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8Be./leHlle 

YpaBHeHllH ./lB1l1eHllH ./lnH MHOrllX Cn01HWX KBaHTOBWX CllCTeM Y.ll06HO 

CBO./lllTb K CBH3aHHWM O./lHOMepHWM ypaBHeHllHM Wpe./lllHrepa C nOTeHUllanbHOR 

MaTpllueR Va , a ' Cx) II "KaHanOBblMll !f>YHKUllRMll " 'Ita 3./le Cb llH.lleKCbl a 

npencrasnaor c oc o a nepeMeHHble, conpRJ:eHHble K npOCTpaHCTBeHHWM 

nepeMeHHWM llCX O.llHOR MHorOMepHoR BonHOBoR !f>YHKUllll. OT KOTOpblX ynanocs 

"1l3daBllTbCR" ·c nOMOlllbD ododllleHHoro npe06pa30BaHllH ~YPbe COCTaBllB 

e./lHHCTBeHHYD- x ) . BblllrpblW B BW'lllCnllTenbHOll npOCTOTe C .llllCKpeTHOCTb 

3Ha 'leHllR 0., B03MOKHOCTb Or paHll 'lll TbCH KOHe\lHblM ax 411CnOM ) 

conpoaoxnaercs , O./lHaKO, norepez !f>1l3114ecKoll npoapauaocru ifloPManll:3Ma . 

HaM rpynxes npencraaars cede aaxoxcsepxocra nOBelleHHH xaaanosux 

!f>YHKUHR B 3aBHCHMOCTll OT a , 4eM ifloPMy eonaosoa 4)YHKUHH B Odbl'lHOM 

npocTpaHcTBe . 

B llaHHoA pacers nOKa3aHO, 'ITO HarnliliHOCTb nOBelleHHH !f>YHKUHA B 

a-npOCTpaHCTBe MOXeT dWTb B 3Ha'lHTenbHOA CTelIeHll BOCCTaHOBn9Ha . Mo~o 

npencraears ceClo llBllxeHllO no a : KonedaHllJl, CTOll'llle aonxu. Bbl3blBaDIllHe 

pe30HaHCW pa CC911HUlI , pacnpOCTpaHeHlle naKeTOB B H9CT3UHOHapHoA 

nOCTaHOBKe 3a./la'IH . KnD4eBblM MOM9HTOM ::l110Cb 1I1ln1l9TClI 1 'E~!l!V!Q. '.1I1q," 

_OnepaI QQa _ ~U H eIK~eCK Qa _3Hegr uu _Q~4U K IO HKn _ _Ua MaIgKU~ 

llaaUblQlleBQIlllill __Va , (3 . U p03ynbTaT9 lW nOlly 'l auM nplIllbl'IHblA r aMHn bTOHll aH 

II no HOBoR nepeM9HHoA, J::cnH K TONY X9 Bhld pUTb MOllenbllYD nOTOHUHanbHYD 

M3TPHUY, aonycsaouye pa3.ll0neHII9 KOOP.llHII3T K II (1 . TO 1I0XHO nonY'lHTb B 

'UIOTOM BH./le KaHanoByD OOCTaBnllDIllYD ao nu onoa I~Y III(\ I H \( \( c nexr p : 

( OIl1l3 f1I11 U,IX coc ro.nmn II IllJ :IOI Ill Il OOIt ) . 

TaKoR xe noaxca H90XHJ1aHHO OK838nCll 1l03 MOJ:Il b1 t.l H K CODc e M .llpyrHM 

./la'laM : 0 ./lBllXeHIHl 'laCTHUbI B n Op IIOllH' lUCI\OM no ne . Olll{ pac c aorpc ns B 

KOIIUO paoora . 

MO./lom.. .llonyOKn lJlll8 J1 p iil3./lenUIIHfJ no pOMCl llll blK K H I t 

CHll'lllnll HylUlO yTO'IHHTb. 'ITO MLI d YJlCoIM 110HllM l1Tb noa TOpMHIIOM 

"1( I1I I1U II,I". IIpH onH08HHII onOlUlblll MHoroM.p lll~X. MIIOr O'InOTH'IHblX KDtl ll 'r ODbiK 

OHOTOM dbiDoeT y,nodllo pa3nl1raTb Dom loaYlJ l1JYHIII IHlJ ,~ ( x , ~ ) , 3 0 ll HOllillYD OT 

IlQOKOn bKMX nepo woHHI4X 110 H:JlleOTllblW d Iil 3 H OIfI~ M 4lYII l\I l HJlM 'l a C~ } • r llG ~ 

II 



II
 

oocoua-raer ll QQ nepeMeHflLle CI1CTe Mbl . KpOMe QllllQU " X" . CneU l1aJIb HO 

BUne neHHo V. ( pa3 JIo :r.eHl1e no KaHaJIaM a ) : 

t (X . ( ) ~ L '~a( X ) ~a« ) ( 1 ) 
a 

Ik nc TaDn .,;}! ( 1) B y p3BHeHI1e Wpen llHr e pa 11 npoeuupys nocnenxee aa 

paaua e Oa3 l1GHbIe <!JY HKUI1I1 H O , nOJIy4l1M CI1CTeMY QllBQ!!I~PlJl!IZ CB5I3a HHblX 

y pa BHeHIH1 WpenllH r e pa ,aJI5I K03qx)JIl Ul1e HTOB 'l 'Clpa 3JIo:r.eHII 5I ( 1) : 
';) . ) 

·-J ' · . d x '- I./'c.c x ) -t [; Vafj(X )'lJa(x ) = ( E - <:a ) 'lJa ( x) ( 2) 

B CI1CTeMe ( :::) BOJIHbl MoryT n Bl1raTbC5I KaK n o npOCTpaHCTBeHHOIl 

nepeMeHHOI1 X . Ta K 11 nopexonwn, 113 oaxoro KaHaJIa a B apyr'ae KaHam! 

[3. Pe waTb oaxosepxue CI1C TeMbJ r ana ( 2) Ha 3BM 06bJ4HO cusaer npoue , 4eM 

Il CXOn HOe n l1~peH U ll a n bH oe y paBHeHl1e Wpelll1Hrepa B 4a CTHbiX nponasozx ax 
n JIll 'IJ ( x . ~· ) . YJlI.e c e l1' lac c YUlecTBe HHa ll nona pa60T B JlnepHOI1 cjJl13l1Ke 

CBJl3 aHa c peWe HIIE>M MHo r OKaHaJIb HblX CIlCTeM. a B 6 y ny UleM TeH neHUl1ll 

nepe xolla K TaKI1M pac4eTaM To nbK O YCI1JI I1TC5I, 

B TO )1;8 !JpeMli q>1l::Jl.l', e GI(a51 IlHTYI1UI1Jl OTHOCllTeJIbHO BJII151 Hllll MaT p l1Ubl 

B3a l1MOn e ll c TBIl il V(~ r/ x) H3 Ha6JIklllaeM!>18 paasura noxa 04eHb cnaco. CllcTe Mbl 

(2) OCTa KlTC5I Ka K 6 t,1 " ' lepHblMI1 51 UlI1KaMII " : npI1X OllI1TC5I aaxnanus ar» 
I1C XOnHble n aHHbl€' B 38M 11 nony-taru 113 He e 4l1CJIeHHble peayJIbTa TOl . 

npaK Tl14eCKl1 HP npencrasnaa c ede Ka 4 eCTBeHHO CB1l3b V (3( x ) c o 
a 

cneKTpaJIb HblMI1 ua paM8TpaMl1 I1JII1 laHHblMIl paCCellHI1 51 , 

3 a n l ll HYTI> B ' le pHblll JlUlI1 K nO::lBOJT5IklT T04HO peuiaexue MOlle JII1. 

npoc Te v.W l1e 113 HI1X - ::lTO 6 - od pa 3Hble 11 nOCT05lHHWe MaTpl1Ubl 

B3aI1MOlle V.cTRllll . KJT a c c Ta l( I1X pewae MblX Mo ne JIe il 06p a3 yKlT MaTpl1Ubl 

oapr vaaoscxor o r ana ( CM, IHl l1ry [3 , II . 3ax a p be Ba II A. A, CY3bK O I I J • 1' Jl. 5) , 

lJ n3HHClll pa o cre p ac c v arpasa erc s HOBblll noa x oa K no c r po e x ao TO'lHO 

pewa eMblx Monene£! . CfJlo13Cl II II I,IX C paa .ll~ne ll l1 ~M JUlllli~lm lL ll Q ll PQCIPaliCneHllQlI 

~K ~ 11 Kall an QaQH _ ~a ~ ne paM ~HHUM . 

Ka l( ronepu c rane il CIIO, TPYJJ.1I0CTb nepeHe C8HI1il lI aWIlX npl1Bbl'mblX 

npoJlc T3 Ul1Gtllll ll 0 n ll l1llWlI l111 Ilfl3 11'r OlaWX !JOJlH B x-npoc r pa xc r ee li n llBI1JteH l1e 

no « COCTOI1T II oTCyTCTll lI 1I IJ~ Mlio r OKaHaJILH OM o ne pa 'ropv Illpe JJ.I1Hr e pa 

QlIe paIQ\lil IHIUeTI1' ICC!lvH ~ 1I "· llr l1 l1 . 'l'ctt IlUlleM ~lIlelll111 no Kall anaM ' ll ocx onuny 
m ,>pl ' MoHH311 ( I 1lllClt pe TlI 3 11 , nOCTpOI1M r a xoa OIl QPi'lTOP x a n 

JWHl' '1110 pn 311 0cTII Wol a uan o r n poa u uonnoa IJTOpOrO no psn x a 11 0 (1 ( C uiaro x 

b. J : 

~ t~ - 2 '~ I '" T 'I' • _ ) 1 tl C, W1 U J 
ch tl !l 2 

~ 

OI(33b1D,W TOll , MOlllI O OlJI1T8TL , ' ITO T:h COllO PllHTClI M3TPll U" 

1J3 allMOnallc T flll Jl V0(3 ' llWlll)JlIIM e r e , n p l10 n l.lJl II 8b1 l ll1Ttl lI COOT TCTfl Ykllll1l 

'I JIlilllhi Il ( 2) II \lI\JlD' ln Jl c .. n n o r ou u ua n ua yn Oy MMy : 

- d2 /dx2~a(X) - ( ~a+ 1 -2~a +'lJ _ ) /!lC + ~ ~0(3 (X) ~(3(X)= E 'lJa(x). ( 4)
a 1

rae HOBaR a!M>eKTI1BHaR xarpaua B::laI1MOlleilc TBI111 ~0.[3 ( x) I1MeeT BI1JJ. : 

~0.[3( x) = Vafj(X ) + ( 6a+1,~ - 260(3 + 6a-1 . ~) / !lc+ 6a{Jfa . ( 5) 

BOCnOJIb3yeMcR r ensps CBo60 ll011 suoopa MaT pl1Ubl Vafj( x ) , 11 rrocrpoau 
npocrue T04HO psuraexus MOlleJII1. B KOTOpblX db! OTne JlRJIOCb llBl1Jt8HI1e no 

KaHaJTOBOll nepeMeHHoA a. MOZEO, Hanp l1Me p . c neU l1a JTb HblM non 60 pOM Va(3( X) 

nOJIY4l1Tb ~ 0.[3( X ) B Bl1ne llpRMoyrOJIbHOll 11Mbl: 
( 6 )~0.[3(X ) = 60.[3V ; npl1 0 < x < R; 0 < a . ~ < M o 

c llOIlOJlHIITeJlbHblM rpaHl1lJHblM YCJIOBl1eM. OTBe4aVUll1M He TOJIbKO 3anl1 paDUleA 

6eCKOHeliHoll RMe, HO 11 R-MaTpl1liHOA T80Pll11 paCCeRHI1 R: 

( 7 )~a(X ) =0 ; n pl1 x ~ O. x ~ R, a ~ O. a > M 
3neCb sacopov KOH8liH oro lil1 CJIa M Mbl or-pan11 '111 JIll KOJII14e CTBO CBR3 aHHblX 

KaH aJlOB. 

11m! Toro . xrooa BblnOJIHRJIOCh yCJIOBl18 npliMoyrOJIbHOCTI1 ( 6) , 

MaTpllua B3al1MOne Ac TBl1R llOJIJtHa 6blTb Tpl1nl13 r OH3JTbHOll (CM. (5), ( 0 )) : 

C 
Vafj(x) = 60(3V - ( ... c6afj I 6 - 1.(:J ) / !l - 6a{Jfa' (8)o 6a+1.f3 a 

Vb 3Toll tPoPMYJIbl cneayer Ba:IHblll It aqeCTBellllblll BblBOll :~iJ!ml! I!E,!J1W>1 L = 

=MlI .1l.0 _ .Jle].~M~lill.QLIJ ••_T.e1d _J l e •. _'l eM __c.liJlbliee.__Q8:.lb _l1alianQB ( B 

BblpaJ:eHl1e llJIR L war !l BXO,llI1T B Bl1ll e MHOlltIl TeJTll. a B noresuaan e (m OH 

CTOI1T B 3HaMeH aT eJTe II B KBallpaTe ) . 

B llByMepH oM II1¢$lpeHUl1aJlLH O- pa3 I1o c TIIOM ypaBHeHl111 ( 4) C 

MaTplIuell B3al1Mo,llellc TBI1R 113 (U) 11 I'IJ3 11 1l 'lH blMI1 YCJTOBI1>lMli en 
pa3 1e JlRklTCR nep~M(;\HHbl El x II (1 ( ~a( X ) - 'lJ1I( X) t J :a m 

- dC/ dXC'IIn(X) + Vo'llnex) :: t:n'lln( X) ; \~n C (J) - O. 'IInCR) • O. (9 ) 
c"

- ( :t a+ 1. m - 2 :t(l m+ :ta - l , m) - II m{ urn ; :tom 0 , :tM+1. m- O. ClO) 

YpaBHeHl1e ( 9) liMQQT Odbl'/Il blll OnOI(Tp dOCKOIIQ\l lloll IIp JlMo y r OJT bHOll 
" .? A! 

)I ...u : ~ = Va + n" 7r/k ,a pa:Jll ocT1I3 11 aa aa ua (1 0) aa C06CTBl-lHHbI 

:JHrl'leHIIR B llPliMOyrCJJlllHOll $1"'0 no nopeMlIHlIoll (X IIMU8T M YPOBIIOR 3 Ho prllll : 

Am - I 1 - COS( II m/M) )/ !lG, 
x or opue JTIIWb npa m « M d JlI1:JKli 1\ y pOll ll l1M c o oTnoToTay lJlllQR :lallQ' 11l 0 

lI e npGpblBHOR a 

Am m~M m"II " ,1L"' , ) 'JlI.I L • Mil' , 
1I0 JlIII~1l enexrp CI10TtlM bI np e1l0Tll II JTI11)T coc o a o y no p nO:l ll l tHl l y po uHoR 1I0prl111 

llullatllHn no n tlpo ...o lI HWN x II 

<1 1JE • Cn I Am 

MOil1111 WI1PI1HbI ... R H L . wo lno Ol l1MOT b 11 p aOTnrllD RTh " 1I00TII IIUbl" 

yp Hull 4. M ~ ; 1II!ln pMW'p. y n t llll ' 1l1DRn 1, , ...b1 nOnY411W lilA KU J1bIN 

nm 

:,
 



y po snev Ko n e o 3 mli! no x "ncno c y " B030YJl(neHIl i1 K011eoa Hllii no ex. HanOMHIlM. 

KCT3TIl, cneuaonxy KOll P' IHo - pa 3H OCTHoro cnexr pa npaxoyr-onsnon 51Mb!. B 
OT11 Il'·H1 e OT n ll qxpepellU ll3111o Il OII a a na -:a , C pOCTOM 3He pnill B0 30YlKJle HIlil 

P3CCTOil HI1e Me :t1lY y p OBHilMIl YBe l1l1lJll Bae TCiI 11IlUib 110 m = M/2 , a Bblwe 

ypOBHI1 Ha ' IllH3KlT c r YlU3T 1oC il ( cnexr p CIlMMeTpll'leH OT HOCIl Te 11b HO csoea 

noreauaansaoa MaTpllue oouero sana c o Bc e MII M OTJJIl \lH blMII 0 1' Hy nil 

llllarOH3Jl ilMIl , COOTBe TcT By e T CJlO~l a il CIlC Te Ma sona, 
pacnpocrpaasreraxca no " KaHaIlOBOMY 11 3 Mep eflIlKl" . llnil MaT p ll U , ::J a BlI CillUIlX 

OT X . ne pe MeHHble ex II x He pa311enilKlTCiI II npOll c x OllllT CMe WIl Ba Hlle 

KoneOa HIl H n o ex II X . 
cepe n ll Hbl ) 

B R- M3TPIl'IH0 i1 Te opll ll pacce saaa YK33aHHblM YPOBHilM COOTBe TCTBYKlT 

pe 3 0 H3 HCbl ( T011bKO T 3M OObltI HO IIcn011 b3YKlT HeCK 0 11bK O IIH ble r p 3HIl'lHble 

YC11 0 Bll ii H3 COOCTBe HHblP rpYll KUll lI . - CM. KHll r y JlellHa II Toxaca ( 2 ]) . l1.nelJ 

o B0 3 MOJP;HOCTII B03Hll KHOBe HIl il i 3 J peaonancos . OT BetIa lJlUIl X 

ex" Ko 11e o aHll ilM, aneps ue BblCK3 3 3n A. 5331o . OH JKe c n e 113 11 nonurxy 
n OCT pOIlTb T OtIHO p CW3CMylJ MOllenb C T3 KIl MIl KOne03HI1HMIl . 

On Ha KO npen11 0JP;eH H3 i1 11M M3Tpllu a E3a l1MOlleiiCTB lliI He n on YCK311a pa311e11e Hll ii 

n epe MeHHblX x 11 0 , 11 B r a MM11 1oTOHll a He He Bbln e 11 il11CiI oneparop KIlHeTIl'-1eCKoi1 

311eprll l1 ex - llBIl JP;e Hll il ( CM. ( 3 ] ) 3 1'0 MeWaJJO i1CHOCT ll <jl1l3 l1'leC KOii K3 PT II Hbl. 

fl Hn paoor . nocaauexuux o- pe3 0Ha HC<l. M, OblJJ Bblll OJJHeH CIl MOHOBblM II np [ 4 J 

Ccc - coupl ed c h an n e l ' peaoaaacu ) . B 3TIlX paoor ax Ta KJKe He p a3 11e11illl IlC b 

ne peMeHll ble . B OllHO'l 11 3 paCCMOT peHHblX B [ 41 MOne llell IHl a rOHa 11 1oHble 

MaT p ll lnlbl e 3 1H2Me HT bl M3 T pllllbl B3<J ll Mone llcTB ll il nonar anaci. paB HblMI1 uyno. a 

OCTaB 11.Qllll C1o I lIl lUb CB:-l3 11 Il a Ha nOI! l OHII BblCl ll p am l c 10 nOCTOHll HblMIl J . HO :JT O 

He y CT p aHll110 K011e cla lll1 li 11 0 X : Il lJlI Hhl no x TaK xe XopOWO OT p a JP;a IJTC>l OT 

cr ynenex B ll e llll3 r 0 1l3 11 b ll biX Ma Tpll'lII blX 3Jl e Me HTax , Ka K II B 111l3 r OH3 11 b HbIX . 

T3K 41'0 C nen3rOrll tI e CKOll TO'I KII 3pGHIl 1l npPllnOtITIlTe JJ bHe e BBOll ll,." n Oll l1TIIC 

" KaH a JlOBblX" p e30H3 HCUB . pa 3 11eJl ll il nepe Me HHble 

K3 Ha110Bo r o npOCTpaHCT B. 

51c Ho. -rr o ua c JlYli a ii xauanonou n e pe Me HHo A 

TOYHO p e wae Mble MOlle JJIl. 1I0 MII MO n p >lMo y r onbH oll 

paccaorpers T 31<l1:.e CII Y' 13 11 Mllm 'IIX uaaanosax 

KOH<jlll r y p a Ull o ll Ho ro II 

OCSOcllUalJT Cll II llPYl 'lI t ' 

!1Mb! ( CM, [ 1 J) , MO)l(HO 

nepexenuux . KOHT Il HYYM3 

K3HaJl OB , HOnOI(a n bHOli C ll >l ~ 1I 11 0 Cl ( lI u n p ll Me p , cenapacensaux n o Cl xar pau 

83 3HMo lla Ac TB Hlt) , U lla ll lJlI Qli wOM Mbl npcnnonar-aeu paccx or per u H p e 3K IUI II C 

no p lJp aCn p ello mmHoM '1a C'l' Hll , 

IJblWli d lm o n OKU:l :lIIO , II Il K 11 :.1 uo r ouuaan s n oa M3 TPIIIl,t.I YI{3 Jjbl110Jlll eTC>l 

onspar o p BTOpoA P<:1 3 110 0 T1I01l n pOII :lIIOll IIOA ( 0 Tpllllll a r Oll 3II hHOll M3T p ll u oll J . 

Pa:l HOCTHblM n p OH~ 1.I0 11ll blM dOlI e ", lI b/COKOr O n o p sax a ( 4 -ro . l; -ro II '1', n . J 

OTB Gl'la DT M3T PllUbI C rl fJm ,II11 IM '1ll0nOM Jlll aro Hu Jle ll C5 . 'I II T , a . ) , !:;OJlI1 

o nepa r o p y ( IUI IIOTI1' I61CKOli :JIIQp r HIl ) uro po r o n o p x n x a OTUO'IaIlT n a a 

JIIoIHOll II O-llli::la nI1CIlMblX pOWliIlI lIll, Il Il 11PIIMf,JP, no n n a . clQr y UUlo n 

n p oTHDo n p no lHblx HIlIlP/l IIJlQIIH lI X, TO o neparo p y ' IOTUliIp To r o nopsnun - yEo 

I IQTblPO ""3MIHC HM I~X uo n u u ( lIa ll p H M(l I~ , QXp <'!.l k1n) ; Q)( pli l k:2n ) llJUl 

" c no o onno r o llllll J:QHlI ll ". npll 'I OM ODll ::J b nonuo nsx ' I Ho o n rt ,IE 0 ~I H Cl prHo A ~; 

IlHaR, 'Il:'M fI o n y ' lol) o o a uuo r c y p n Dll o llll 11 UJ Plilllll II r e p e • OM. ttl l . 

AHIlJI OrH'1lI 0 .nn ll ( , - t'O n op AllKa - IU' OTb 110 1111 II 1' , Jl . Tnlt ' fro 

1 
Eue on HIl M Ha r 11illlHblM MOlleJlbHblM npaxepoa yvacr ux 

~pMll p OBa H IlIl c ne KT p a C IlCTeM~ Mo~eT CJlY~HTb pa3HOC TH~ii 

aHaJlOr MHorOKaHan bH ~X ypaBHe HIl H ( 2 ) : 

- [~aC n + 1 ) - 2~a ( n) + ~exC n -1 ) ] /~2 + LOVex~( n J~~( n ) =( E 

EC1111 nOCTaB IIT1o onaoponnue r p aHII lJHble YC110B llii ~a ( ()) 

CB5I311 Ka Ha n OB B 

n o x : X = n ' 6 ) n 

- Ca ) ~a(n ) C2 ' ) 

= 0 ; ~a ( N+1) = O. 

TO n o n y 'IIlM Mx N OllHOPOllHblX anrecpaasecxax ypa BHe ll llil Ila MxN Hell3 BeCTHbiX 

~C(C n ) ; ex = 1, 2 . M; n = 1, 2, ... N . IlMe lJlUllX pewe lill il npa Nx M 

coocraea uax 3 Ha 'leHll il X 3 Heprllll C TO e CTb c nexr p CDOPMHPYCTCfl 11 3 N 

K0 11eOa Tell b HbiX cocr osxna no lh II M no ex . Yllocl c T BO 3 1'01-1 

MQne ll~ _QQ_ e Qe M~ __ ~~Q~ Qe I tl ~M~ __OeQeMeHH~M H . n p.~HHMa~~ HMH __~QHe ~HQe 

lJIlC 110 ~ ~ ~~:~~ ll } COCTOIl T B B03MO"HOCTII nepec -nrr a'n- 1'0'1 1\11 cnexr pa 

(CB5l3aHHble COCTOJ1 Hll ii II pe 30HaH Cbl) II YBII Jle Tb, KaK I1X Da lUe e ' IlIC llO 3aBIICI1T 

OT I./IIC lla KaH a110B . 

lIBII JP;e Hlie 11 3 xauana Fl Ka H<l1! 8 cneuaam.uov c nyuae onuaax oaux 

K3H3JlOB nenocpeac'rseuno CB J13 a Il O C XOpOUIO 113 Be CTHblM ll B11e HIW M (~ II >lT ll ll 

Bblp 0 JP;JleHIl!l aa ClJe T BKnDIJeHIlR CB1I3 1l M~:t1l y xauanaMil , llell c TBIlTe n bHO . 

nycr s IlMe e TCiI M He CB1I3 a HHbl X y p a BHcHllii Illp OllllH r e p a C o n ll H3 KOBblMIl 

n OTeH UIl3Jl1oHblMIl i1M3 MIl II . cneaoaarem.ao. c Ollll lW KOBblMII ypOBH!lMII , ECJlIl 

pacc uar puaa r t, 31' 11 ypa BHOHIl>l K3K OJ1 Il Hy D CIl CTOMY , TO YPOIlHIl e e 

cnexr pa 0 YllYT M- Kp 3 THO BblP0 JUl,Oll bl, !lKJ I ~ " 1I 1 ,, )I(/ CB>!3 " It 3H 3110B ( BBo n >! 

HenllarOH3 11bHbie :M OMOHTbI II nor onuaansxyo M:npll l l Y ) , MN pac ute n HM ypOIIHH. 

' ITO MOXHO IlH Te p n p e Tllp o naT b K3 K n o 1IBn 4l.' 11 11(/ nonocu Ko n ocl3Tonh Hhl X 

03clYJP;Jle HIl A no xananoaoa 

::lan 3 ' la 

C TOI./KII 3 POHHlI 

p a c c u o r pe r s II llBll:lellllO 

nopOMOIIHOIl a , 

onox a ( n o noc a r u a c ncx r p 

n p onnc ae uuo r c uonx o n n , OI(:I J bl1l3 0 TCil , MOIlH O 

'laCTlllU4 1\ n , p l lOll l1' IGCI(OM IJII QUlHOM n or oxu aan o . 

Uu ena M 3KBIlBa JleH THYil :.ta nn' l y 0 llUIl J:OIIIlII U n UyMo p ll o ll Co . x l - n OJlOC9, 

llnn aro r o 3anl1W e M c na uana ypa u HuH ll liI an >! l1UII JUJII l1l1 4 tl OT II Ubl H3 OllllOM 11 

n fl p " 0 J1H' 16 CKIl X IlHTOPB;'l110 Ll (Oc:lOJlIll ' IHN e r o nOMu poM II • O. 11, 12 " , ) : 

- d'- /dxc ~ 
(J
(x) I Ve x H 'c,Cx ) • E 'l'CI( X ) ; 0 s x S R; (1 

''' tI CX) • t Xp e l y ) 't (l't l Cx ); (1 3) 

j 
, , 

'''o CO) • QXp ( l y ) 't ",C1U ; '1',.,( 0 ) • o x pt l r ) '''_t~ l. C1 4 l 

((pHd nIlll1ol II nLl\ITQIol " .nopL 11 n Ollo R ' 1110 T H y pu lI ' '' ll n IllpGJlHllr Qpa (1 
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pa3H OCTH~ Onepa TOp K~HeT~4 eCKOR 3Hepr~~ T~na ( 3 ) 

- d2/dx2~oeX ) +TCh~OeX ) + [ ~o+le x ) ' - 2~oe x) +~0_l eX ) ] /~2 + 

+v ex )~o ex) = E~oeX ~ 

KOTopoe nepen~ WeM, 3aMeHRR ~a +l Ha ~o C nOMO~bD ~pMyn~ eI 3 ) : 

- d2/dx2~oex ) + Tch~oe x) + ~ex )~aex ) = E~oex ~ ( 15) 

r ne HOB~ 3~KTH BH~n nOTeHllHan ~ ~MeeT B~n : 

~ex ) = v ex) + [ ex pe - i r) - 2 +expe i r) ] /~~ ( 16 ) 

YpaB HeH ~e ( 15) nonycK aeT pa3neneH~e nepeMeHH ~x x ~ 0.8 pe3ynbTaTe 

nony 4aeM nse oaaovepxux 3ana4~ : onay - lilTypMa-J!J.lYBllnnR aa KOHe4HOM 

oTpe3Ke nn~HOn R C on HO pO nH ~Mll rpaH~4H~MH ycnoB~RM~ e I4 ), a npyryD nnR 
cBodo nHoro nB~~eH~R no n~ c KpeTHoR nepeMeHHoR a, on~C~BaeMoro 

pa3HocTH~M ypaBHeH~eM BToporo nopRnKa : e ~an~e x ) = ~ne x ) ~~ ) ; 

d2/ dx2'1' - nex ) + ~ex )~n e x ) = ~n~n ex )	 (1 7) 
, , 

'l'neO) = expe l r ) ~ne R) , ~ne O) = expe ir)~n ( R) 

2 
-	 ( ~a+l, A - 2~aA + ~0 ·1.A ) /~2 = A ~oA ' A = (1 -cosr) / /1 . el 8) 

CneKTp 3ana4~ ( 17 ) C rpaH~ 4H~MH ycnoB~RM~, OTBe4aD~~M~ ( 1 4 ) , noxo~ Ha 

n~ CK peTH~R cns xr p deCKOHe4HoR npin.coyronbHoR RMbI, a e18 ) npencraanaer 
coooa paasocraua asanc r ypaaHeHllil WpO,lUlHrepa nnil csoooaaor c .IlB~1I0H~lt . 

TaKoMY ypasxexan coorsercr ayer Hon popblBHblll crtexrp . HO nllWl.> Ita 
or paHll 4eHHoM llHTe-paana epa3 pewaHHall 3Hep r eTll4ecKail nonoc a), 

XOTR npe.lln W;,;eH Hblll cn ocoo 113nO;,;eHlllt aaaaxa bnoxa 3KBHBaneHTeH lIO 

~H3~4eoK oll CYT~ Odbl4HOMy eo on llcaHll D, HO n e.ll arOrll ~ eCKll 

npe.lln04T~TenbHe e pa~.Il en ~ T I.> .Ilnil Bll .llB .IlBlllleH~iI Bnonb o.llHoA OCll x : 

KonedaHHiI BHyTpll onaoro IWPIlO.llB II "nBll . oHlle no nepaonax ''. \JTod ll 0 1111 II 

nyTanHc b. II ccnocr aaa'n, IWllllOMY oonoo npocrse ypaBHeHllil . 

llor onuaan, MOIIlllJUlHAoll nOpll O.llll400KIl co BpUt.(OJlflM . 

OdpaTHMclI T9n Qpb K HooTaUlloHnpHoA 3n.ll840 : 

ld /dL !l' eX ,LJ .. [ - d2/ dx 2+ V(x,LJ ]!l'ex, u. ceo: 
r.ll e V MOIIII.TOll 00 IJPIiIMOIIOM nOpHO.llll tl . OKIl C neplwn(JM '1' : 

Vl x,LJ • Vex, LtTl. czo:) 
PaOOMOTpllM YCTaIl OllllllWlllloJl pOaHM, Kor n OnHOBaJl 4lYHIUlll il pa:JIIIlIJ 

nOpHO,ll14, HO OAHOll II ToA . 0 TO\JK OTnll4aOTCJI nllWb II clJ0I30DIlll 

MHOaHTOnll : 

~tK, L J • . xp( i l r ) t{ x, L1Tl.	 ( 2 1J 

UDon oN 1I08YlJ 1I0POlAQHHYJ.l a , HY". PYIlDlYD lI ~p It OJ1" , Il pnocNoTpllM 

J\1I11 11l01ll1lJ IIru III II '/' I "J XMtlll lll lM 1I110 0 TI11III0 1'II (x. t. , a J - 3UO' IY, 

(, 

3KB~B a neHTHYP MCxonHO~ C20), ( 20 ') . I lycn, no x m~ J1)r. 8H I1 8 Or paHl1'18Hn 

ceCKOHe4HblMl1 nOTe HU l1a nb H bl M~ CTeHKaMI1 B TQ'IK" X x r- 0 ; R. a no t 3all3 JUlM 

OnHOpOIl HOe rpaHI1YHOe ycnoB~e , c ooTBeTcTBy pmc0 (2 1 ): 

'1'aex, U '= e x p C.t Jl )'I'(.t~l (x . LJ. c. :, :) 
KaK 11 F npellbl1lyUleM napar pace, MOlKll C ':JTJ'f2J:lJTL cs cocnuos ll Bl1il((,HIH' 

no nepeMeHHoi1 .::\ ( CMC 1'T) : 

\j!aCx, U = \ji( :: , L I "	 ',: .') 

11 or nensao pellll1 Th sanauy na cc ">~ TB elll lU f> 3H3'!0 HI1il p. 

npRMoy r onbHI1Ke 0 5 x S R; 0 S l S T 

d2 2
[ - i d vdt - / dx + V( x,U ; 2( ccJS} -1 ) ",C j tjJ n( X ' U z: {' r ~ \jin( X 't.J 

3UKJIl O'l OI1l1" 

OIl I1 H IW aur opos ( D. 0 ,) sapa xao 'r Oll 31'Olla PHOCTb 1-1 . I'OTTP).J 3<1 

IlI1CKyCCll l1 . CTy. Myn l1poBaBWl1e n OJl BJle H~ ( ' 1111" 11 nall ll l111 paoor u , 0 npupone 

pe30HaHCOB b MH or OKaHanbHblX C~CTeM <l X , ; j Ta ll :l\P. B. 1-1 . ~~a l'peCaebY , 

oopar usueuy aaue BHMMaHlte sa B03MO~ H OC Tb npltMeHeHll$1 npencrasnenas 0 

n Bll~eH~ll no net eMeHHOll KaHanOB a 1\ npndJll?Me TPl?HMiI npa CTonKHOBeHl1 1t 
TR~en wx 1l0HOB [ J I . 
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