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Ha npoTIDKemrn MH~;llX JI~T pa3BIITIIe cp~3RRII ~e,n;Jiemmx Heii;po~ 
• • ' • , > •• • • • ' \' • -· • ' • • '. ,. • : ~, ' 

HOD paclll'.IIPJIJI0 Hann~ D03M0}I(H_0fT.II IICII0JIL30Ba1Ilr;11 3TllX ~acnm; .~1ll!: 
3KCIIepm.rnHTaJILH0ii nponepm 0CH0DHliIX II0JI0.>Remm KDaHTOBOfi: Mexa
H~RII. J,fanecTHY~ pom, D ycnexe' 3TlIX iI~c~e,ZJ;OBaHIIii c~pa~o ~ II0JID

JI~HIIe HeiiTp,OHHLI~ IIHT~pcpep~Me;rpon ,Zl;JIJI Teniion~ H~ii.Tp~HOD [1 · - 4]. 
. . "' ' ' ...... , , .. ' .,- , . . ,' ,.\, 

IlapaJIJieJILHO pa3DIU3aJIIICI, IICCJie,n;onaHIIJI C )'JILTpaxoJIO,lJ;IILIMll Heit-

Tp0HaMII (YX}I) [5-:8]. · ,lJ;ono.JILHo 6oJILmaJI ,ZJ;e6poiiJie~CRaJI ~~ noJIHLI 
YXH , . .·. ,• ' , 

,\ '= k.:. 1 ·~ fo-6cM' ,, .!' " (1) 

,n;eJiaeT HX necnm IIpHBJieKaTeJILHLIMH ,n;JIJI KDaHT0B0-MexaHII'IIeCKIIX 3KC

nepIIMeHT0D. O.n;HonpeMeHHO 06cy.>R.n;a~c1, II npo,n;oJI.>RaIOT o6cy.>R.n;aTLCJI 

no3M0}I(H0CTH Ha6mo.n;eHIIJI. · cy:w;ecTDenno necTan;IIonap'm,1x JIDJieHIIir 

[9-15]. IlepnLiii 3KcnepnMeHT aToro po.n;a yme ocy:w;ecTnJieH [16]., B 
cJiy'IIae YXH aHaJIII3Y .II IIJiaHIIponaHIIIO 3,n;ec1, noMoraeT 3Ha'l!IITeJIL

HaJI BCJIH'IIHHa xapaKTCpHoro KDaHTonoro npeMCHH: 
, ' 

Ti, -1 -8 - = W ~ 10 C. 
. € 

HecKOJILKO oco6HJIKOM cT0IIT e:w;e o,n;Ho nanpanJieHIIe nccJie,n;'onaHIIir, 

B03HlIKmee 6miro,D;apn pa3DHTHIO HeiiTpOHHO:ii HHTepcpep·oMCTpirn. 'CTH

MyJIIIpyro:w;ne ny6mrnau;nn aToro HanpanJieHIDI [17-19] nee 60JILI1Ie ·co:.. 
cpe,n;oi'o'IIHBaIOT DHHMamre ua lICTHHH0M C0CT0JIHllll 'lICII0JIL3yeMLIX D 

3KCIIepmieHTC IIY'IIK0D He:iiTp0Hon:· Tpy6o ronopJI,' pe'IIL li,ll;CT 0 TOM, 

OIIHCLIDaIOTC./1 JilI 0HlI DOJIHODOH cpyinrn;n:eii ( 'IIHCTOC COCTOJIHHe) liJilI .>Re 

npe,n;CTaDJIJIIOT co6oii CMeCL. ,lJ;ocTaTO'IIHO 06:w;ei:rpn:HJITLIM JIDJIJICTCJI IIC

II0JIL30DaHHC IIOHJITIIJI ,n;JIIIHLI ICorepeHTHOCTH fc, nnoju!Moe 110 aHaJionm 

c OIITHKOH. : II pH 9TOM eCTCCTBeHHO BLirJIJI.n;JIIIl;llli ccy~a:ii f c >> >. DIIOJilI:e 

peaJIIICTll'IIEm. TecHo cn:irnaHHaJI c 3THM no3MO}I(HOCTL yRpy1menIIJI npo

cTpaHcTneHHLIX Ir 'np°CMCHIIJi[X Macmrn6on JIDJICHIIJI DHymaeT li3DCCTHLI:ii 

0IIT11Mll3M. · · 

. :rrpoICOMMeHTHpyeM '-qyTL no.n;po6Hee TIOTemu1aJILHHe D03M0)I{H0CTll 

Ta'i<O:il: cnoeo6pa3HOH KDaHTODOH .z:r.narHOCTllKll He:iiTpOHHLIX IIYlIKOD. O6-

cya<,n;aeiiaJI D [18],[19] am.TepHaTIIBai "ICorepeHTHM cynepII03llD;IIJI mm 
. ::r .. , 



HeRorepeHTHa.JI cMecL" rro.npaayMenaeT Tom.Ro ,nBe rrpe,n;em,m.1e B03Mom

H0CTH. Ha caMoM ,n;eJie .n;M Izy1IROB B03M0)I{HLI He Tom.Ro paam.1e cTe

m'lmi·, . 110, miR' 6yi{eT BH.n;H6 H3 ;D;aJILHemnero, H · HeCR0JILRO pa3JIHtiaro

mn:ecn: Tmn.I CMennmaBIDI. TeM He MeHee, rrpe,n;em,m,m c~a:tt tIHCToro 

COCTOJIHHJI~ 'o6Ji~aroniero· B0JlllOBOH cpyi!Rtin:e'tt '11, E:MeeT, Ii IIpHHrume, 

,n;ocTaT<>tIHo pa3;yMim:tt'cwcJI [20]. Boammaro~e a,n;ecL ,zmarnocrHtie-
. . . . 

CRHe Tpy.n;H0CTH JIYtiiue Bcero IIp0HJIJIIOCTpHpOBaTL IIpOCTLIM O,n;HOMep-. ,. ',,, 

HEIM rrpHMepoM. 

Heaaini:CHMO OT IIpllpO,n;I,I mm ROHRpeTHoro xapaRTepa paccMaTpH

naeMoro C0CTOHHIDI IIJI0THOCTL tiaCTlI,Il 6y,n;eM o603HatiaTL tiepe3 1'1112, a 

IIJI0TH0CTL II0T0Ra MO)l{H0 aarrn:caTL B BH,D;e 

· 'J = v(x, t)IWl2(x, t). (3) 

Ilo xopomo lI3DeciHI,IM q>OpMyJiaM RDaHTOBOH MexaHHRH [20] JierRo npH

X0,n;HM R 

'1f(x, t) = J1w12ei(-ipo(t)+W-f v(x,t)dx], (4) 

r,n;e <po(t) - He 3aDHCJII.Uee OT Roop,zmHaTLI X lIP0lI3BOJILH0e CJiaraeMoe 

lIHTerpn:poBaHIDI. 

'3,n;ecL MLI DH,zmM B0JIHOBYIO <l>YHRUHIO e,zmHCTDeHHOro tIHCT0ro co

CT0JIHIDI, OTDetiarow;ero IIOCTaBJieHHLIM ycJI0BIDIM. Ecm )Re HCII0JIL3ye

MLie pacrrpe,n;eJieHIDI 0TH0CHJIHCL R COCT0JIIDI.ro, R0T0poe Ha ~aM0M ,n;eJie 

JIBMeTCJI cMemaHHLIM, TO rrocJie,n;Hee ocTaeTCJI nen:anecTHLIM. HHLIMH 

CJI0BaMH, MaTpn:ua IIJI0TH0CTH He B0CCTaHaDJIHBaeTCJI II0 O,n;HOH JIHlliL 

rrpocTpaHCTDeHHO:U: IIJI0THOCTH, ,n;a.iRe ecm TOR J(x, t) T0)I{e H3DeCTeH. 

9TO .ecTL. rrp11Moe cJie.n;cTBn:e caMoii B03M0)l{H0~TH cyw;ecTBe>BaHHJI 

CMemaHHLIX C0CTOJIHHii RDaHTOB0-MexaHHtieCRoro ,nBlDReHIDI [20]. 9Rc

rrepn:MeHT, D ROT0p0M HCtiepIILIBaIO~M o6pa30M H3MepJIIOTCJI, TOR H 

IIJI0TH0CTL tiaCTHil, Bee )Re He JIB1IJI.eTCJI 3,n;ecL IIOJIHLIM OIILIT0M. MLI 
,. • ,, • - < '., 

rrpn:xo,IUIM R DLIB0,ZJ;y, xopomo HJIJIIOCTpn:pyrow;eMy. 3,n;ecL BCIO Tpy.n;H0CTL 

n: T0HR0CTL. rrpo6JieMLI. IlyTeM.TOJILRO rrpocTpaHCTDeHHoro,.n: BpeMeH-
+ ' • • " , " ··"·,'' 

noro anamaa pacrrpe,n;eJieHHii IIJI0TH0CTH n: T0Ra, 6ea crreRTP.?MeTpn:tie-

cRHx H3MepeHHii, BLIJIB1IJI.IOI.UHX 3HepreTHtieCROe pacrrpe,n;e~~HHe C0CT0-

HHIDI, D IIpHHUHIIe HeD03M0)l{HO, ycTaH0BHTL, CMemaHH0€! .<>HO HJIH tIH

CToe. CTporo ronop11, 3T0 0TH0CHTCJI lI R CTaun:onap~LIM C0CT0JIH_HJIM. 

B CMemaHH0M CJIYtiae 0HH T0)I{e o6Jia,n;aIOT 3HepreTn:tieCRHM crreRTp0M. 

2 
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2. MaTpHua IlJIOTHOCTH B aHepreTH'l:JeCHOM npe,Il

CTaBJieHHH H KBaHTOBaJI CTPYRTypa ny'l:JROB He

peJI.HT~BHCTCRHX qacTHU 

PaccMoTpHM rro.npo6nee O.n;H0CTopoHHee cno6o,n;Hoe. ,nBlDRemie Izy1IRa 

tiaCTHil, k > 0, n,n;om, rroJI0)RHTem.noro narrpanJieHIDI ocH x. · IlycrL 

tiaCTOTLI yt1acrnyro~ B ,nBlDReHHH·tiaCTHU cocpe.n;oTotieHLI, rJiaBHLIM 

o6pa30M1 B 0TH0CHTeJILH0 Y3R0M HHTepBaJie 

lw-wl ~ ~w ~w. (5) 

BnyTpn: yaRoro crreRTpam.noro pacrrpe,n;eJieHHJI F( w )dw BLI6op cpe

.n;He:tt w HeCR0JILR0 IIp0H3BOJieH. Ee y,n;o6no, Harrp1nrnp, q>HRCHpOBaTL 

tiepe3 cpe,n;HIOIO IIO CIIeRTpy RJiaccHtieCRYIO CROp0CTL 'tJaCTHilLI: 

_ I vF(w)dw 
V = -----,---,--. 

I F(w)dw 
(6) 

3,n;ecL lI HlDRe rrpe,n;eJILI lIHTerpnpoBaHHJI II0 3Heprllll He IIp0CTaB1IJI.eM 

BBH,n;y 6LicTpoii cxo,zmMOCTlI ncex rro,n;o6HLIX BLipa.iReHH:tt rrpn w ~ w. 
Bea orpaHHtieHHJI 061.UHOCTH IIOJiaraeM, CHatiaJia HeCR0JILRO . q>op

MaJILHO, tIT0 lIMeeT MeCTo tIHCTa.JI cyrrepII03HlllIJI, lI C0CTOJIHlie OIIlI

CLIDaeTCJI BOJIH0BO:tt <l>YHRUHe:tt 

'll(x, t) = j c(w)ei(kx-wt)dw, 

'11*(x, t) = j c*(wt)e-:-i(kt:::-wlt)dwt, (7) 

r.n;e c(w) - HeRHe ·aMIIJIHTy,n;LI. Ilo,n;pa3YMeBaeMa.JI aalincHMocTL k(w) 
orrpe,n;e1IJI.eTCJI o6LitIHLIM aaRoHoM ,zmcrrepcllll cno6o,n;Horo ,nBlDReHIDI. 

IlocJie BLitIHCJieHIDI JII06LIX q>H3HtieCRH Ha6JIIO,n;aeMLIX BeJIH'tJHH 0606-

w;emie peaym.TaTa Ha CMemaHHoe COCTOJIHlie JieI'R0 ,Zl;OCTnraeTCJI no XO;:. 

porno H3BeCTHOMY peuerrTy (20],[21]: 

c(w)c*(wt)--+ p(w, wt). (8) 

9nepreTHtieCRa.JI Mai'pn:ua IIJIOTH0CTH p(w, wt) 3pMHTOBa lI B o6w;eM 

CJIYtiae He q>aRTOplI3yeTCJI. OHa He 3aBHCHT OT BpeMemI JIBHO, HO 3TO 

He MemaeT paccMoTpemIIO n cyw;ecrBeHHo HecTaun:onapHLIX JIBJieHH:tt. 
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BwnnneM BruKHyro <popeyn:y JJ.JJJI npocTpaHcTBeHHoii nJioTHOCTH -qa:: 

CT:m:J;: . . , .. 

liI!l2 f j i'•i(kt-k)z:ei(w'.~w)tp(w,wl)dwdwl. (9) 

lITo »ce RacaeTCJI RBaHTOBO-MexaHll'tJeCRoro Bupa»ceHlIJI )J.JJJI TORa, TO 

no <popMe OHO ~e )J.aeT 3,1J.ec1, Hll'tJero Honoro. B • paccMaTpHBaeMOM 

CJI:y'tJae Y3RHX 3HepreTn:cieCRHX cneRTpOB (5) -nOJI:y'tJaeM C Tpe6yeMOH 

' TO'tJHOCTI,10: 

. J ~ u1w12. (10) 

' Ilolli,lTaeMCJI Tenep1, npoaH_amrn:upoBaTI, CIITyaIUIIO_ B HeROTOpoii: RO

He'tJHOH TO'tJRe x. Ilp:u 6omIII~ BpeMekax t ~TOJIIU;~ no)J. 3HaROM HHTe

rpaJia (9),3RcnoHeHTa CIIJII,HO OCIUIJIJIHpyeT. ,Tame OCD;IIJIJIHpy10m;:ue· 

HHTerpaJIJ,I CTpeM:UTeJII,HO y6LIBalOT, 'tJTO acHMnTOTII'tJeCRH )J.OJI»cHO np:u-, 

BO)J.HTI, K IIC'tJe3HOBeH:UlO nJIOTHOCTII II TORa B paccMaTpHBaeMOH TO'tJRe. 

<l>II3II'tJeCRM IIHTepnpeTaD;HJI T~»ce ~<?POIIIO Il3BeCTHa ( CM., Hanp.,[20]): 

11enpepI:.IBHLm naI<eT cocT01111n:ii: cnJIOIIIHoro cneRTpa yxo)J.HT Ha 6ecRo

He'tJHO CTI,. 

3aMeT:uM no :u36e»c,aHHe HeJJ.opa3yMeH:uii:; 'tJTO caMa no ce6e cnpa~ 

Be)J.JIHBOCTI, <popMyJII:.I (9) II BLITeRa10m;:ux 113 Hee CJie)J.CTBIIH He 3aD:UCHT 

OT IIaJIH'tJHJI IIJIH ROHRpeTHI:.IX CBOHCTB IICTO'tJHIIRa 'tJaCT:m:J; r)J.e-To B JI.PY:· 
roM MecTe. · KaK cTaHeT JICHee 113 JJ.am11eHIIIero, 3To. o6cTOJITemcTBO 

cym;ecrBeHHLIM o6pa30M ROMnpoMeT:upyeT Ha:UBHyro·,r:unoTe3y, .. 6YJJ.TO 

peamHLIH ny'tJOR npoCTO-HanpOCTO COCTOIIT IIJIH M0»ceT. COCTOJITI, 113 

naKeTOB. <l>II3II'tJeCKM lIH~epnpeTan;HJI )J.JIHHLI iorepeHTHOCTII le, xa

paKTep113y10m;M IICTIIHHYIO CTPYRTYPY ny't!Ka, 6y,n;eT )J.aHa H:u»ce. 

Bo3BpaIU;MCI, R a1Ia~3y BpeMeHHOH 3aBIICIIMOCTII BLipa»ceHHJI (9), 

OTM~TIIM, 'tJTO,BCe BLIIIIecKa3aHHOe Ra»ceTCJI MaJio np:ueMJieMLIM )J.JJJI'OlllI

CaHHJI peamHI:.Ix ny-qRoB. CpeJJ.HHii:.no 6ecRoHe'tJHOMY npeMeHII TOR BO 

BCJIROM cn:y-qae JJ.OJI»ceH . 6LITL HeHyJieBLIM. IloMe'tJM ycpeJJ.HeH:ue no 

BpeMeHH JIHIIIHeii: :qepTOH Ha)J. COOTBeTCTBYIOIU;HM BLipa»ceH:UeM; c<pop

M)'JIHpyeM JRa3aHHoe Tpe6onaH:ue: 
' 

J =I o,, . 1w12 =I o. (11) 

Pa3ra)J.Ra 1!apaJJ.OKca cocTOIIT n cJieeyrom;eM. OcIUIJIJIHpyrom;mi HH

TerpaJI (9) )J.eiicTBIITeJII,HO CTpeMHTCJI KHYJilO np:u •peryJJJipHOH IIJIH 

4 

l 
f 
~ 
) 

,.,, 

CJia6o HeperyJJJipHoii: <pyHRIUIII p(w, wl). 9TO cny-qatt naReTa. ,l(ocTa

TO'tJHO me CIIJII,HM CIIHryJJJipHOCTI, MOrJia 6I:.I' CTa6nJIH3:UpoBaTI, nJIOT

HOCTI, n TOK Ha yponHe Tpe6onaH:uii (11 ). 
EJJ.HHcTneirnoii: no)J.Xo)J.JIIU;eit CHHrymipHOCTLlO oRa3I:.IBaeTcJI 8-q>YHRIUIJI 

OT 3Heprn:u. PeryJJJipHyro me 'tlaCTL MaTpllD;I:,I nJIOTHOCTII, RaR 'tJY»cJJ.YlO 
cyTn paccMaTp:unaeMoro JIBJieHIDI n oTBe'tlarom;yro Heo6paTHMO YIIIeJJ.- ; 

IIIeey Ha 6ecKoHe'tJHOCTI, naReTy, BI:.IlllICI:.IBaTI, He 6y,n;eM. 

Ilo)J.l!epKHeM, 'tJTO OTHIOJJ.I, He 3aBI:.IIIIeIDIOe Tpe6onaHne cym;eCTBOBa;. 

HHJI ny't!Ka (11) npaKTII'tJecm npe,1J.onpe,1J.eJJJieT BHJJ. ero MaTpllD;I:,I nJioT

HOCTII. ,l(JJJI ny'tJROD HepeJJJITIIDIICTCRHX 'tJaCTIID; C OTHOCIITeJII,HO xopo

IIIeii: MOHOXpoMaTII3an;:uett OHa MO)ReT 6LITI, ycTaHOBJieHa 'tJIICTO )J.eJJ.YR

TllBHI:.IM nyTeM. 'Bnpo'tleM, BLipruRMCI, TO'tJHee, 8-<pyHRn;IIOHHM cHHry

JJJipHOCTI, MO>KeT 6LITI, BBe,n:eHa n MaTp:un:y nJIOTHOCTII JJ.BYMJI _HeCROJII,RO 

pa3JIH'tla10m;11M:uc11 cnoco6aM:u. . 

1) CaMoe c.«emauuoe cocmosmue. Ilpn 3a)J.aHHOM 3HepreTnqecRoM 

cneRTpe nyqKa F( w) cym;eCTnyeT ero caMoe cMeIIIaHHoe cocToJIHne 

(CCC). OHo coJJ.ep)RIIT cnHryJJJipHOCTL HanpaIII11na10m;eroc11 BH)J.a: 

p(w, wi) · F(w)8(wl - w); · (12) 

CCC cTan;noHapHo n· KoppeJJJITIIDHLIX 3<p<peRTOB ( CM. H:u»ce) He coJJ.ep

)RIIT. Ilp:u »ceJiaHHn cneRTp M0>KHO HopM:upoBaTL Ha e)J.HHnn:y: 

j F(w)dw = 1. 

Tor)J.a Ha e)J.HHIIn:y H0pM:uponaHa II nocTOJIHHM nJI0TH0CTI, 'tJaCTIID;, a 

)J.JJJI T0Ra llMCeM 

. J =J=v. 
9TOT npocTeHIIIIIH CJI:y'tJaH, BepoJITHO, 'tlam;e Bcero BCTpe'tlaeTCJI Ha 

npaRTHRe :u caM no ce6e, Ra3aJioc1, 61,1, oco6oro IIHTepeca He npeJJ.

cTaBJJJieT. KocHeMcJI JIHIIIL npe,1J.emHoro nepexo)J.a K III:upoRo II3Be-: 

CTHOMY 'tJIICTOMy COCTOJIHillO. EcJIH cy»caTL cneKTp no CXeMe w --+ w; 
F(w) --+ 8(w - w), TO corJiacHo 

8(w ~ w)8(w1 - w) = 8(w - w)8(wl - w) 

MaTp:un;a nJIOTHOCTII <paKTop:u3yeTCJI. B 3TOM npe)J.eJie np:uxo)J.HM R MO

HOXJ)OMaTn:cieCKOH nJIOCKOii: BOJIHe 

i ·. ~i(kz:-z;it) . (13) 
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2) 06w,uil c.,iy11,aii. IloMHMO npo11ero, apryMeHT 6-cpymo::urn MoiKHo 

e:w;e C.n;BIIHyrr, ua HeRoTopyro nocToJIBHyro wµ- .. <I>H31I11ec1w 3TO oTBe-

11aeT RoppeJUIUIDIM • MeiI<,lly y11acTRaM1I 3HepreTH11ecRoro cneRTpa, OT

CTOJillUIMH .ztPYr OT .ztl)yra T01IHO .Ha 3TY BeJm111IHy. CooTBeTCTBYIOIU1IB 

BKJia,ZJ; B upocrpaHCTBeHHyro IlJIOTHOCTJ, {9) ocIUIJIJIIIPYeT, HO He 3aTy-

. xaeT co npeMeHeM. 

O11en1I,ZJ;Hoe 0606:w;eHHe Ha CJIY1Ia:il: HeCROJIJ,RIIX lIJm MHOrlIX TaRIIX 

11aCTOT Wµ {RoppeJIJITIIBHJ,IX pa3HOCTett 3~epnm) BUI'JIJl,ZJ;lIT CJie,ZJ;yIOill;IIM 

o6pa3oM: 

p(w,wl) = F(w)6(w1 -w)+ 
00 ' 

+ E [aµ(w)6(wl - w - wµ) + a;(w1)6(w1 - w + wµ)]. 
µ=l 

(14) 

JlBHO 3pMHTOBa cpopMa 3aillICH MaTpm:i;u IlJIOTHOCTH Il03,BOJmJia orpa

HlI1IlITJ,CJI 3,ZJ;ecr, TOJIJ,RO IlOJIO»wTeJIJ,HUMlI Wµ'. HH,ZJ;eRC µ HyMepyeT 

lIX RaR yro,ZJ;Ho, .nonycTm.1,B nopJI,D;Re B03pacTaHIDI. 8cpcpeRT~rnHO ROM

nJieRCHJ,Ie cpyHRIUilI ROppeJIJIUlilI C¥µ cocpe,D;OT01IeHU BHYTPH Toro .iRe 

lIHTepBaJia (5). OTMeTHM, 1ITO npe,D;cTaBJieHlle O B03MOiKHOM BJ,lJ>O.iI{,ZJ;e

HHlI no.no6HUX nepexO,ZJ;HLIX 11aCTOT e,D;Ba 'Jm lIMeeT rJIY60RHli CMJ,ICJI. 

B' rHilOTeTH1IeCROM "BLipo.iR,D;eHHOM" CJIY1Iae COOTBeTCTBYlOill;lle 1IJieHU 

cpopMyJIH (14) nee paBHO MO}l{HO ofrr,e,ZJ;IIHHTJ, B 0,ZJ;IIH. 

Ilo cpaBHeHllro c BH,ZJ;OM cpopMyJIJ,I (14) ,lJ;JIJI ny11Ra H1I11ero Jq)yroro 

np1I,ZJ;yMa:rr, HeJIJ,3JI. TeM ue MeHee, BBII,ZJ;y H3BeCTHoro npHHn;HnnaJIJ,

Horo lIHTepeca paCCMOTplIM BRpaTn:e. H 1IaCTHJ,Ili CJIY1Iali 1IlICTOrO co

CTOJIHHJI. 

3) £/ucmoe cocmoauue. 3.necr, nee penraeT ynoMHHannreecJI y.iRe B 

CBJI31I C cpopMyJioit (9) ~lICTO R1IHeMaT1I1IeCROe o6CTOJITeJIJ,CTBO. lfro6LI 

1IlICTOe COCTOJIHHe He YIIIJIO Ha 6ecROHe1IHOCTJ, no npHHUHny na:ReTa, · 
' ' ' ' . 

ero crreRTp ,ZJ;OJl.iReH 6LITJ, TOJIJ,I{O CTporo ,ZJ;IICRpeTHLIM: 

'1i =/dw~i(l.::z:-wt) Ebr6(w _: Wr), ·. 
r . 

\JI* = j dwle-i(l.:i:z:-wit) L b:6(wl·- w
8
). · (15) 

' ' .. ' . ' s . ' . . ' ,:' ' : 

,LJ;.irir y;n;o6cTiia npHne.neuHJI R 06:w;eMy 1'1IJl.Y (14) C1IHTaeM, "t!TO mr.n;eRc 

r HJm s HyMepyeT 3TH "yponHH" 3Hep~mr'n nopJI,ZJ;Re ·ee no3p~cTaIIHJI: 

6 

? 
''1 

Onpe.neJIJieMaJI napoit 3Ha11eHHH s > r nepexo,ZJ;HaJI 11acT0Ta Ha 3T0T 

pa3 ,ZJ;IIRTyeTCJI npHHUlIIlOM PHTUa 

Wµ = W8 r = W8 - Wr > 0 , (s > r) {16) 

Tenepr, y.iRe B 6yRBaJIJ,H0M CMUCJie 3Toro cJioBa. IlocJie 3JieMeHTapHI:lX 

npeo6pa3onamm aprJMeHT0B CTOJIIll;lIX pJI,ZJ;oM 6-cpy:mo:nm npHXo,ZJ;lIM R 

cJieJl.YIOill;IIM nupameHIIJIM JI.JIJi 3HepreTH1IecRoro cneRTpa II cpymo:urli 

ROppeJIJIUHlI B 3TOM rrpe,D;eJIJ,HOM CJIY1Iae "tJHCToro COCTOJIHHJI ny-q:Ra: 

F(w) = E lbrl 26(w -wr), r . 

aµ(w) = C¥6 r(w) = b:br6(w - Wr), . (17) 

BepHeMcJI R 06:w;eit cp0pMyJie (14). CyTr, npH6JIII.iReHHJI, RoToporo 

MU nplI,D;ep»wBaeMcJI, MOiKHO BLipa3lITJ, lI TaR: 

dk I~ 1 
-=-=-
dw V v {18) 

EcJm OTBJie1IJ,CJI OT CJilIIIIROM 60JIJ,IIIHX ,ZJ;llana30HOB lI3MeHeHHJI Roop

,ZJ;IIHaTU X n nepnott 3RCilOHeHTe IlO,ZJ; 3HaROM IIHTerpaJia B {9), ;o npo

CTpa:HCTBeHHaJI lI npeMeHHaJI 3aBHClIMOCTlI IlJIOTH0CTlI ,,1IaCTIIU DXO,ZJ;JIT 

TOJIJ,I{O 11epe3 ROM6IIHaIUilO 

r=t-'.:. v (19) 

B npe,D;eJiaX TO"t!H0CTH cpopMyJIJ,I (10) 3TO TaR.iRe BUTeRaeT lI3 ypanue

HlIJI HenpepLIBHOCTlI. flo,ZJ;CTaHOBRa B <pOpMJJIY (9) ,ZJ;aeT 

l'1il2 = 1 + E{,Bµeiw,,r +RoMilJI.conp.}' 
µ 

,Bµ = j aµ(w)dw. (20) 

B OTJm11:ie OT BOJIH .ne BpoiiJIJI, 3,ZJ;ecr, MU HMeeM irecRoJIJ,Ro IIHoe, 
'. . . ' ' . '' ' ' . . '1 './· 

6oJiee RpyrruoMacnrTa6uoe JIBJieirne: peaJmcTriecR1Ie BOJIBJ,I1IJIOTHOCTH 

B ny-q:Re. CorJiacuo (10) TaRyro .iRe cpopMy IIMeroT H BOJIHl,I M~Jl.YJIJIUlilI 
' I . ' ' ' ' ' 

TORa. 

· · M~ npHXo.n;HM R cJieJl.YIOill;lIM ~~ BLIB<>,ZJ;a~. · Rpo; • .rn CJIY1IM ca

Moro 'cMenraHHoro COCTOJIHHJI; JII06ofl: ny"tJOR HeCTaIJ;lI0HapeH lI xap~R

TepH3yeTCJI ,ZJ;IICRpeTHLIM ua6opoM HeRIIX ero "t!aCTOT w µ- Ilo CBoett C)'TlI 
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omr He ynmpem.I, a. JIBJIJIIOTCJI nemrtIIIHaMII T01IHLIMII: KruR,ZJ;o:tt TaROH 

'l'.JaCTOTe OTBe1IaeT CB OJI BOJIHa IIJIOTHOCTII; B IIY'l'.JRe. B COOTBeTCTBIIII C 

HarJIJl,ll;HI,IMll rrpe,n;cTaBJieHIDIMII y ncex BOJIH cRopocTI, pacrrpocTpaHe

HIIJI e,n;IIHaJI II paBHa RJiaCCII'tJeCROH CROpOCTII V 'l'.JaCTIIIJ;H. 

Ecm nee.~µ co~3MepIIMI,I, TO BHpruRemre (20) rrpe,n;cTaBJIJieT co6o:tt 

p1I,Z1; cI>yp1,e II . rrponecc rrepIIO,n;II'l'.JeH. B IIpOTIIBHOM CJIY1Iae B rry1IRe 

IIMeIOT MeCTO 6IIeHIIJI IIJIOTHOCTII 1IaCTIIIJ;. 
' . 

HaRoHen;, OTMeTIIM COOTHomemre Heorrpe,n;eJieHHOCTII ,n;JIJI rropJI,n;Ra 

BeJIII'l'.JlIH 'l'.JaCTOT Wµ, 3cpcpeRTlIBHO Y'l'.JaCTBYIOllllIX B RoppeJIJin;IIJIX: 

> /},.w_ww (21) 

8HeprlI11 HeCTaD;IIOHapHoro rry11Ra, IIO ROTOpoMy 6eryT BOJim.I IIJIOTHO

CTII,. He MO}l{eT 6I,1TI,. <pIIRCIIpOBaHa CJiliillROM TO'l'.JHO. 

IlpIIHn;IIII Heorrpe,n;eJieHHOCTII orpaHII'tJHBaeT B03MO}l{HOCTI, IIpIIMe

HIIMOCTII CJilimROM IIpJIMOJIIIHeHHO HarJIJI,n;HHX CTpyRTYPHHX rrpe;u,craBJre

HHH O rry11Re. 8To MO}l{eT 6HTI, IIOHJITO II RaR orpaHII'tJeHIIe CHII3Y . 

Ha rrpocTpaHCTBeHHHH pa3Mep TpaHCJIJin;IIOHHHX BOJIH IIJIOTHOCTH. Ilo 

cpopMyJiaM (19) II:(20) IIMeeM 

·· v mv2 > · w · 
fc ~ - ~ ~,\~,\~ :::► A. 

Wµ tiWµ i..l.W 
(22) 

,lJ;JIJI RorepeHTHoro BpeMemr TpIIBIIaJII,HHM · o6pa30M noJIY1IaeM 

3. 

t -1>( A )-1 ,""-. -1 
c ~ Wµ ~ i..l.W A" W • (23) 

TpaHcq>opMaD;HJI nyqKQB nepHO,nHqecKHM npe

pLIBaTeJieM-. HH3KoqacTOTHLie 6HeHHJI 

ARTyaJII,HLI:tt IIHTepec, .rro RpaiiHeii Mepe B o,n;HoMepHott reoMeTpIIII, 

IIpeJI,CTaBJ:UieT 
1
~03MO}l{H~CTI, HeCTan;IIOHapHOH TpaHCq>OpMa~lilI rry~OB,. 

C IIOMOill;I,10 HeROTOporo .MOJI.YJIIIpyrow:ero ycTpOHCTBa. MH cocpe;u,oTO

'tJHM BHIIMamre Ha CJIY1Iae rrepn:oJI,II1IeCRoro pe}l{IIMa pa6oT~ no;u,~6Horo 

RBaHTOBoro MOJI.YJIJITopa (rrpepLIBaTeJIJI) [12],[13],[15]. IlpocTO:tt rrpII

Mep MOJI.YJIJITOpa rrepIIO,n;II1IeCRoro ;u,eik:rBIIJI, IICIIOJII,3YIOW:ero TOJII,RO 

8 

) 
\ 

\ I 

r 

rrorJIOW:eHIIe 'l'.JaCTII XOJIO,Zl;HLIX HeiiTpOHOB II3 IIY'l'.JRa, pacc'tJIITaH II ;u,e

TaJII,HO rrpoaHaJilI3IIpOBaH B pa6oTe [13]. ~~eM CHa'l'.JaJia COOTH?

meHIIJI, crrpane,n;JIIIBLie ;u,JIJI ropa3;u,o 6oJiee IlIIIpORoii RarnropIIII rrpepLI

BaTeJiett 3Toro TIIIIa c rrepIIo;u,oM T = 21r /fl. 
qT06H II3MeHeHIIe 3HeprIIII rro-rrpe}l{HeMy OCTaBaJIOCI, OTHOCIITeJII,HO 

MaJm~ (cp'. c .<1>.0PMYJIO:tt (5)), ~~JiaraeM fl <: w. CornacHo o6w;IIM 

:irpIIHD;IIIIaM, er~ Bo3.n;eiicTBIIe Ha M~HoxpoMaTII1IecRy10 BOJIHy 
. ' ' ' 1 

\lf = ei(kz-wt) 
' i <O, (24) 

y}l{e IIO~OCTJ,IO xapaRTepII3yeT RBaHTOBLI:tt rrpepLIBaTeJII,. IlocJie Hero 

. '11 ~ J(t)i(kx:c...wt), . V 
k-l<x<:n, (25) 

r;u,e J(t) - HeRaJI ROMIIJieRcIIa11.cpyHJmIIJI MOJI.YJIJI:riIIII [15]. H~ rrorno

w:arow:II:tt, HII rrporrycRaIOW:IIH ( cpa30BLI:tt) MOJI.YJIJITOp rrpaRTII'l'.JeCRII He 

ocyw:ecTBIIMLI, ecJIII TOJiw;IIHa ycTpo:ttCTBa MaJia IIO cpaBHemrro C JI,JIII

HOH BOJIHLI ,zie BpoiiJIJI. 8TO CIIMBOJIII'l'.Jecrur .BLipruRaeT' JieBaJI 'l'.JaCTI, He

paBeHCTBa, a rrpaBaJI Tpe6yeT, 1:J:T06H ROH<pIIrypan;IIJI ycTpo:ttCTBa MaJio 

MeHJIJiaCL 3a RJiaCCII1IeCROe BpeMJI rrpoJieTa. B TOM }l{e a,n;IIa6aTII1IeCROM 

1IpII6JllI}l{eHIIII , = (fl/w) <: 1 YHIITapHOCT:b HaJiaraeT orpaHII1IeHIIJI 

He TOJII,Ro Ha cpe.n;Hee rro rrepIIo;u,y aHaqeHIIe IJ(t)j2. vfa-3a rr0Tep1, 

Ha ·IIOl'JIOW:eHIIe II OTpa}l{eHIIe JI,JIJI, MrHOBeHHOro 3Hcl1IeHIIJI aMIIJilITy;u,LI 

MOJI.YJIJID;IIII cnpane;u,JIIIBo: 

IJ(t)I < 1. (26) 

K0He1IHHH pe3yJII,TaT TpaHccpopMan;IIII .rryqme nce'ro BLipa3IITI, 11epe3 

R03<pcpIItiIIeHTLI cI>yp1,e cpyHRn;IIH MOJI.YJIJID;IIII 

00 

J(t) = E 
n=-oo 

ane-innt 
' 

1 T 
an ~ T j J(t)einntdt. 

0 

(27) 
;~) 

IlocJie IIOJI,CTaHODRII B cpopMyJIY (25) 3aROH coxpaHeHIIJI 3HeprIIII 

II03DOJIJieT CHJITJ, orpaHII1IeHIIJI Ha paCCTOJIHIIe: 
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W= 

Wn = w+nf2, 

00 

E anei(k,.:z:-w,.t) 
' n=-oo. 

X > O; 

kn= k(wn) = k/l + n1 , 'Y = 0/w. (28) 

KaR y}I{e OTMe1IaJIOCL n pa6ornx [12],[13],[15], BO BCeM rrpocTpaHCTBe 

IIO)l06HC>e 'IlICTOe COCTOJIHIIe COOTBeTCTBJeT OIIpe.n;eJieHHOH, HO opraHH-

1Iecm HeO.n;H03Ha1IHOii KBa3lI3HeprlIII W -t, hn. 
Ilepeii.n;eM TerrepL R cMemaIIHLIM cocTOJIHIDIM. HaH6oJiee o6cTOJI

TeJILHoe pemeHHe BLipa}I{aeT MaTpmzy IIJIOTHOCTH p(w, wl) rrpome.n;mero 

rrpepLIBaTeJIL ny11xa 11epe3 ero cocTOJIHHe .no TpaHccpop1.rnn;HH. B Ha

mHX o603Ha1IeH1IJIX )lJIJI 3Toro npome Bcero BLIIIIICaTL MaTpliey IIJIOT-. 

HOCTII p(x, xi) = w(x)w•(xi) B ROOp)ll!HaTHOM npe.n;cTaBJieHIIII [20]. C 

IIOMO~IO cpopMyJI TlIIIa (7) II (8) Jierxo IIOJIY'IIITL 
'\ . . 

, p(x, xi)= j j ei[(wi-w)t-ki:z:i+k:z:Jp(w, wi)dwdwl. ,. ' (29) 

.ll:JIJI ROHRpe:rHoro }I{e ~aHTOBor~:npepu1.3aTeJIJI, xapaRTepn3y:10merocJI 

Ha_6opOM R03<p<plIItHeHTOB lln H OCHOBHOii 1IaCTOTO:i!: 0, MO}I{HO pyROBO)l

CT~OBaTI.~JI cpopMyJiaMII (24) H (28). Tor.na IIplIHillIII cynepII03lIIllIH H 

pen;enT (8) .n;aroT 

\J(x,3:1) = j j dwldwpi(w,w1). E 
m,n=-oo 

a• a ei[(w1m-w,.)t-k1;,.:z:1+k,.:z:] 
m n 

3.n;ecL wlm = wl + mO, klm = k(wim)-

.(30) 

MaTpHn;a IIJIOTHOCTII Ha'IaJILHOro'• COCTOJIHIIJI o6o3Ha1IeHa 1Iepe3 

p;(w, wi). BBo.n;JI ee no.n 3HaR cyMMLI, MeHJieM TaR}I{e nopJI.n;oR onepa

ItII:i!:. IlocJie 3aMeHLI nepeMeHHHX HHTerpnpoBaHIIJI no cxeMe 

w---+ w - nO, wl ---+ wl - mO 

Bee 3TO npnno)ll!TCJI R o6meMy Bll.ZJ:Y (29). ConocTaBJIJIJI o6a BLipa}I{eHHJI 

)lJIJI p(x, xi), IIOJIY'IaeM OI{OH1IaTeJILH01: 

. " 
00 

p(w, wl) = L a:.ianp;(w - nO, wl :_ mO). (31) 
m,n=-oo 

1 lfa caMux 06111ux KBaHTOBO-MeXaHH'leCKHX coo6paJKeHHlt aapauee O'leBHJIHO, 'ITO npH J1106ux 

Tpanc<popwaum1x 11ncToe cocT011uue nepexo.nnT B 'IHcToe, a cwemauuoe - B cwemaunoe. Bn.n <popwynu 
(31) .neMOHCTpnpyeT :no 6onee KOHKpeTHo. 

10 
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' 

IloimMo Taxoro. ocHODHoro cooTHomeHHJI .npyrne ROHRp'eTHLie cpop

MyJILI; MeHee Bceo6i.eMJIIO~e n He Tax llOJIHO xapaRTeplI3YIO~e TpaHC-: 

cpopMan;mo, Moryi- oRa3aTLCJI npocTinm H y;zi;o6HLIMH B ynoTpe6JieHIIH. 
• • ' I ' 

cho oco6eHHO oTHOCHTCJI R IIJIOTHOCTH 11acnm;. 3.n;ecL He Bcer.n;a npnxo-

)ll!TCJI o6pamaTLCJI R o6me:i!: cpopMyJie (9}. IlocJie 06LI1IHoro nepexo.na 

R cMemaHHoMy cey11aro cpopMyJia (25) npHBO)llIT,- 011eBH.n;Ho, R 

1w12 ~ l/(t)l21wl1, · · v 
x~n· (32) 

0.n;HaRo, nplIHIIMaJI BO BHHMaHHe YHHBepcaJILHLm xapaRTep. 3aBHCRMO

CTlI OT ROM6HHartlIH (19), H3JIHmHe }I{eCTROe orpaHH'IeHHe Ha1paCCTOJI-

HHe Ha.no CHJITL2: . 

l~l2(r) = l/(r)l2 l'l11Hr). (33) 

.ll:JIJI .n;aJILHe:i!:mero n;eJiecoo6pa3HO BBecTH cpypLe-pa3JIO}I{eHHe H .n;JIJI 

RBa.npaTa MO.nyJIJI cpyHRn;HH MO.ZJ:YJIJIIllIII: 

00 00 

l/(t)l2 = L dµe-iµnt, dµ = L a:.iam+w (34) 
µ=-oo m=-oo 

PacCMOTplIM npo"c:TyIO, HO Ba}I{HYIO 3a.n;a1IY O TpaHccpopMaJ:Urir ~ 
crnn;noHapHoro TIIrra CCC. Ero nocToJIHHyIO IIJIOTHOCTL HOpMHpyeM 

Ha e)ll!Hmzy. llMeeM: 

. . 00 . 

1w12 = lf(r)l2 =do+ L {dµe-iµnr + ROMIIJI.conp.}. (35) 
µ=l 

ll3 cpopMyJILI (20)BH.n;HO, tJTO IIOJIY.1IaeTcJI.IIY1IOR o6m;ero THIIa C nepn-

0~11ecxo:i!: MO.ZJ:YJIJIItIIe:i!: IIJIOTHOCTH. Ilo.l(tlepRHeM, 'tJ:TO pe3yJILTaT (35) 

cnpaBe)lJIHB BHe 3aBHCHMOCTH OT. COOTH9meH1IJI BeJIH'IHH; 3HepreTH1Ie

CRO:i!: )lllcnepcHH ~w na.n;aromero ny'IRa H caTeJIJIHTHoro pacmenJiew 

0, rrpIIBHOCHMor~· RBa:HTOBHM npepLIBaTeJieM.'' Tpe6yeTCJI TOJILRO BLI

noJIHeHHe ycJionn:i!:: , 

n,~w~w. 

~9TO MOJKeT 6uTL ue snonue cnpase.nnnso, ecnli <p)'HKUHJI Mo;zyJIJl~HH ii:weeT ·.nocTaTO'I;;~ 'supa

lKeunyJO oco6euuocTL., Tor.na B ee MHlKaltmelt OKpeCTHOCTH XO.II nnoTHOCTH HeltTpOHOB o6uapy11a1BaeT 

TOHKYJO CTJlYKTYPY (xuux), .llJIJI pac11eTa KoTopolt npHXO.llHTCJI npuMeHJITh 6onee CTporue <pop:u:ynu. 

YHHBepcanbHOCTb 3aBHCHMOCTH TOJlbKO OT nepewennolt (19) a.necb,,CTporo roBOp.11, TOlKe uapymaeTCJI 

(cw. TaKlKe B cne.nyJ0111ew paa.nene). Pa6oTa [13] 6una nocsHU1eHaKoHK~TH0M)'c.nyqaio,Kor11a <pyn

KllHJI f(t) weHJ1eTCJ1 cxaqxow KalK.llue non~epno.na. 9TO .11eltcTBHTen1,uo nosnexno sa co6olt HeKoTopoe 

ycnolKHeuue BU'IHcnennlt. 
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,ll;JIJI IIOJIHO~LI RapnrnLI rrp1rne.n;eM TaK}I{e BLiqncJIJieMLie COrJiaCHO {31) 
aHeprer~ec:rurli crreKTp n q>ymu:um: Koppemrrum HqBoro ~a: 

F(~)· 00 2 E _Fi(w - mO)laml, 
m=-oo 

00 

aµ(w), = E F1(w - mO)ama~+µ, 
m=-oo · 

(36) 

Wµ-:- µO. 

(Cp. c q>opMyJio:tt (14), q>HKcnpyro:w;e:tt orrpe.n;eJieHHe 3THX xapaKTepn

CTHKi). 

,ll;JIJI 6oJiee · rroJIHoii HJIJIIOcTpainm B03Mo}I{Ho·cTeii rrponecca TpaHc

q>opMannn rrepeii.n;eM K paccMoTpeHHro rrpon3BomHoro ·rryqKa. Orpa

' HIPillMCJI BI,IqE:cJieHE:eM IIp0CTpaHCTBeHHO:fi. IIJIOTHOCTH, qTo q>ll3Hqe

CKH Han6oJiee aKTyamHo •. Y: ncxo.n;Horo rryqKa ero .qacToLI w11 , Boo6:w;e 
.:.. :.. ~ . ' 

roBopJI, HeCOH3MepHMI.I. MrHO_Be~IHaJI Kap'l:'HHa B03Hl!Ka10:w;nx IIOCJie 

TpaHcq>opMa:a;nn 6neHHii .n;aeTCJI HeCKOJII,KO rpOM03.n;KHM IIpOH3Be.n;e

HlleM: 

JWJ' . { ~ .+ EA(JjW.,·.+ ,B;e~"'•']} X {do.+ µ~I [dµe~;µnr + a;<;µn,]} . 
(37) 

Oco6I.Iii HHTepec rrpe.n;craBJIJieT ccyqaft, Kor.n;a co6cTBeHHaJI qacToTa 

rrpepLIBaTeJIJI µO OKa3I.IBaeTCJI 6JIH3KOH K O.zr;HOH E:3 ".JaCTOT Wv llCCJie

.n;yeMoro rryima; IlycTL' .n;JIJI orrpe.n;eJieHIIOCTH w11 = • w1. AHoMamHo 

,Zl;JIHHHaJI BOJIHa IIJIOTH0CTH HeftTpOHOB Me.n;JieHH0 rrpoXO.n;HT qepe3 .n;e

TeKTOp, qTo MO}I{CT 'oKa3aTLCJI BruRIII.IM ,Zl;JIJI rrpaKTE:qecKOH peaJIH3~]llill 

/3KCIIepE:MeHTa. ,ll;eiiCTBHTeJII,HO, TOr.n;a IIJIOTHOCTI, pe3ym,Tnpy10:w;ero 

rryqKa M0}I{HO ycpe,zumTI, IIO OCTaJII,HI.IM 6I.ICTpI.IM KOJie6aHHJIM, n 

< 1w12 >= do +f31dµei(w1-µ0)r + ~id;e"'"i(w{:::µn)~~. l: i. '(38) 

3.n;ec1, < 1w12 > - IIJIOTH0CTL TpaHCq>OpMnpoBaHHoro rryqxa, ycpe.n;HeH

HaJI II0 KOJie6aHIIJIM co BCeMH qacTOTaMH Wv, n ~ lw1 - µOl n KOM6H

HannoHHLIMH qac~oTa~, KpoMe Me.n;JieHHI.I:ii MO.n;LI lw1 - µOI. 
IlpocTpaHCTB~HHI.I:ii n BpeMeHHoii MacmTa6LI JIBJieHIIJI orrpe.n;eJIJIIOTCJI 

oneHKaMH 
v 

fµ ~, lw1 ;._ µOI' 
1 

tµ ~ lw1 - µn1· . (39) 
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B rrpnHnnrre, B03M0}I{H0CTH ycnJieHHJI aq>q>eKTa JIHMHTnpy10TcJI TomKo 

rrpaKTE:qecKOH TQqH0CTI,IO q>HKCHpOBaHHJI pa6oqe:ii qacTOTJ,I f2 IIpepLI

BaTeJIJI. 

" 
4. IIpocTpaHCTBeHHhle 6HeHHJI Ha 60JibillHX pac

CTOJIHHJIX 

' PacCMOTpHM BKpaTne 6oJiee TOH:rurli BOIIpoc O CBOHCTBax ~a 3a rrpe-

.n;e.iiaMII rrpnMeHIIMOCTII JIIIHeimoro rrpn6JIII}I{eHIIJI (18) n OCHOBaHHoro 

Ha 'HeM q>OpMyJI. CTporo ronopn, Ha 6om,~1mx pacCTOJIHIIJIX C0OTBeT

CTBYIOIUIIe nupameHIIJI CTaH0BJITCJI qYBcTBHTemHLIMH K HeJIHHeimocrn 

3aKona .n;HcrrepcHH k(w). B TecHoft CBJI3H c 3THM o6cTOJITemcTB<>M B03-

HHKaeT 33BIICIIMOCTI, He .TOJII,KO OT KOM61IHa1l1Ill rrepeMeHHLIX (19), HO 
' ) 

ll Herrocpe.n;crneHHO OT K00p.n;HHaTLI x. 
IloJiaraJI B q>OpMyJie (30) xi = x, rronyqaeM ,Zl;JIJI IIJIOTH0CTH rryqKa 

Il0CJie ero TpaHCq>OpMalllIII: 

1w12 = J J dwtdwpi(w, wt) . f a~anei((kn-ktm)z-(wn-Wlm)tJ.. ( 40) 
m,n=-oo 

IlpH oqeHI» xopomeft M0HoxpoMaTH3alllIH rrepnnqHoro rryqKa 

6.w ~-n (41) 

3TO BLipamenHe .n;orrycKaeT .n;amHeiimHtt aHaJIE:3. Pa3JIO}I{HM B pn.n; ia

KOH .n;HcrrepcHH kn = kJl + wy .n;o KBa.n;paTnqHLIX qJieHoB BKJIIOqn

TemHo: 

kn - Wnt ~ kx - w.t - nO (t - ~) - n2¢,(x); 
,2 

</>(x)= 8 kx. (42)· 

qJICHI.I, IIpOIIOpllHOHaJII,HI.Ie X, 3aBIICJIT, B006IIJ;e fOB0pJI, TaKme II OT 

aHeprHH._ JierKo, o,ZJ;HaKo, y6e.n;HTI»CJI, qTo B HameM ccyqae 3Ta 3aBiI

CHM0CTI» He cy:w;ecrneHHa. 3HaK cpe.n;Hero Ha.n; BOJIHOBLIM qncJIOM n 
. ',' ' '· ' ' 

.n;pyrHMII xapaKTeplICTIIKaMII HeftTpOHOB, rra.n;aro:w;nx Ha rrpepLIBaTem, 

HII}I{e IIHCaTI, He 6y.neM. 

,ll;JIJI ncxo.n;Horo rryqKa rroJiaraeM rrpocTeiimee: 

Pi(w,wt) = Fi(w)6(wt - w), j Fi(w)dw = 1. (43) 
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11HTerpnpoBaHIIJI II0 3HeprHH in>IIIOJIHJIIOTCJI B 3aMRHYT0M BII,Zl;e: 

-- 00 1w12 '.::'. E a:nane-i(n-m)Or e-i(n2-m2)¢(z). (44) 
m,n=-oo 

3aMeHJIJI 3aTeM 0.LUIH H3 mmeRC0B no cxeMe n - m = µ, rro.rryt:JaeM 

oRoHt:JaTemHo: 

00 

1w12 '.::'. E Dµ(x)e-iµOr, 
• 2 00 

Dµ(x) = e-,µ ¢ E . ' . amam+ e-12µmtp µ • 
µ=-oo -m=-oo 

(45) 
CpaBHeHHe C q>OpMyJiaMH (34) H (35) .n;eM0HCTpnpyeT H3BecTnyIO 

' ' 

CJI0.>KH0CTb yTot:JHeHH0ii RapTHHH rrpocTpaHcTBeHm.IX 6neHnii. OTHO-

cnTe.11hH0 MeJIRoMaCIIITa6HaJI CTPYRTypa IIJI0TH0CTH, 3aBHCJIIIJ;aJI T0JII,R0 

OT r, .n;orroJIHnTemHo Mo.n;yJIHpyeTcJI Me,nJieHHo, MeHJIIOIIJ;HMCJI q>aRTO

poM. BoJIHI,I ,Zl;JIHHHOMaCIIITa6,Hoii M0.ZJ;yJIJID;HH D µ ( x) He TpaHCJIHpyIOTCJI 

B,Zl;0JII, rryt:JRa, a ocTaIOTCJI HeII0,ZJ;BlI.>KHI,IMH. 

?TH ,Zl;JIHHHHe B0JIHl,I o6Jia.n;aIOT q>HRCHpoBaHHOii rrpocTpaHCTBeHHOii 

rrepH0,lUilIH0CTI,IO. Ha paCCT0JIHHH B03BpaTa 

L _ 167r 1,2 
-~k~_!:_~f 'Y A C 

(fc ~ ~) (46) 

MeJIRaJI T-CTPYRTypa IIJI0TH0CTH B0CCTaHaBJIHBaeTCJI II0JIH0CTI,IO B rrpe.iR

HeM BII,Zl;e. <I>opMyJia .iRe (35) H aHaJiorHlIHHe crrpaBe.n;JIHBH npn x ~ L. 
qHCTO npocTpaHCTBeHHaJI B0JIHa Dµ M0.iReT 6HTI, TaR)l{e BHpa.iReHa n 

He~ocpe.n;crBeHH0 l!epe3. 'q>yHRD;HIO M0.ZJ;yJIJID;HH npep1,1BaTeJIJI. C II0-

M0IIJ;I,IO o6paTHOrO q>yp1,e~rrpeo6pa30BaHHJI (27) 6e3 oco6oro Tpy.n;a Ha

X0,LUIM: 
-iµ2¢ 21r 

Dµ(x) = e 
2

1r j f(x)f*(x - 2µ¢,)eiµxdx, 
0 

r.n;e x = Ot - 6e3pa3MepHM nepeMeHHaJI HHTerpnpOBaHHJI. 

(47) 

BneHHJI Ha 6omIIIHX pacCT0JIHHJIX IIplI,Zl;aIOT CBoeo6pa3HI,Iit xapaR

Tep npe.n;emHoMy c.rry~aro TpaHcq>opMaD;HH c n0Mom;1,ro li.n;eamHoro 

q>a3oBoro M0.ZJ;yJIJIT0pa. OH Cl!HTaeTcJI · cBo6o,ZJ;HI,IM OT n0Tep1, ·. ( cp. c 

q>OpMyJiaMH (25),(26)) n MeHJieT T0JII,R0 q>a3y MOHOXpoMaTIPieCROii B0JI-

HI,I 6e3 yMeHbIIIeHHJI HHTeHCHBHOCTH: · 

f = eiy(x) 
' lf(x)l2 = 1 = const. 

14 

(48) 

OTMeTHM, l!T0 ,Zl;JIJI 0l!eHI, X0JI0,ZJ;Hl,IX HeiiTpOHOB 3q>q>eRTHBHOe rrpn6mr

.iReHHe R no.n;o6HoMy rrpe.n;e.rry M0.iReT 61,1T1, cBJI3aHo c· orrpe.n;eJieHHI,IM 

06cTOJ1TeJII,CTBOM. CorJiaCHO o6meH3BeCTHOH RBaHTOBO-MexameCRo:ii 

q>OpMyJie, Bmue II0TeHI~ml./IbH0ro 6apbepa HCJIOJII,3yeMoro Bem;eCTBa· R0-

3q>q>HD;HeHT OTpa.iReHHJI HeiiTpOHOB 6HCTpo na.n;aeT C 3Heprneii. no.:. 

Tepn Ha IIOrJIOIIJ;eHHe TaR.iRe · MoryT 61,1TI, CBe.n;eHH R MmmMyMy nyTeM 

B1,16opa MaTepHaJIOB C ,Zl;OCTaTOlIHO.HII3RHM cetieHHeM·3aXBaTa. 

Henocpe.n;cTBeHHo 3a ycTpo:ttcTBOM ( x ~ L) IIJIOTHOCTi. ny-qRa no

CTOJIHHa Dµ '.:::'. dµ = bµo, RaR 6y.n;TO MO.ZJ;yJIJITop Ha Hero Boo6m;e. He 

IIOBJIHJIJI. 11HTepeCHO OTMeTHTI,', l!TO no.n;o6Horo BJIHJIHIDi He BH.n;H0 He 

TOJII,RO npn· x !:::'. L, HO n npn x !:::'. ½- 3aTO, HaIIpHMep, n ORpeCTHOCTH 

X,!:::'. ¼ o6Hapy.iRHBaeTCJI pa3BHTaJI CHCTeMao6:Lil!H1iIX T-BOJIH MO.ZJ;yJIJID;HH 

IIJIOTHOCTH C Hel!eTHHM~ µ ( 3TO o6cTOJITeJII,CTDO .. RpaTRO OTMel!aJIOCI, 

B [22]): 
I -- 00 

1w12 ~ 1 + E D2s-1e-i(2s-I)nr, 
s=-oo 

,· . 21r ' ' ' . 

D l J f( .)f*(. + ) i(2s-I)xd ' 2s-l = -2. X X 7r e X, 
r 7rZ 0 

{49) 

L L 
Ix- 41 ~ 4: 

TaRHM o6pa30M, ycTpOHCTBO ( 48) .n;eiiCTDHTeJII»HO 'reHepnpyeT IIyl!OR 

o6m;ero THIIa, RorepeHTHI,Ie CBO:tiCTBa ROToporo ,Zl;HRTYI0'.1'.CJI, rJiaBHI,IM 

o6pa30M1 CaTeJIJIHTHHM pacm;eIIJieHHeM fl. O.n;HaRO Henocpe,Zl;CTBeHHO 

Ha IIJIOTHOCTH l!aCTHD; 3TO CRa3IJBaeTCJI B , .n;aHHOM CJIYl!ae TOJil»RO Ha 

.n;ocTaTol!HO 6omIIIHX paccTOJIHHJIX OT RDaHTOBoro M0.ZJ;yJIJITopa. 

5. 06cym,neHue 
),:,-, 

O6cy.n;nM RpaTRO ,Zl;OIIOJIHHTemHoe BJIHJIHHe MarHHTHI,IX CBO:il:CTB IIO

JIJipH30BaHHl,IX HettTpOHOB. Hx HCIIOJil»30BaHne cnoco6Ho paCIIIHpHTI» 

3RCIIepHMeHTaJII,HI,Ie B03MO.iRHOCTH npoBepRH paCCMOTpeHm.IX Bmue 3q>

q>eRTOB. IlpOHJIJIIOCTpHpyeM 3TO HeROTOpHMH IIpOCTI,IMH on;eHRaMH. 

B q>eppoManm;ni:oM MaTepiraJie R cpe.n;HeMy JI,ZJ;epHoMy no:remina.rry 

.n;o6aBJIJieTcJI eme_MarHHTHM 3HeprHJI ±µB[3B] !::::'._6·1_Q-12B [rcJ.:Ilpn 
•• :, • . , • • ' .t-' ' ' '" : -; ; ''. • ' ' . • ~ 
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I:IH,ZzyRIUm B HeCK0JII,K0 rumoraycc MarHHTHM ,no6aBKa K IIOTemurany 
yi«e 3aM~THa. 't.facToTa 11epeMarmPmBamm f2/21r = IO Mr~= 107 c-1 

,naeT lifl ~ 4 · 10-8aB, 'llT0 TaIOKe BI:ITJIJI,ZUIT peaJmCTH'llH0. 
Ha 3TOM 11pnHxumP. MO)l{eT 6LIT1, OCHOBaHO HeCTaIU:IOHapHoe MarHHT

noe ycTpoiicTB0 - M0.LzyJIJITop [15],[22]. B cJiy1Iae n,neam,Horo q>a3onoro 
M0.LzyJIJIT0pa oco6eHHO Ba)l{H0 cpaBHHTL .wnmy KorepeHTH0CTll f. c = v /fl 
( CM. TaIOKe ( 41)) C ero paCCT0JIHHeM B03BpaTa. ,ll;JIJI ym,TpaX0JI0.n;HLIX 
nettTpOHOB ( V ~ !OM/ c, 1 ,..; 8 . 10-2 ~ 1) 0HH pa3JIH'llaIOTCJI Ha .nna 110-
pJI,ZJ;I{a. 9TO 03Ha1IaeT, 'llT0 Ha paCCT0JIHHH L/4 ~ 1,3 ,,10-3 CM OT KBaH
T0Boro M0.LzyJIJITopa y)l{e · B03HHKaeT cym;eCTBeHHM M0.LzyJIJIUIDI IIJI0TH0-
CTll ny'llKa. PellL n,neT, TaKHM o6pa30M, 0 paccTOJIHHJIX Tlllla ,neCJITKOB 

MHKp0H .. lls-sa Ky6tt1IecKo:ir saBHCHr:rocTH L OT cKop,ocTn aTo paccToJIHne 
M0)l{eT 6LITL cym;ecrne11110 yneJm1Ie110 11pn 11epexo.ne K 01Ie111, xoJI0.l{HLIM 
11eiiTpoHaM (v ~ 50 M/c). 

't.!To )Ke KacaeTCJI no11poca o noccTa11onJieHHH MaTpHULI IIJI0THocTn. 
nyqKa 110 ,naHllliIM OIILITa, TO, 110-BH,l{HMOMY, em;e pa110 Cy;D;HTL, 11pe,n

CTaBJIJieT Jill 3Ta ,nnarH0CTll'lleCRM .11po6JieMa ,neii:CTBHTem,110 aRTyam,
IILili q>ll3ll'lleCRHii: muepcc m~ OHa HOCHT HeCl{QJII,l{O aRa,neMH'llecmii 

xapaRTep. CKopee ncero, 11po6JieMa n 11pn11un11e pa3penrnMa 11yTeM 
110,n6opa Ha]lJie)l{am;eii RoM6nmiunn M0.LzyJIJITopon, JIHKBH,nHpyrom;eii nee 
'llaCTOTI.I Wv > 0 llCCJie.zzyeMoro IIYllKa, TO eCTL llpllBO,nJIW:eH ero K llpO

CTeHIIIeMy TllllY ccc.,, 
9TOT pe3ym,Tnpy10m;IIR IIYll0R CTauno11apeH, 11poc-:rpallCTBeHHO 0,l{H0-

po,nen 11a nceM cnoeM 11pqTJI)l{e11nn n, rpy6o ronopJI, npe,ncTanJIJieT co-
6oii l{aK 6LI BaRyyM B0JIH M0.lzyJIJIUllll IIJIOTHOCTn.' O.l{HaRo, KaK 0TMe'lla
JIOCL BO nne,neHHn, JlJIJI Ol{OH'llaTeJII,HOro ycTaHOBJieHHJI ero a11epreTH

'lleCR0ro ClleRTpa F(w) 0IIJITL-TaRll IIOTpe6yIOTCJI Hen36e)l{HLie ClleRTp0-
MeTpll'llecme H3MepeHHJI, 6e3 1Iero 3a,na1Ia 3aMRHyTa 6LITL 11e Mo)l{eT. 

HacTOJIW:.M pa6oTa BLIII0JIHeHa 11pn 110,n.nep)l{l{e Me)l{.Lzy11apo.l{Horo 
HaY1IHoro q>OH,na (rpaHT No RFHOOO). 

JlHTepaTypa 

[1] H.Maier-Leibnitz and T.Springer,Z.Phys.167 (1962) 386: 

· [2] H.Rauch, W.Treimer, U.Bonse, Phys.Lett.A 47(1974) 369. 

16 

[3] A.Zeilinger, R.Gailer; C.G.Shull, \V.Treimer and W.Marripe, 
1:lev.Mod.Phys 60 (1988) 1067. 

[4], Neutron Interferometry. U.Bonse, H.Rauch (eds.) (Clarendon 
Press, Oxford, 1979). 

[5] Stenhauser K.-A, Steyer! A, Schehenchofer H. Phys.Rev.Lett. 44 
(1980) 1306/ • 

· [6] TloROTHJIOBCRllll IO.H.,Hon611om,n;en M.M. 
Ilpe11pn11T OMJII1 P3-81-828, ,l{y6mi, 1981. 

[7] M.I.Novopoltsev, Y.N.Panin, Y.N.Pokotilivskii et al. 
Z.Phys.B, 10· (198~) 190. 

[8] Steyer! A., Drexel W., Malik S.S., Gutsmiedl E. Physica B, 151 
(1988) 36. 

[9] M.Moshinsky, Phys.Rev., 88 (1952) 625. 

[10] A.C.I'epacnMon, M.B.KasapHOBCKHH, )R9T<I>, 71 (1976) 1700. 

[11] J.Felber, G.Muller, R.Gahler, R.Golub, Physica B, 162 (1990) 
191. 

[12] B.I'.Hocon, A.I1.<I>pa11R,B c6: VI Me)l{.Lzyllapo.l{HM IIIK0Jia 110 11ett
Tpo1111oii q>ll3HRe (AJiymTa, 1990) 1, 313. ,l{y611a, 1991. 

[13] V.G.Nosov, A.I.Frank, J.Mosc.Phys.Soc. 1 (1~91) 1. 

[14] A.I.Frank, D.B.Amandzolova. Neutron Quantum Refraction, 
JINR E3-93-418, Dubna, 1993. 

[15] A.M.<I>paHR, B.r.HocoB. Jl,nepHM qJH3HKa 57 (1994) 1029. 

[16] J.Felber, R.Gahler. In: F))e Martini, A.Zeilinger (Eds.) Quan
tum Interferometry, World Scientific, Singapore, 1993. (in press) 

[17] A.G.Klein, G.I.Opat and W.A.Hamilton. Phys.Rev.Lett.; 50 
(1983) 563. . . 

[18] H.J.Bernstein and F.E.Low. Phys.Rev.Lett., 59 (1987) 951. 

17 



[19] R.Golub and S.K.Lamoreux. Phys.Lett.A, 162 (1992) 122. 

[20] JI.,LJ;.Jlaimay, E.M.JI:mpnnm;. RBaHTOBM Mexamma. M.: HayKa, 
1974. 

[21] JI.,l(.Jlaimay, E.M.Jlnq>IIIHI(. CTaTncTn11ecKM q:>nJHKa, 11acT1, 1. 
M.: HayKa, 1976. · 

[22] Proceedings of the conference "Fundamental Problems in Quan-
tum Theory", Baltimore, June 18-22. To be publ. in: Annals 
New York Academy Science. 

Py1<0nnd, noCTynHJia B H3.ziaTeJihCKHH ~'AeJI 

17 HOSI6pSI 1994 l"O'A3, 

18 

'·, 


