n08TOMY , HCK.1IJOtlaR 

1013 BToporo 11 TpeTbero ypaBHeHI1R B ~pMyJle (30) napaMeTp A , MH nony

tll1M ,ll,J.lcnepC I-lOHHYIO <PoPMYJIY JJ.JI ft COJII'ITOH8 (2G) B 3TOM CJlY tl8e: 

£ ( n ) = 1{ vJl s [n if (35 \ 

rll,e O~ 2:n 
0, j[ . 


Sor8 3aBHCl1MOCTb E OT n (c TOtlHOCT blO ,11,0 K03qxpH u HeHTa) COBna,ll,aeT C 


T OtlHO~ AI-l CnepCHe fl aHTH~eppoMarHoH8, nOJlyqeHHO~ ,ll,e KJJya30 11 ITI1pcoHoM / I 9~ 

11 npJ.l M8JlblX n nepeXO,ll,HT B c n eJ{ Tp o.o,Horo MarHoHa* ) : 


E (n) ':::: 2 {j n . 
TaKI-lM 06pa30M , aHaJIOrHtlHO TOMY , Ka K Cl Ol'OnlOCloBcKaH AI'!Cnepcl-lR B 

ABy x npe,ll,enbHbIX cnytlaflX onH CblBaeT tlaCTH[~ C KBa.n,P8THtlHOR J.I 11I1He?HO ~ 

AHCnep Cl1eM, Hame C011I1TOHHoe pemeHl-le (26 ) Onl1CblBaeT AHcnepcl'!1O cfleppo

M8rHI-lTHOrO H a.HTl1cflepPoMsrHI'!THoro Tl1nOB COOTseTCTBeHHO. HaK 11 3 BeCTHO , 

TaKoro Tl1na nOBell,eHHeM Ha y poBHe JlHHeap"30 BaHHo!:1 TeOp1'l11 06rr811,81OT if>eppH

Ma l'He TH KH . TotlHoe COBn8,11,eHHe c neKTpoB, K8,ij l1ClpOBOtlHaR 3KBI1B8JleHTHO CT b 

C OTTarrKI1BalO~HMc fI Clo3 e-ra30M, KOMneHCaJlI1H H8MarHI1 lleHHOCTeR BepxHe!:1 I-l 

HIfl!{HeR non rl-lnep60n014.I1,8 npl1 K-O Y K83blB8111T Ha B03MOlltHYiO CBR3b paCC M8T

plIBa eMof,\ MOAenl-l C aH Tl1tPeppoMa rHeTI1K oM. IUlK 1'!3BeCTHo, aHTHtPeppoM8 r HeTJ.I

Ky B XX tc - MO.Il,e11 1<! cooTBeTcTByeT p emeTOtlHblR 603e-ra 3 C OTTa,IJKHBaHHe,./2?I 
a ero nOBeAeHH e B6 11H311 KpI'!THtleCKot1 TeMnepaTypbl )J,onyc KaeT T8 101te onHC8

JE) 	 OTMeTHM, tlTO n,Byx noApemeTotIHaR MOAeJlb JJaHA8y-,~\1(f~lwa AaeT .lI,JIR 
cnl-lHOBoR BOJrHbI TOJlbKO JlHHetkHbllI 38KOH AI1 CnepCl111 16/ . 
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I281 
Hl1e B paMKax TeOp1111 c.na6oHelI,n;eWIbHoro 603e-ra3a . E)oJIee Toro, 


Ka K nOKa3aHO HeAaBHO B pa60Te aBTopoB 11 B . r. MaxaHbKOBa
/20I 

, ~I1HaMI1
qeCKO~ CI1MMeTpl-le~ JII-lHeapli 30B8.HHOrO AByxno,n;pelDeTOtiHorO a.HTI1if>eppoMar


HeTI-lKa flBJIfleTCfI HeKOMn8KTHafi rpynna Q® [ sU (1, 1) ] K ,coOTBeTcT


BYIC1I\8R lUlaCCI1t1eCKafi ,fJ,IIHaMI-lKa MOAeJII1 Onl1CblBaeTCR rapMOH I1t1eCKHM ABHlKe


Hl1eM B TlJIOCKOCTI1 JIo68t1eBCKoro. COBna,n;eHl1e l<Da3I-lK,~aCCHtieCKI-lX cneKTpoB 


C TOtl liNM KBaHTOBhIM flBJlfleTCR B HacTOf!ll\ee BpeMR OAHOti 113 3araAOK Bn OJIHe 

KHTerpl1pyeMbIX CHC 1'eM. 113secTHo, tlTO ra~3eH6eprOBCKaR MO"eJIb 11 30Tpon

I-lHTerpHpyeMo~/2g •Horo a.HTI-lif>eppoMarHeTI-l Ka flBJIReTCH TOtlHO 	 n03TOMY 

cOBnaAeHl1e cneKTpOB I1HTerpHpyeMblX MOAeJIe~ (KaK, Han pl-lMep, B c,~ytlae 

ypaBHeHHR Sine-Gordon I-l Mo,n;eJIM THppl1Hra ) MOrJIO 6bl YKa3b1B8Tb Ha 

VlMelOlI\YIOCR Melt)lY HHMH CBR3b. 

B 38KJlIOtleHI1e aBTopbl BbIpilJKa IOT rJly60KYlO 6 ,ijarOA8pHOCTb B. r . MaxaHb-

KOBY 3a 06c~eHl1e nocTaHoBKH 38Aatll1 11 BHI1MaHII9 K pa60Te, 8 T8K*9 

M.rOtl9BY M A. M. Ko ceBI'!t!Y 3a PflA nOJIe3!-1blX I'! KpI'!TJ.!1.leCKI1X 38Me4aHI'!~ . 
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nawaeB O.K., CepreeHKoB C.A. P2-85-481 
Hen~ HeHH~e a-MOAen~ C HeKoMnaKTHoH rpynnO H C~MMeTp~~ 
~ Teop~A He~AeanbHoro 603e-ra3a 

nOCTpoeHa Henpep~BHaA KnaCC~4eCKaR MOAenb MarHeT~Ka raH3e H6e pra 
Ha HeKOMnaKTHOM MHoro06pa3~H SU(l,ll/U(l l , KanH5poB04HO-3KB~BaneHTHaR 

HenHHeHHoMY ypaBHeHH~ WpeAHHre pa /HYW/ OTTanK~Ba~ero T~na. nOKa3aHo, 4TO 
B~6op ~YHK~~H KanH6pOBo4Horo npe06pa30BaHHA B B~Ae peweH~H HocTa AnA nH
He MHOH 3aA 34H HYl!J n03BonA eT CT pOlo1Tb peweHIo1A COOTBeT CTSYOOIeH o-MoAenlo1 Mar
HeTHKa. npeACTaBfleHO ABa THna paweH~" B BHAe " cnHHOB~X" BonH H con~ TOHOB. 
B~4~ cneHbI Io1HTerpanbi 3HeprHIo1, HMnynb ca H H3MarHH4eHHOCTH. C n~ HOBbJe B011 HbI 
onpeAenR~TCR 6oronQ5oBc KoH A~cnepC Io1 eH 101 onHC~Ba~T npe~ecc~~ Ha nOBepxHOCT~ 
rHnep60I10HAa C iIlHKCH pOBaHHblM 3 Ha 4eH~eM M ! . COfllHoHHoe peweH~e onlo1CblBaaT 
Bbl XOA BeKTopa HaMarHH4eHHoc rH 101 3 nnOC KOC TIo1 npeue CCH Io1. Ko rAS nnOT HOCTb 
KOHAeHCBTa p ~ 0. cneKTp cOB naAaeT C pe 3ynbTaToM AnA SU(2l lIlepPOMarHBT Io1Ka 
raH3e H6 epra H C T04HblM pe3yn bTilToM AnA c nlo1HOBoro KOMnneKca 6e re . B cnY4ae. 
OTBe4aOOleM HeorpaH~4eH HOH An~He Be KTopa S. cne~Tp conlo1 TOHa cOBnaAae r 
C AblP04HbiM cne KTpOM ilHT"'CIlcPPOMarHe TL1Xa, a lIaMarHIo14e HHOCTIo1 BepxHeM 101 HIo1"'He" 
non~ rlo1ne p6on0lo1Aa KOMne HCIo1pY~T APyr APy ra. 

Pa50'Ta Bbl nonHeHa B Da6opaTOPlo1 " Bbl4101cnlo1Tenb HOH TeXH" K'" 
'" a BTOMaTIo13a ~HIo1 OHn ~. 
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