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.. ,~ lle:M: .n!Ufi.me H lKHBY, TeM Jic~ee 
MHe, 'ITO npeKpaCHO TOJThKO TO, 'ITO 
ne;py~o noRHTI•". A.<I>panc.-' -

"Ileqa~no; Kor.na Teop~ coBrra

.naeT C :3KCIIepHMeHTOM1 STO yme He:_ -

oTKpHTHe, a saKpRTHe."- II.KarrH~a • 

1 · -BBE,l(EHHE 
Mano 'KTO ceil:qac mi 3HaeT 0 '3HaMeHHTLIX COJIHTOHax, KOTOpLIM 'cooTBeTCTBYIOT. 

6esoTp~aTeJib-i.Lie noTeH~~aJILI ( cM.npHMepLIH!l pHc:l :-3· · 

0.. ·~ .._ 

• p~~-1 IlpHMepLI 6rooTp3;maTWHLIX IIOTeHUHaJIOB (a)_:. c'.n;ll~; (6)- C TpeMJI CBJI

sa:mn.Ilm cocToJIHHIIMH: O.n;noyponneBaJI JIMa no.no6:iia nepXHHMJIMaM c .l(By_y.ft: H Tpewl 
ypoBHJIMH, TOmKO MeHee rny6oKaJI~ ' ' - ' ' 

>~ .. ~ ... ·~-· '·: ... ,. -~ -, 
ti ~J.v- (!..l,. •. ~i~t(".t:r:Liu ,fiawla~ J. •. 

~ n~~~~~A acc~r.ac~aual 
. ~ . 6HS1lr!OTEHA . -·--- - ..--..--

/ 



9ro yH<e ilomno B 6anK ~ennmc aireilenToB KBaHTOBo11: nnTyim:nn •( xoTJI n 3.l(ecr,·· 

eme .nan~Ko ne-.nocTnrnyi~ :Hc'lepiiillBammaH HHTynTit:BnaH· JICHOCTL); · IIOMoram
n(nx rny6me llOHHMaTL Bea,necym;n11: MHKpOMHp. . . . . ., 

'.· 
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.Pnc.2. IloiipaBKH R (a) -::: rrpK~. 

Moyrom.Hofi, {6) mrne11:Hofi lL. 
: (B)·~ o6pe3ilHHOfi IIOTeHIIBalli.no:ll: 

, ..•• ~aM, 'IT061ll C.l{ClliiTh HX llp03p~'l-. . . ~ 

HLIMH. 

Ho .· o.nnoKanaJILnM:e cncTeMLI - Jinirrr,' rrpe.nenr,no: rrpocioit cny'lait KBanro

Billx o6~eKTOB. K ~onnMan~~o peanr,noro Mnpa MnoroKana~r,:Eu.lx rrpo~eccoB n 

CTpyKTY.(> rrpe,n~TOH,T·~~e :np~.l(BHr~lTLCJI H cnenaTL:Ua '~TOM nyiiJ:6ectrHCJICHHille 
OTKplllTHJI. . . ·. ·. 

. K 'ly.iJ:ecaM KB~HTOBLlX·CHCTCIII 11iomuo TCIICph J}KC ,no6aJJHTL MHoroKaUaJILHhle. 
MaTpH~Ill B3a~MO.l(CitCTBHJI,. a6COJIIOTIIO rrpo3pa'lllhlC ,ll)IJI. rra.ziaiOm;HX· BOJIH .. B. JII0-

61llX Rana.li:ax'. A :no.zixo.n: o6paTnoit 3,a.n:a•£n rio3BOJIJICT rio]ly'lnTL TaKne MaTplHJ:Ill _ 

H COOTBCTCTBJIOm;ne· pemCHHJI .B 3aMHUJTOM BH,l(e.. TaR. q~~ 3.l(CCL Mill i:JoKruKeM; -

RaKyro OHH HMC~T tPOpMy, RaR.aiiaJIHTHlJCCRH,.TaH.H rpatPH'ICC!<ll (''RapTHHKH" 

6eaoi'pamaTemHillXMaTpnqHillX no'ren~nanoB). KioMy,H{e; HaM y.naJIOCL narJIJI-. 

,z;HO {"na nam.~ax"). Ofi'DJICHHTL 3aMeqaT'CJIL~J'.I,C. CBOitCTBa 3THX.'MaTpn~, dJI3aH- • 

. Hille c oco6en:HocTJIMH nx, ;Ka;anocr, 6Iir, 3anyTannoit cTpJRTyplll. K .no~a.l(Ke nac 

no.nToJIKnyna ~eKoropan ananornJI .nann oro JIBJieHnJI .c. peaonanclilllM Tynn~impo
BanneM, Ro:rop~My pan.eeoilnnM H3-aBTopoB - B.3.) .?lllnb"JJ:anon~p~.nn~nonnbe · 
HCTOJIKoBanne [1], ·a TaKme n,neJI orn6anHJI 6apnepa B ypaBHeHHJIX Bhlcmero no-
PJI.l(Ka [2]. · , ' · . - · 

llMeeTCJI "'Beqnoe" -npoinBopeqne · Mem.ny' "qncToit" .n upnKna.nnoit nayKoit •. 

JKenann~ onncaTn peam.no '"'cymecniymmlie c~omnllle cncTeMill MemamT 6ec'lnc · 

CJICHHille .l(CT~lJIH ROHKpeTnoro o6ieKTa, cpe.nH KOTOphlX Tr},y.nno Bhl.l(CnHTb OIIpe

.l(CJieHHhlit. a<P<PeKT. · A n.neanLna.ii· Mo.neJIL, xoTJI·H ·II Kpncl'annno· 11cno ·.neMon- .. 

"" -· 
•.2 

I 

I, 

t 

'/ 

CTpnpyiOm;aJI HOBOe JIBJICIIlle: MOlKCT 61llTb n neocymecTBHM011: B peaJILHOCTH. B 
cnyqae .nannoa pa6oTi.I 'Mhl RaK pa3 o6cy>K;iaeM TaKyro n.neaJILHYIO Mo~eJIL. Ho 
ITO~B HaBeR 'cyTL tPH3HKH MIIOrOKaTiaJILH~H npo3pa.JaocTH, ner'le 6y.neT HCKaTL 
ee qepThl B ·caMLIX 3a:nyTaHIILIX pcaJihlii>IX CHTJaUHJIX. . .. 

' 
\ 

' ... - \ '.· 

X 
Pnc.3., ){att~CTDO aniipOKCHMa~. mrnmeA 

'13CTI1. 6cCKOilC'UlO:ll: OCllnJI~TopnoA · ffi.w C 
.· ~OM~lllLIO np~3~a•IIILIX md: KOHe~IOR rny6HHH 

cHnLiw. aani-JcHT oT TOro,. KaK. 6JIH3Ko . pac-. 

nonomen K nymo 3Heprnn nepXHH:ll: yponem 

npo3paqnofi ~- .Ror.na yponem· B6JIH3H~ · · . 
.~ - . . . / 

HYJIJI, Tpe6yroTci- 6o'nnnrne . ocunn~ no-
. Tenmnina; qTo6:bl o6ecne'IHTL npo3pa'!HocTL, -~ ' 

. -: ncllb TaKott yponem "cTapaeTCJI. gax:Ba-, . 
THTb 11 i:JponeTaiO~YIO BOJIHY C MaJIOH 

•· .. :meprHeii:·;~- . • · . 
.YH<e B i:Ipo~ecce no.nroTOBRn pyKcirmcn .nannoit cTaTLH R neqaTHBillJICHnnocr,, 

:Kax .Momno npn6nii3inncJI K rronHManHIO (na HHTYHT~BHOM ypoBne) n,.o.nnoKa

. nannn'aro. pacceJinn:H •. · 0Ka3anocb, 'ITO. Mo.limo · aTo: nponnnmcTpnpoBaTL pncyn
KaMn, . HCITOJib30BaBiinrMHCJI. pallbillC .l(JIJI, npyroit ~eJill, ( BOCCTaHOBJieHHH. 6ecKO-

- . -- . ' ,.....-·· ; '>'' 

HeqHHX llOTeH~HaJibH:blX JIM. ITO IIH}KIICH 'IaCTH. JJ:HCRpeTHOrO CIIeKTpa C IIOMOm;hiO 

npo3patiJ,IhlX JIM KOH~'IHOii rny6HIILI CM. _QUC;2,3' [3i 4]). .. 
· YpaBHenn.ii o6paTnott aa.iwm - "BidBe.pnyToe uaH3HaHKy" ypaBHeHHe' Illpe

. .nnnrepa. · Ono no3BOJIJICT ynpannnTh·.crrcKTpanLIIIdMH napaMcTpaMn: aa,naBaH 
\ ~ . ~ 

.3 



ciieKTpa.m.nyiO l}>ynKn;HIO · p( E) ( KOHTHHYYM. CTem!n~it cBo6o.zu:.I);. Mhl Mo.lKeM ·no

. n:y'laT.& rrOTenn:HaJILI .V( x) c .lKeJiaeMhlMH CBH3aHHLIMH cocTOHHHJIMH H xapaKTe-
• ~"" ' <( •• ' 

pHCTHKaMH nerrpepLIBHOrO CIICKTpa. 

2 O,l(HOR.AHAJibHbiE TIPMME_Pbl 

. ,_· 

"O.llna Ha- oco6Mx · npHBHJie

. rif~)IpeHpacnoro. s ioM, qTo eMy .ne· 

nymno 6-IdTL nom!anLIM." feTe ( HCTHI!a. 
·Iie 6yHBa.m.IJan). . · . 

HarroMHHM.c~aqana o)lHoKoMnonenTnMll ( cxaJIHpn~it)cJiyqafi; nm;oTOpi.re I:IPO
apa'IHLie IIOTenn:nam:.r .llM KO~Oporo nao6paJKeH:Li na pnc.i -3~ .. 

B cnyq~e ·HMLI ~o.n;HHM ypooHeM HMeeTcJI. ceM~·iicioo npospaq

HLIX 'noTe~l.{Hanoo c .liuyMJI coo6o.nH:i-rMH napaMeTpaMH: 8~o IIOJIO.lKC~ 
nne· ypoBJ!H E .H · nopMnpolixa .. M - MHOlKHTeJIL npH aa;ryxaiOJIIeit • 3:Rcrroneni'e B 

acHMITTOTHKe BOJirroso:ii <Jiynxn;HH cilJiaannoro ·coci'oJinHJI. cnpasa OT JIMI.r; ¢Iixcn

pyromHii ironolKenne rro~enn:nan.&noit · RM:I.r 'na ocR x ;: e' slideability": _.POTe~n:HaJI 
"CKOJIL3HT" ·no x npH HaMenenHn· M, nocKOJILKY. B acnMnTOTHqecKoM. noBe)leHHH 

tPYHKIIHH cBJiaannoro cocTOJIHHH :,P(x):!'~oo M exp( -~~:i) ~.zuiHr no x na -~x 'ix- · 

BHBaJieHTen_ nepeiiopMHpOBK~ 'M ::; M C?CPC-~~:~x)). Knacc 6eaoTpaJKaTeJI.&HLIX-

rnoTeHn;HaJIOB c .lUIYMJI ypoBHJIMH xapaKTepHayeTCJI YlKC l.JCThlpbMJI CBOQO)lHhlMH 

napaMeTpaMH (Ei ,_ E2' Ml' M~).. 3)leci> HOpMHpOBKH onpe.llCJIHIOT ne TO.ri.&KO o6-

IIIee'noJIO.lKCHHe noTeHn;HaJia mi. OCH X, no H 'oTHOCHTe.m.noe paCCTOJinHe Me.H{)zy 

.lUIYMJI ero » COCT~BJIHIOJIIHMH". Tpexyposnes~a. cny<rait, CCTCCTBenno, <i>HKCHpy~ 
. CTCJIIIIecT.&IO. napaMeTpa~H. rJpaB)la, rroTeiin;Ham.i na pHc.l. cnr.'t:MeTpHirnhl omo~ 
CHTeJILno x:::O n rrono!'tY :Hx cpopMa aa.n;aeic

1
n mtrnL nono~enHiiMH yposneit (6~3 

aa)laHHJI ¢axTOpoB. M · [1]). IlpH_c6mnKCIIHH ypouneti OT.llCJILHI.Ie coJIHTOHHide 

JIMLI cTanoBJITCJI see 6onee · rroxmKHMH . .llpyr ·na .llpyra ti pacxO.llJITCJI B _J:Toponld, 

o6ecne'IHB~ B npe)le.rie ~syx- (T~ex- H 6onee) KpaTnoe_J!I.Ipo~eHHe.· · . 

IIoy~HTCJThHO eme n03Hai{QMHT:LCJI c KapTHIJKaMH, n. o;a3:hlsaiOJIIHMH, . KaKHe . . . 

HaMeHeHID:I HY>KHOBBecTH HanpHMep B npJIMoyronLIJyro, ni1HeiiHyro, 

H o6peaaHHYW 10Cl.{MnnJITOPHYIO llOTeHl.{m~nLHhle RMhl KOHe<JHOH rny-
OHHLI, <IT06bi.c,n;'enaTL :u:x npoapa<IHLIMH. _. , · . . 

· Ma pHc.2,3 CJIC.llYCT, 'ITO qeM pea'Ie M~HJICTcH: ncxg.nnHtt rroTenn:naJI HJIH <.I eM 

6n:u:>Ke ypoBeHL. JIMLI .K · HyneBOH 3HeprHH, 'TeM oonLmHe nonpaBKH . 

He~6xo.n;HMhl, <ITo6ht npH~aTL eMy npo3pa<IHOCTL. MolKHO eJIIe cxaaai.&,-: 

'ITO .no6aBO'IHLie ocn;HJIJIHnna i<ax6u"aaJie'lHBaiOT" 'Boal.tyri:(eiiHH nenpepldBHoro 
Cnci<TJ;>a. . . . . . . . . . . 

. - .'-.· 

4: .... 

-~ .... · 

'· 

·-· ·-.• 

\ 

·rrpHBe.lleM eJIIe npHMep. aHaJiorH'Inoro · nocTpoeHHJI noTeHn;HaJia, coxpaHJI

~IIIe~o ciipiuKa~e~~Lie ~sottcTBa ncxo)lHoro no~eHIUtaJI.&~oro 6ap:r,ep~ (pncA) • 

Bap.&HpyJI nopMHpOBKY M CBJI3annoro COCTOJIHHJI MO.lKHO 6LIJIO; KOHeqHo, napy~ 
· mHTb .c~MMCTpHIO noTenn;HaJia,. CMCJIIaH C03)laBaeMoe .yrJiy6JieHHe OTHOCHTeJibHO-

'Hcxo.ziHoro 6ap.&epa. . · · · · . · 

PHc.4. [1 o1 ... 
Hcxo)lHLiit oTTan:iUmaiO~ 
nurJt ' miTeHUHaJI; · . o6o-

3Ha1JeHHLIH. ~)'HKTHp~M, 
MO}J{HO .llel}lopMHpOBaTL 

TaK,_ 'ITO. nOJIBHTCH CBJI-

3aHHoe COCTOmme,· HO· 

:iw3<lJ<lJHITHimT_ . OTpame-

3 
,'/' 

'HIDI ~(E) OCTaHeTea He-. 

~ ' lf3MeHHLIM. 
'· 

/· 

CMCT·EMA CMJibHO C·BH3AHHbiX 
_;·· YPABHE:Hw:A. · niPEAHHrEPA 

.... -· ~ . 

'. 
-~'M.lleaJI se.n.& TOlKe )lci!:CTBHTClr:LHOCT.&, 

'I' Ta:KaH .lKC aaKoiman, KaKTCKJ~aH ~eitCTBH
TCJI:LHOCTb;,: <l> • .lJ:ocToes'i::IUI:ii. , 

· "Hpexpac~oe BJieqCT K c~6e' ··~ H ioT~ . 
.t :qac ·BCCJIHCT B· nac CTpCMJICHHC ,lle:iiCTBO~ 

B~T:L'i. IIJiyi-apx. · . . . 

· PaccMoTpHM MHoroxa:HanLHYIO cn:cTe~y. csJraanH:!>fx .o.lllloMepii~x ypasnemiit 
Illpe)lHHrepa [1, 5, &): · · · · 

'n ~.,< '~""· • • ''> ,- T 

-t/Ji'(x)+ l:1 V;;(i)tjJ;(x) =.E;t/l;(x). -·{1) 

: 3.1lec.& E; = · E 7 f; ..:. anepnn B xanaJiax, a t:; ~ anaqeHHJI .. nopor~B nenpeplil-. 

. an oro cneKTpa: B oT.zieJILHLIX KaHanax. CHC'reMa ( 1) ycTanaBJIHBaCT npH My 10 

CBJI3b MelK.llY MaTpHn;ei!: B3aHMO)lCitCTBHJI li;j (X) If KaiiaJIOBLIMH BOJIHOB.LIMH tpyn-

. Kn;HJlMH t/J;( d; ), onpe;neJiii:IOJIIHMH ·. na6JIIO)laCMhiC. CBOitCTBa COOTBm-CTBYIOJIIero MO:., 

.· )le.m.noro KBanTOnciro' o6'beKTa. B- o6JIIeM cJiyqae, rJIH,li;Jl Ha {1 ), npaKTHqec.KH. 

Tpy,nno npe.1lJra,D;aT:L aTH CBOii:CTBa. 

· Mmimo, o~axo, Hcno.m.aoBaTL no)lXo.z( · o 6 paTH o A KBaa.ToBo:ii ail,l:J;a'IH. H 

cnaqaJia 3a,n;asaTJ> >ReJiaeMide .llaHH.Lie pacceHHHJI HJIH · cneKTpain:.nlile rr.apaMeTplil · · 

5 



.-----

'[1, 2,· 7, 8]. Ta~, MoH<Iio rroTpclloBaT~,-~To6a rroTenn;nam,naH-MaTpnria Ben-_ 

cTeMe (1) 6ana 6e3oTpaJRaTeJILna, TO CCTb 'IT06:r.i eepaccenBaiDII(He CBojkTBa 

ne oTJIHqaJIHc:r. oi cncl:_eMDI 6e3 BianMo.il;eiicTBHH ,n:JIH_necBH3annax ypaBnennJ:I, 

OIIHCLIBaiDJiuiX CBo6o.n:noe ,n:BH>KCHHe BOJIH (rroJIHaH IIpOHHtiaeMOCT:b IIpH ~ID6LIX 
· 3Ha'IeHHHX _ aneprnn :HerrpepLIBnoro · crreKTpa), no rrpn- noM ,RMe.rrHc:r. . CBH3aHHLie -

cocl:oanRH. Hcnom,3ye:M: ,n:JIH al:or~ ypaBnennJI 66paT.no.lt 3a~aqn B no.n:Xo.n:e Map- -

. qenKo (eM., narrpnMep; [1, 6]). c nyneBoit :Hcxo.n:nci-n MaTp:Hn;e.lt B3aaMo,n:e.ltcTBHH 
0 ' . - > 

Vi;= 0. ' 
• .J 

~· '_., __ .-, ... :-.~-;.' .. !~_:._ __ ~II -':·ti;-,.- II 

_ -_K;;(x,x)+Q;j{x,x)+ _ K;,,(x,x)Q1i(x,,_x)dx -(2) .-
X 

, , __ · oo_ =· < ~-· 

· ~i;(x~x')= ·2~ J exp(ik;x)[;;ij~;)~ ~J.(k;)Jexp(iki)dk;- (3) 
_-oo 

_:N··, - ·,. . . . - .. 

+ E ex~(~~~:; x )M( Mje}{p( ~i.jy) • _ ---
v 

. 3aKJia.D:DIBaH- B Q >KeJiaeMi.re: cm!KtpaJI:bHhle rrapaMeTphl :CBH3aHHMX :COCTOHHH~ 
(::meprnn CBH3H :E~ =.:_f; -+~i2 ~ iiopMHJ>()BO'IHhle KorrcTarr~i.:r Mi), a TaR~~. 
.n:arrrrDie pacce.HnHH (Ro3cpcpHn;HeHThl (n paJReimJI), Mhl naxo.n:HM: H3 ypaBHeHRfi 

o6paTHo.lt 3a,n:a~R COOTBeTCTByioniee K, KOTOp-oe, B_ CBOID O'Iepe.n::r. oiipe.n:e.ri.Hei 
HCROMJ,ID MaTpHrzy B3aHJim,n:efiCTBHH: - . - -

'- ---,:c..',. d . ·-
V;j(x) _= -2 dx l\;i(x, x): '( 4). . 

. 0 - 0 

'M;p;; (x.)Mi Fii (y) K;j(x;y) = (5) . . 00 ·. 0' ____ . . ' 

1+' I:r,;J[At:,;. Fmm (y)J2dy ' 
X 

c TaimM K rronyqae~ comacno ( 4) Beill;ecTBennyro. 6e:Jinpama'remnyro _MaTpncy 

B3aRMo.n:ettc,ranH, __ ~~TopaH .nJIJI cnyq~_wo.n:norci cBii3arrrroro ·cocToJIHRH rroRa3ana 

'6 

r 
,I 

I 

} 
i _,. 
I 

i-
1 ' 

.l;i 

j: 

l . -.. 

r 
I -
J· 

1 
_j 

. I 

-~~ 

I 
I 
! 

-. 

'-
i --· 

rra pnc.5,·a·cooTBercTBYIDII(Rep~rnerrRH llocTa-np03pa~noA cncTeMLl npH ripon3-
- BOJibHLlX3HeprRHX (eM. pnc.6,7'): . / . . 

,,, 

•,I 

' 0 .-.. ' 100 . ' / 0 ' 

P;i(x) =F;i sx) + _J(im(x,y) p;.,.i (¥)dy . (6) 
X 

E 

0.5. 

·' ~.:-.;··v,z -. 

,_. 

Pnc.5. llpo3pa~aH :Mai:pHD;a B3aHMo.n:~A
__ cTBRH C OJ{HHM CBH3aHHLlM COCTOHHHeM npH 

E=:0.5; Mt = ·1, M2 = 0.001. · ITo~ 
pi>rR, llpH KOTpp.biX OTKp.biBaiOTCH KaHaJILl: 

fi = 0~ t:2 = 1. Oipa1KeHHe ~T 6apLepa. 

n l'i 1 (x), rr~xa3annoro. crrnolliHoit JIHHHeft, 

no.n:aBJJHeTCH Bi>Jrnaim oT "paciia.n:a" .co-
cTomriftt,."y.n:ep1KRBaeMLix" HMOH v22(x) + 
t:2", H306pa1Keirnoti lliTpRXOBOft mflmeit. 

rr PM MaJJhlX :meprMHX. BOJJH.bl,- KOTOpLlM 
. ~--'" } .. . · .. ~ ·_. . .. 

- ua.no 61d TJHH~JJMpoBaTb CKB03L 6apt;ep B 

Vu(x), o6xown ero nci BTOpoMy xaliany 

3a cqeT CBH3HRanano~ Yt;(x) = l/21(x) 

. (rryHRT~B), K(nopaH o6pall(ae'fcJi B HYJib B 

TO'IKe nepnimn.I 6apLepa. 

P~c.6 Kana~onhle cpyHKD;RM ( nm<aJani.J JJMIIIL :Hx acmecTilenHDie . · 

ROMIIone~Ti.i): (a,6) npw Jncpmw E-~0.2 Mc1K.ny noporaM_H. ·B 
'·oTKp.biTOM IIepBOM KaiJaJJC. C .llBJX CTOpOII DIIC 06JJaCTR B3aHMo: 

,J:~elic.TBH:.II . -·- HeB03MytqeHHa.II CH:HYCOH:,[\a c· e,J:~H:HH:qiJoli. aMnJIH:TYAOH ~ 

-1 

. / . . . _, . . ' ' - . . \ 
B 3aKphlTOM_xananeperneHRe JKcuom!uu:Mam.no 3aTyxaeT B o6e cTopoHLl. · 

. ~ . . ,. . --~ . -

"'· 
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0.1 
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•• L· -0.2 
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Q 
~-

f22 

/~ !ii'._ 
·_.:o.s 

.-0 X 

x: 

6 r. 

' '·." ·.,. ·~ ·-. ' . ' ,. ~ :... ' ·~' : ~- ·-

PHc.7 Rauanom:.Ie q>yuKiliDi (nona3aiiLI JIHIIIb_ nx nemecTneHillle noMnoHeHTLI): (a~ 

r) npH 3WiprHK E= 1.2 .Bntme o6ori 'noporo~. Bo nxo~}c· nau~nax, o6o3uaqClilii>IX 

. BTopLIM Hii.l:ieKcoM q>ymunm, pemeHIDI nue _o6~acTH B3ainm.neitcTnri nep~xo.zia:T n ue

B03M)'meHHI.Ie CHHYCOH.li:Ll. B ueyrrpyrill<: nananax' BOJlHI>I D036yJKJlaiOTCJI JIHllii>_ DHpTy~ 
am.uo !1 o6naCTH B3~o.n~itcTnH.R; 3aTyxa~ nue ee, ·u~cMoTpH_ua-oTilpLITOCTL o6onx· · 
KaHano:iJ. · · 

. Pemeu-n:JI Mo,cTa (»~KT()PIILienpH o.nuoM oTKp~ToM!<auane ll MaTplPI~Lie npli: 
·ll.BYX) DOKa3aHbl Ha pliC.6.7. llpaBLiil IIH,l{eKC <l>YHKIJ;'Rfi DOMeqae-r, B KaKOM Ka~ 
!fane HMeeTCJI na.naiOUlM BOJIHa, T.~. 'q,HKCRpJeT ipauHqliLI~ YCJIOBHJI. Jl~BLiit 
H!l,neKC j>emeiDIA 0603Ha'IaeT ;nauaJ:r; B KOTOpOM HMeeTCJI . .ir.aHHaJI BOJIHa. . -

1fMa cnpa:Ba B Yit,. Bbi,lleneirl:Ia-51 \ · ·aco6eHHO :R<HPHOti ' ITHHHeH 
Ha PHC. 5' HMeeT BH.D: O.D:HOYPOBHeBoi1 oe30TpaY.<aTenb~ 
Hoi! stMbi ~ iio cot3eprneuuo ueoxmAaHHbm.-t 6Hno nostB-
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neHHe 6apbepa B IIOTeHn;Hane lt}1, KOTOpLiit; Ka3anOCb 6H,--,ll;OJDKeH 6HJI 6e3Ha~ 
,ll;elRHO HapymHTL 6e30Tp~aTeJibiiOCTb B3aHMO.li:CitCTB~H: .lJ:eitCTBHTeRbHO, TaKoit -

6apbep BLl3LlBaeT OTpa»<eHHe, HO OHO KaK pa3 He06XO,ItHMO ,ll;Jl.fl rame-
HH~ ,npyrHX H~>KeJiaTeJibHLIX__:BOJIH; ~- ·. . . 

. HnneuHe TJHHeJIHponaHHH cocT~BAAeT 'caMyro- cep,n;n:enHJiy. Kilan~onoit · npH

po,n;H; Y>Ke ueCKonLllliMH uo6eiieBCKHMR. npeMHJIMH 6LIJIH OTMe-.ieuH npopHBbl B 
noHHMa_HHH. :K npaKTH-.IecKoM ero ncnom.JoBaHHK. ,L(o · _cli:x ·. nop aTo 6Hno · cn"a:-

3auo· .B ocu~BHoM c o,niioKauanLHLIMH npon:ecca:MH.· · Ho peanLuhiit Map cyin;e: 

· c.fneHIIO 6oraqe o,IUioKaua.IT:b:Hu~ a:Bneud •. ll xoTJI· n B -fm;( ein;e MHo roe ocTaeTCJI 

. 3ara,n;oqHLIM-, Ha'IKHaroTci IIOllLITKJI OCBaHBaTL .H 6ecKpaii:HKe npocTopLi: MHorO-. 

KauanJ.uoit <Pii3HKn .. 3,necL · Mhl_ '.neilaeM m~r K-noiiHMaHHIO MexaHK3Ma o6xo,na 

rrpeirHTCTBHit, · K36eraJI ·. TJlJ,n;HOCTH .. no,n6~pbCJlHOro· TJHHenHpOBaHHJI; JICUOm.3yJI 

... IDimHHe (KaHanOBLie) CTeneH~I CB060,n;LI (c~. eme [1}, rn.7). Ha pac.5 B o6naCTH, 
"- "'\.. .. ' .• . . . - ' -. ~ 

- IIOTeHU:HanLHOrO 6apLepa nepBoro KaHana 110 BTOpOM KaHane o6pa3JeTCJI IIOTeH-

U:HaJxbHaJr HMa· V22, Ky.na ,qacTHiJuo nepe6pac:i.InaeT.CJI Bon~a H3 nepnoro Kanana. 
Ecna auepniJI na.narorir.e~ Bonnu neJimT Me*,ny ,n;ByMJI ~oporaMn, TO. BTopoA Ka

H~n3aKpLiTn Bonna B ne!i(ma3hlBaeTCJI 3anepT~H B yKa3a~noit JIMe, 113 ROTopoit 

-o~a MO}I{eT pacnacTLc~ TonLKo. n .nepnuit Kanan, npHqeM n o6e cToponl.t. OK~
. 3LIBaeTCJI: 'IT~ TaKHe pacna,n;Hble BOJIHLI, H.n;ymiH~ · iianpaBo, HMeiOT TY 

>KC aMITJIHTJ.ztY, qi-o H OTpa>KeHHble OT 6apbepa B nepBOM KaHane, HO 

npoTHBonono>KHYIO <f>a3y .'~ noToM-y· ym~qTomaroTcR. f~ho HanoMHHaeT 

·HcTon:KoBimHe a<P!f>eKT~ _pe3onancnoro TJIIHemipoBarrHH npe.nno~emioe. ~-iuare 
[1} (o,n;HHM K3 anmpoB:.. B.3.). H~TaM no,n;o6uoe n3aHMHoe_ynHqToJKe:H~e oT-

pa>KeuuoA H pacna.nimit Bonn npoHcxo.nHno nnmLnpn·o,aiioM·:maqeuHH.auepraa 

_ (aJIH.HX itoueqnoM qJicJie) B uenpepniBno-M. cneK~pe (ua ~mmi<ecTBe MepH uynL 
cp~,n;H cneKTpaJibHOro. ROHTHHyyMa) •. lloqeMy ~e .B • ABYXi<auirn;uoM cnyqae 3TO 

· B03Momno npn Bcex aueprHH'x H:enpepLIBHoro ~rieRTpa? .:·,n:o~onHHTenLH~JI cTe~ 
rieB::bcno6~,nLI B03HHKaeT 6naro.na{JJI ir"e,nHar~uairbHLIM ane:M~n~aM MaTpHiJ.LI B3a

:iiMo,neitcTB~ (KoHTHHyinLrraJICTeTieHL cno6o,n1.1 :Bu6opa Yj_2)_. ilone3HO TaiOKe 

cpaBHHTb JKa3aHHLitt a<P!f>eKT C JIBneHHCM "?6xo,n;a" 6~pi.epOB llpll ,l{BHJKeHKH 

BOJIH B ypaBHeHKJIX BbiCIDero rropH,!!;Ka. [2] (KoTopue MLI HaaBanH "o6o6IiJ.eHHHMH 

ypaBHeHHJIMH Illpe,n;HHrepa"), TOnLRO.TaM OKpJlKHM_M nyTeM cnymnn He ,npyroit 

Kanan, a .npyraJI BeTBb cneKTpa: : . ~. 
flocne 3HaROMCTBa C O.li:HOJpOBHeBOit MaTpan;eit B3aKi.I:O.li:Cii:CTBHJI, HeTpJ,n;HO H . 

·. -.B 6onee C~OJKHOit ,nByxypOBHeBoA-Ma~pHU:e V;;(x) (cM.pHC:8)-HaitTK ~COCTaBJ!!I· 
· ioill;ne" ee aneMenn~ c pac.5, · · . . · · · · 

• MeHJIJI ·nonoJKeHHJI_ypoBneA E;, ynpaBMtoin;He rny6HHaMH JIM H BbiCOTaMK 

· __ 6apy,epon, n uopMapon:Kn Mi cBH:iauuLix cocmJIImA, <l>HKcHpyrom'Bx noJI<)JKeHHJI 

· ~M a 6apbepon ua ocii _x,. nonyqaeM. ruHpoKHit Knacc MHoroKaHaJihBLIX 6eJoTpa- .' 

<marenLHLIX. Mo.n;enett. · -· 
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-· BLIJIO 6LI noylJHTeJII>HO llOCTpOHTL 'noienn;naJILI-«l>HJILTpLI, -.naiolline 6JIH3Koe . 

K 100 npon;enTaM OTp~eB:"ife llpll: OT,ll;eHLHLIX H36paH~LIX 3HltlJeHHJIX3Heprnn 

HmiHa ireKOTOpLIX ROHelJHLIX-YlJaCTRax 'nenpepLI:Bnoro cneKTpa 'H llOlJTH 100-
npon;eHTHO npoapa'Illhle na· ocTaJILHLIX. . - . 

MLI paccMaTpnBaJIH o,nnoMepnLie ypaanennH, no MO.lKeT B03HHKHYTL acmpoc ~ 
npoapa'InocTH · TpexMepnLix cncTeM:. Jlc>KamnLiii TpexMepnLiit noTenn;nan aaan

cHi ol' 3-:ic nepeMenni.Ix,a MaTpnn;a pacceJIHHH-::- oT5-n (no,,nBa-yrira, onpe,neJIH

. roru;nx nanpaBJiennH na.namru;eii: H yxo.zum~eit BOJIII, UMO,ll;yJIL soJinonoro BeKTopa). 
- - . --: . ' . - - .. / . . . . "' ' 

P11c.8 rr po:lpa'liiaJI IIOTCHUMaJii.naJI Ma~. 
T~HUa D~ai.rMOJlCii:CTBIDI c xu{yw{ yp~- _ 

_BHJIMH Ei = -0.5;Mll = l,M12 =-
0.01 H E2 ; .-l;M~} = L2,M22. = 
O.OOL B nepnoM Kanane n V11 ; rro:Kaaa:U-

... r ·,· ' ...__... • ·;I ·.I , x H:oit cnnori:moii ~eii, o6paayro~c11.mla · 
· · · 6apLepa·, ·a: no niopoM Ka:ilaJie a V:!2 + ~2 

•·(niTpHXOBa~'.JIHH:illi:)- llBC "KoMilenCH~ 
pyronme" JIMI.IIIa Tex me MCCT<l:X· llyn~ 

·KTHpoM:_ rroKaaan ne,lll1aronaJILHLIH Ma

Tpntiimii 3JICMCHT v;2, ocyru;eCTBJIJIIO

~ii: cnJiai. i<auiuion n panu:hlii H:ymo n 

-TO'lK~X MaKCHMJMOB 6ap~epOB.> ~ • 
\ 

• . ,i ': -~. - < : - •• • ' ;\ • •• /' ,· .. - • ·.- "~ • \ • ' •••• 

cho 03Ha'IaeT, 'ITO Jl:aHHI.Ie pacceJIHHJl IIe MoryT aa,naBaTLCJl He3aBHCHMO {no~ 
• ,.. ·-· - •• • - . ; , • "' I ~~ 

CKOJILKy MaTpHD;\l pacCeJlHHJI 110JIIIOCTLIO onpe,neJIJleTCJl IIOTeiiD;HaJIOM, TO CTe11e- ·· 

ne:ll: c:Bo6o,nLI ocTaiOTCll JIIIIIIL · TpH, KaK B rro~enn;uaire, orrpdemiroru;eM: ~Bo:ll:CT~a. 
CHCTeMLI). 9:ro' ne _noJBOJJJie~ ynM'ITmi{uT~. pacce1r;n;J.Ie~nomri.I.-'- 3any~liTL 5-
MepnyiO MaTpHn;y. pacceJIIIlfJI. _ fT paB,na, CCJIJI pacntaTpHBaTb ·ueJIOKa_n:LUhle 110. · 

ymaM 11on!nn;H~Jihl {c· ITJ!TLI~ nepeMen:iiLrMu) · · • . ·-.; 
' • • l 1 '' - ~< . 

V,(~;o;~,o',cp') ~ :L _Vt,;l'~'(r)Yt~(O,cp)Yi~m'(O~,~'), ·._ 
·' :lm/'~1 ' . -. 

. TO.MaTpHn;a'pa~CCJIHHJl OCBofi_o}l{,ll;aeTCJI OT CBJI3CH II B -~pHHD;Hm! y.lKe MO~eT fihlTL 

aa,nana i:rpoipal!IH>il: •. Kcr<tTH; oT paccMoTpeniioii H.a~H'.ziilyx:Ka~aJILiio:ll: ppoapal!- · 

HOit MaTpliD;hl.B3aHMO,ll;eHCTBHJl MO.lKHO, HC110Jib3Yll HCKOTOphle 6a3HCHLie «l>YHKD;HH 

JII06oil: paaMepHOCTH, rrep'eiiTH K IIOTeHD;HaJiy HeJIORaJI~HOMY.110 11epeMeHHLIM_Bhl~ 
6pannoro 6aal!ca; · . 

'' 

'/ 

', 
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4 "A,l(HABJ\r_fMRA~' ---

CHcTe:My MHoroKanaJILHLIX ypaanenH:ll: '1 MOHillO 11peo6paaoBaTL B-CHCTeMy' no- .. 

:no6nyro 11o.rry-qaroru;HM~; rrpH a,nHa6aTRlJeciioM paanmi<ennH. HnTepecno. nocMo- · 
.. '· ·. . - . -. . 

TpeTL, KaK BLirJIH,nJIT 3JieMeHTLI MaTpH'r~LI aan;eiiJieHHJI H TepMLI MHOrOKaHaJILHLIX 

· ypaaH:enHA a,lll1a6a-fn-q~cKoro. n!:rra '.lum npoapal!Ho:ll: CBCTe~LI. PaaJIO.lKHM :Kima

JIOl!Lie (l>yiiKD;HH Ill;( x ), orryciiaJI ,nJIH 11pocToTLI BTopLie nii,neKcLI, yKaaLiaaroru;He 

~.a rpaHHlJHhle yc~(HiHJi, 110 COGCTBeiUIMM BCRTOpaM ~~(i,x) MaTpHD;hl110TeHD;H- .· 

. aJIOB npH «l>HKCHp-oBaiiHOM 3Ha'ICIIHII_ x::. 

2 

W;(x) = _LFnci>n(i,x), 
.n=l · 

r.ne nopMHponanmie C()6cnienm.rc Hcrnopa ~meroT nn.n: : -- - . : ---- ~ ~ _.., 

ll}2(x) . 
cf>?t(l; x) = y't~; -1:: ( £~ __ Vt1 (x) . f1( 

· ·_ · .·. ·,. £,;-V}1(x)-ft ·· .. 

_ci>n(2,~) =· v~; + (t'n-:- Vil(x) -f1)2 

{7) 

(8) 

{9) 

~ ._ :· ' ,_ ~· . - ·. . 

9To pii3ii:omenHe n~IIOMHnaeT aiuia6aTHlJecKoe; .foitLKo J,necb 'cyMMa Kone'lna 6ea 

npH6JIIDl{eii~oro ee o6pLiia !! ilBH}Re{nre rro 11~peMe~u~~ x ne oGllaaTeJILHo .nomo 

6LITn Me,nJieHHhlM •. · .ll:Jiil K03{p<J:!nn;HenToB paaJiomeHHll HMeeM o6paTHoe rrpoo6pa-

aoaan-Heu "a.nna6aTHlJecKym" CHCTe:My ypannenuit: ' . 

~Fn(x).= L ci>;.(i,i)~;(x)~ {10) 

' , . . ' d . " • ·- I 

. -:-F: +I: I<nn{r)Fn~(x)+ L Qnn' dxF'n•(x)_ =_(E '....:. t'!'(x))P,;(x), 
n' · · · ·- · 1 n,- · · -

(11). 

- -r.ne t'n(x) ~-[l/i~ + f1 + \122 + f2 ±.y'(Vtt +fi :_ \122 :- f:i) 2 +4~;]/2 :_ TepMLl' 

( C06CTBeHli!>Ie_ .3HalJeHHJI MaTpHilld H:iaHMO,llCHCTBHJI lf;;( ~), CJIYIKali~He. IIOTeHnHa- .. 

1!aMH B a.ilHa6aTHlJecKoit cncieMc yj>aHIJCIIHl-i ), a Roa«P«PHUHeHTLl K H Q, ocyru;e

CTBJIHroru;ne- Cllll3b ypaBUeHM!l H:i-3a HC)"ICTa H 6aJHCHI.IX «l>YIIKD;HllX orrepaTopa _ 
· Kii'HerHlJeCH6ii _anep~HH, HMCIOT B.n,n: . . , . . . .. 

Kmr>(:i:) ~ L ci>n(i;x)ci>:,{i,x); . . . 
{12) 

Q,;m(x) = Lci>n(i,x)4,:,.(i,x). (13) 

11 



/ 

,·· .. · 
'!· 

E 

• PHc.9 Tepw C(x) _ -20 

~ 

0 
X 

'>-' lu PHc.IO: 3neMeiiTLI MaTpHULI K~ - ' . ' . 
JlJIJI. HarJIJI.ZOIOCTH' ]( 22 , c.ilBH-' 

. ' . . . 
HYT BBepX KO BTOpoMy .nopory, a .. 

· K1;noitemen MelKJlY • ·. noporaM:H.,B· 

•, 

PHc.ll 3JieMElHTLI MaTp~nn.I Q (aHTH7 

. CHMMeTpH'IHLie llO mmexcaM): .zuraro

HaJILHLie paBHLI eymo, a OJlHH H3 ~He-
- I ·," \, '· 

.mraronaJILHLIX noMemen MelKJlY nopo-

raMH • • 

'-~--

.zuraroHa.ITI.HLIX MaTpWIIILIX 

Tax6ap:r,epo» H:eT. 

/ 

aJieMen-· · 

PHc:i2. ,l{Haro:ria1ThHLie 3~eMeHTLI 
MaTp~nn.I _B3aHMO.U:~CTBHJI C pa3HH

ueA: noporOBLIX 3Hepria: .ztBYX KaHa- __ 

JIOB B .fre6lTb pa3 Mem.rnclt, tleM Ha 

.pHc.5. v22 ~~eHKO BTOpoMy no

pory.,. 
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- <l>opMa.TepMo~ :KaneMe~TOn~aTpHn K,Q ~oKa3ana na pHcyn_!<ax9-ll. XoTJI 

MLI He ro.TOBLI HX ROMMeHTHpoBaTD, no HpHBOJlHM HX, 'IT06Id lJBTaTeJIH MOrJIH_ 
' ' -

BMe~Te C aBTOpaMH HOJlYMaTb ua.zr: IllfMH. 

5 3AR.iiiOl:JEHHE. 

. • 

~He y:HLinaa:: -: caMoe Tpy.u:Hoe 

. eme nnepe.mr". A-Hrillla:cnaJI ·nocno

BHJla. 

· "CoMHe~He JlOCTllBJIJI:eT. Mile He 

- MeH»rnee HacnaJK.zteime, 'IeM 3Hamie". 

· .ll:aHTe • 

'JlBneHHe MHoronaHaJIJJHott · npo3pa'IHOCTH o6ecne'lHBaeTCH TpeMJI .oco6eHno-

-CTJIMH 'MaTpR!lhl ·- :B3aB::r.m.u:eficTBHJI. 'Bap:r,ep:hl 'a ee M~Tpli'IHLIX aneMe~Ta~ ·Jiaro~
CliJiliHOeoTpaJKeHHe (1 ), no no.n;6apr:.epnoe TynnenHponanHe 3aMeH.iieTCH "orH6a-. : 

RHeM"_ 6ap:&epoB ITO .n;pymM KaHaJiaM, r,ne BMeCT06apliepoB pacn01IOlKeRid:ITOTCH

UHaJibRide JlMlii (2), a pacnaJinliie BOmilii HJ. aTHX JIM BO BXO.zi;ROM KaHane YRH'ITO-
lKaiOTCJI C OTpaJKeRRliiMH OT 6apbepoB. ._ . . . _ . 

. -P~ccM(>Tpenmie Mo.n;eJm:, XOTJI; H ue OTBe'l<HOT peanbRLIM o6'LeKTaM'IiBaHTOBoro 

MHpa, no· o6oramaiOT HaUl·. OllhiT HOIIHMafiHCM. Ra'leCTBCHHO · -HOBLIX.-MeXaHH3MOB 

• ycHneRHJI npo3pa'l~~CTH- cocTaBHhlX · cnc.TeM '(sonnlii :it:cnonr:.3yioT ao3MOlKHOCTH __ 

nepe~o.zia H3. na~ana B ·:Ran an .n;JIJI "ont:6anHJI" nperrJITCTBHii · H MeHri<ananoaoa: 

HRTepcp'epeRUHH .l{JIJI: llOJJ;aBJICRHJI OTpamen~~ . _· , . __ ,_ _ _ :: -~ . . , . 

·BHpiunaeM. 6naro.n;apnOcTb ·_ COTPY.U:RHRaM JIT<I> -0 MJIM 3a CTHMY1IHpyiOlllHA: 

·HHtepec K pa6o'Te; a C;M:.J?nnce~ay 3a no.n;xo.u:.<nnyro (npnae.u:ennyro B¥rne) ail:-
. . - \ . . . . ~ ' 

~- rJIHikKyiO llOCJIOBHIIY. .. . . 

6' . ITPMJIOJREHME 

IlpHBe.l{eM eiiit(Ha p:Kc;12 .U:M llOJIIiOTLI M~TpHizy B3aHMO,ZJ;eikTBHJI-C yMeHbiiieH

HoA:·pa3HHIIeA: noporoB Kananoa, a :Ha pHc.13 TpexRaHaJIJ>HJIO np03pa'IHYIO Ma

TpHey B3aHMO.U:~A:CTBHJl. B nocne.nne-M cJiy'lae ~M~ ~ ~aplieplii B _coce.l{HHX KaHa

nax llOlJeMy-To, OKa3HBaiOTCJI HeCROJI)>RO _cMemeHHliiMH .u:pyr OTHOCHTeJibHO .u:pyra 

( cp_. · c pHc.5). Ilpaa.n;a, JIMlii .6onee BliiCORHX Rananon C.ztBHraroTcH OTHOCHTCJILHO' 

'6apr:.epoB, ROTOpliie OHH rri>H3BaHlii llOMOTh o6XO,llHTb, HaBCTpeqy na.zr:aiOIIIeMy no- · 
- ' . _. --~ - , . . ~ 

TORy. . . . 

<f>opMlii BCeX ne.zr:HaroH~JiliHhlX ane~eHTOB ,li,OB~JibHO llOXOlKH~ 

1.13. 


