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1. 13:se~eHHe 

B µ;aHHoi'I pa6oTe ::m.ocHoBy 6epeTc.ll npeµ;cTam1em1e o pearrbHOM cy~ecTBo
.,BaHIIII BonHoBoi'I <f>ym::a;IDI II 'IaCTIID;bl B µ;yxe JI. µ;e BpoIIll.l[ [1 ]. Ho B oTnII

,, 'Ille OT µ;e BpOilll.l[ II ero. CTOpOHHIIKOB (cM., HanpIIMep, MOHorpa<pIDI [2, 31) 
µ;enaeTC.ll npeµ;nonO)KeHIIe, 'ITO BOlIHOBaJI <pyHKD;II.ll eCTb KnacCII'IeCKOe none, 
KOTopoe npIIcy~e BCeM MaTepIIanbHblM 06'beKTaM II OTnII'IaeTC.l[ KaK OT aneK
'TpOMarHIITHOro, TaK 11 OT rpaBIITaD;IIOHHoro nonei'I. licTO'IHIIKOM_aToro non.ll 
_.l[Bll.l[eTC.l[ TO'Ie'IHaJI 'IaCTII:a;a, µ;BII)KeHIIe KOTOpoi'I onpeµ;ell.l[eTC.ll BOaIIMoµ;ei'I
CTBlleM ee IIOll.l[ c oKpy)KaIO~IIMII o6'beKTaMII, a KOH<pIIrypa:a;II.ll IIOll.l[ onpe
µ;ell.l[eTC.ll µ;BJI)KeHIIeM 'IaCTIID;bl II pacnono)KeHIIeM o6'beKTOB. 

Ilo-BIIµ;IIMOMY, Taimi'I BapIIaHT y)Ke pacd.rnTpIIBalIC.ll paHee. HanpIIMep, 
B KHIIre. M;A.MapKOBa [4] (cTp. 81) IIp.llMO roBOpIITC.ll: "tµ-<pyHKD;IIII nep
BOe-npeM.ll IIblTanIICb IIpIIµ;aTb CMblCn HeKoero <pIIOII'IeCKOrO ITOn.ll D KaKOII
TO, MO~eT 6b1Tb O'IeHb µ;aneKOII, aHanorIIII c II0DeCTHbl}.ill non.llMII, CKa)KeM, 
TIIIIa aneKTpOMarHIITHOro." Oµ;HaKO y6eµ;IITenbHblX DOOpa)KeHIIII npOTIIB Ta
KOH IIHTepnpeTaD;IIII He IIpIIBoµ;IITC.ll . 
. . -IlpII non:enoi'I IIHTepnpeTa:a;IIll BO0M0)KHO oµ;HoBpeMeHH0 OXBaTIITb II Bon

.. HOBble II KOpnyceyll.l[pHble CBOHCTBa 'IaCTIID;. HanpIIMep, KaK OTMe'Ian JI. 
µ;e 'Bpoiinb, IIpII IIHTep<pepeH:a;IIII Ha µ;Byx OTBepCTiliIX 'IaCTII:a;a npoxoµ;IIT 

. ·TOnbKO 'Iepeo oµ;Ho II0 HIIX, HO HanII'IRe .BToporo CKa0blBaeTC.ll Ha •D0aIIMO-
µ;ei'IcTBIIII nonJI 'IaCTIID;bl C aKpaH0M, 'ITO II npIIBoµ;IIT K BO0HIIKHODeHIIIO IIH
TepcpepeH:a;IIOHHOII KapTIIHbl. 

Iloµ;o6Horo poµ;a IlHTepc{>epeH:a;II.ll cy~ecTByeT II B KnaccII'IecKoi'I MexaHIIKe 
arreKTpoHa, noauMoµ;ei'IcTByro~ero c aKpaHoM 'Iepeo nocpeµ;cTB0 co6cTBeH-

. -~ Horo aneKTpII'IecKo_ro non.ll. PaoyMeeTc.ll, B cny'Iae aneKTpII'IecKoro ·noll.l[, 
onIICblBaeMoro CKan.llpHblM Il0TeH:a;IIalIOM, KOTOpbl:ii He coµ;ep)KIIT napaMeTpa, 
aKBIIBaneHTHOro µ;nIIHe DOnHbl, IIH'l'epc{>epeHD;II.ll He IIMeeT BIIµ;a µ;11c{>paKD;IIOH
HOH KapTilHbl. Taxyro KapTIIHY M0)KH0 nony'IIITb TOnbKO C noMO~bIO IlOll.l[ 
TIIlla nonHoBoii cpyHKD;IIII. Ho aHanorn.ll noKaoblBaeT, 'ITO Me)Kµ;y aneKTpoMa-

. rHIITHblM noneM II nonHOBOII. cf>YHK:a;IIe:ii HeT npIIH:a;IIllIIallbHblX paonn'IIIII . 
. =Ecnn 'IaCTII:a;a .llBll.l[eTC.ll IICTO'IHIIKOM noll.l[, To, µ;a)Ke n cny'Iae cno6oµ;Horo 

-µ;BII)KeHII.ll, none µ;on)KH0 0TnII'IaTbC.l[ OT 6eCKOHe'IHOll nnoCKOH DOnHbl, OHO 
µ;on)KHO npeµ;cTaBll.l[TbC.ll naKeToM nonH, KOTOpbl:ii npIIcy~ caMoii 'IaCTII:a;e 

.. II He MO)KeT pacnnblBaTbC.l[ co DpeMCHCM. EcTeCTBeHHo, 'ITO l];ll.ll npoBepKII 
aToro npeµ;nono)KeHII.ll Heo6xop;IIMo yKaoaTb cnoco6, c n0Mo~1,10 KOToporo 
M02KHO IICcneµ;oBaTb pacnpeµ;eneHIIe IlOll.ll 0KOlIO 'IaCTII:a;bl, IInII, IIHblMII cno

. BaMII, IIccneµ;oBaTb CTpyKTypy ee BOnHOBoro IlaKCTa. 
Hepacnnb1Ba10~11:iic.ll BOnHoBoii naKeT He npoTIIBope'IIIT annapaTy o6~e

npIIH.llTon: TeopIIII. 3To noKaoaH6 BO DTopoM·paoµ;ene µ;aHHOII pa6oTbl, rµ;e 



rrpep;cTaBJJeH op;IIH II3 Bo3MO)KHhlX crroco6on rrocTpoemrn Hepacmn,marorne

roc.ll rraKeTa n KBaHTOBOil MexamIKe. B JIIIHeHHOil TeopIIII MO)KHO IIOCTpOIITb 

6eCKOHe'IHOe MHO)KeCTBO rraKeTOB ( IIHhlMII CJIOBaMII, COJIIITOHOB)' 0 6rra;u;aro

InIIX CaMhlMII pa3HhlMII CBOHCTBa:r-.m. Ilo;u;o6Horo po;u;a rraKeTbl fihlJIII Imne

CTHhl JI. ;u;e Bpoiirrro [1), HO OH C'IIITaJI 6orree Ba)KHhlMII CIIHrymipHhle pe

IIIeHII.ll ypaimeHIIH illpep;IIHrepa, OTO)Kp;eCTBIIB IIMeHHO C CIIHryrr.apHOCTbIO 

IIOJIO)KeHIIe 'IaCTIID;hl BHYTPII BOJIHhl. 

C TO'IKII apeHII.ll 06rnenpIIH.llToii TeopHII HecJIHryrr.apHhle corrIITOHhl 06-

rra;u;aroT TeM Hep;oCTaTKOM, 'ITO OHII HeHOpMIIpyeMhl. HeHopMIIpyeMOCTb ;u;eii

CTBIITeJibHO .llBJI.lleTC.ll Hep;ocTaTKOM, eCJIII IIpIIp;ep)KIIBaTbC.ll IIHTepnpeTaQIIII, 

'ITO BOJIHOBa.ll q>JHKQII.ll eCTb aMIIJIIITyp;a nepO.llTHOCTII rrpefihlBaHII.ll 'IaCTIIQbl 

B TOM JIJIII IIHOM MCCTe. EcrrII )KC npIIµ;ep)KIIBaTbC.ll rrorreBoii IIHTeprrpeTaQIIII, 

TO 0TOT nopoK He BCJIIIK, KaK He.BelIIIK OH B CJIJ'Iae GJICKTpOMarHIITHOrO IIJIII 

rpaBIITaQIIOHHoro norreii, KOTOphle B KJiaCCII'ICCKOil GJICKTpOp;IIHaMIIKC II Teo

pIIII rpaBIITaQmi HbIOTOHa TO)Ke HCHOpMIIpyeMbl. KpoMe Toro, ;D;JI.ll II3J'ICHII.ll 

MHO)KCCTBa rrpoQeCCOB, CBJmaHHbIX C pacce.llHIICM, HOpMIIpyeMOCTb TO)Ke HC

o6.a3aTCJibHa, KaK Heo6.a3aTCJibHa OHa rrpII OIIIICaHIIII IIpOQCCCOB paccC.llHII.ll 

C IIOMOinbIO IIJIOCKIIX BOJIH .. 

, IIorreBoii IIHTeprrpeT~IIII He rrpoTIIBope'IIIT II HopMIIpyeMhlH rraKeT. O;u;
HaKo, 'IT06hl coap;aTb HepacrrrrhlBarornII:u:c.ll HOpMIIpyeMhlH rraKeT, mio6xo

;D;IIMO BDO;D;IITb HOBhle 0JICMCHTbl B o6rnerrpIIH.llTJIO TeOpIIIO, T.C. Heo6xop;IIMO 

BBO;D;IITb IICTO'IHIIK IIOJIJI. ,Il;rr.ll CB06op;HOH -qacTII~, KaK IIOKa3aHO B paa;u;erre 3, 
· 0TO HC npep;cTaBJIJICT Tpyp;HOCTeii, IIOCKOJibKY IIOCTpoeHIIe rraKeTa ( CIIHrJlIJip

Horo peIIICHII.ll IIO JI. ;u;e BpoiiJIIO) B 0TOM crry-qae 0KBIIBaJICHTHO HaXO)K;D;CHIIIO 

ofihl'IHOH q>JHKQIIII fpIIHa n p;BII)Kyrne:u:cJI cIIcTeMe Koop;u;1maT. CIIHryrr.llpHoe 

perneHIIC B crry-qae CBo6op;Hoii -qacTII~ MO)KHO IIOJIJ'IIITb II 6e3 BBep;CHIIJI 

IlCTO'IHIIKa, HO Tor;u;a HJ)KHO BBOp;IITb CIIHryrr.apeyro HCJIIIHe:U:HOCTb. 

. Op;Ho II3 Boapa)KCHIIH npoTIIB norreno:u: IIHTepnpeTaQIIII cocTOIIT B TOM, 

'ITO KJiaCCII'ICCKOC IIOJIC" ;D;OJI)KHO fihlTb ;u;eii:cTBIITCJII,HhlM, Tor;u;a KaK BOJIHO

Ba.ll q>yHKQIIJI .llBJIJieTC.ll KOMIIJICKCHOH. 0TBCTOM Ha GTO B03pa)KCHIIC MO)KCT 

fihlTb rrpeµ;cTanrreHne BOJIHOBOH q>JHKQIIII n BIIp;e COBOKJIIHOCTII ;D;BYX OCQIIJI

lIIIpyrornIIX BO BpCMeHII BernecTBeHHhlX norreii:, C;D;BIIHJTbIX IIO q>a3e Ha 7r /2 

IIO OTHOIIICHIIIO ;u;pyr K ;u;pyry. 

IIorreBa.a IIHTeprrpeTa~.a II03BOJIJICT OIIIICaTh ;D;BII)KeHIIe caMOil "iaCTII~ B 

·pC3JJibTaTe ee B3aIIMOp;eii:cTBII.ll C OKpy)KaIOinIIMII ofrbeKTaMII. B HaCTo.arneii 

pa6oTe (B paa;u;erre 4) paCCMOTpeHO TOJihKO op;HOMepHoe OTpa)KeHIIe II nporry

CKaHIIe IIOTeH~aJihHhlX 6aphepoB: Op;HaKO y)Ke 3p;CCh y;u;aeTC.ll npeµ;cTaBIITh 

TaKOH MhlCJICHHhllI 0KCIIepIIMCHT, KOTOphlll IIO~BOJIJieT OT'IaCTII npoaHaJIII3II

poBaTh DOJIHOBOH COCTan KBaHTOBoro rraKeTa. 

_·):!'':tf~~it <:2~t<•~t:-i.;;.~.;.~:",.:· 
··;. J~f-~r;~:~·~~:-..-.~ ~ ... :'l~~:r; ~-

~ffj_~;· l~ ~"-:\ /-';, 

B rrpIIJIO)KeHmI paCCMOTpCHhl D03MO)KHhlC BapnaHThl o6o6rneHil.ll Ha. crry

'Iall cmrnopHoii: cno6oµ;Hoii -qacTIIQhl. 

·· 2. HepacIIJibIBaIOIQHec.s: rraKeTbI B HepeJI.S:THBHCTCKOH 
u 

KBaHTOBOH MexaHHKe 

Op;Ho na xoporno nanecTHhlX cTaQIIOHapHhlX perneHnii ypanHeHII.ll illpep;IIH

repa p;rr.ll cno 6oµ;Hoii: cKamrpHoii 'IaCTIIQhl 

(i8/8t+~/2)1/J(r,t) =0, {1) 

r;u;c t Il3MCpJICTC.ll B e;u;nm~ax h/m, m - Macca 'IaCTII~, IIMCCT Bnp;: 

1/J( r, t) = io( sr) exp(-is2t/2), {2) 

r;u;e io( sr) - cq>epu'IecKa.a ~YHKQIIJI Beccerr.a: 

io(x) = sin(x)/x. 

By;u;eM C'IIITaTb, 'ITO perneHIIC (2), rrpep;cTaBJIJIIOinCC co6oii: CTO.ll'IJIO cq>e

pII'ICCKII CIIMMeTpII'IHyIO BOJIHY' OIIIICbIBaCT op;Hy HepaCIIJihlBaIOrnyIOc.ll no

KOJirnJIOC.ll 'IaCTIIQy. CIIcTeMy Koop;u;1maT, B KOTOpoii pernem1e IIpIIBO;D;IITC.ll 

K BIIp;y (2), 6yp;eM Ha3hlBaTb co6cTDCHHOII II o6o3Ha'IaTb IIHp;eKCOM 0. 
IIepe:u:p;eM B CIICTCMY OTC'ICTa, ;D;BII)KJrnJIOCJI n OTpIIQaTCJibHOM Harrpanrre

- HIIII OCII X CO CKOpOCTbIO v: . 
x =xo +vt. 

B 0TOII CIICTeMe OTC'IeTa rrpoII3DO;D;Hhle, nxo;u;.arnIIe B ypanHCHIIe illpep;IIHrepa, 

npeo6paay10Tc.ll 

8.,o ---+ a.,, 8w ---+ a, + va.,, 
II ypaBHeHHe (1) rrp1106peTaCT Blip; 

(i8/8t + ivv + ~/2)1/J(ro, t) = 0. 

IIpep;cTaBIIM DOJIHOBJIO q>JHKQIIIO (2) crre;u;:r10rnnM o6paaoM: 

1/J(ro, t) .= exp(-ivr + iv2
t/2)'iJ!(r, t), 

-ror;u;a p;JIJI 'iJ! norry'IIIM ypanHem1e (1 ): 

(i8/8t + tl./2)\J!(r, t) = 0. 

(3) 

(4) 

(5) 

BoJIHOBa.ll q>JHKQII.ll w(r, t) OililChlBaeT ;D;BII)KCHIIC HepaCilJihlBarorncroc.ll DOJI

HOBOro IlaKCTa 

w(r, t) = exp(ivr - i~2t/2)'1j;(r, t) = exp(ivr - iwt)j0(slr -vfl), (6) 

3 
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B Hanpanrremm OCII X co CKOpOCTLIO v. illnpIIHa naxeTa xapaxTepimyeTCJI 
napaMeTpoM s, aero :meprIIK 

w = (v2 + s2)/2 

COCTOIIT II:J µ;nyx qacTeii. Oµ;na ( v2 /2) OTHOCilTCJI K KilHeTn'IeCKOil, a µ;pyras: 
(s2/2) np:uxoµ;nTcJI Ha yµ;ep)KaHHe naxeTa KaK n;erroro, T.e. Ha yµ;ep)KaHne cro 
·OT pacmILIBaHIIJI . 

IlocxorrLKY c<J>epnqccxas: q>yHKD;IDI BecceJIJI npeµ;cTanJIJieTCJI IIHTerparroM 
. <l>ypLe 

io(x) = j exp(ipx)8(p2 
- s2) d3p/21r, 

TO BOJIHOBas: q>yHKD;IDl (6) npeµ;cTaBJIJieTC.lI IlHTerpaJIOM 

exp(ivr - iwt)j0(slr -vtl) = j exp[i(v + p)(r -vt) - i0t]8(p2 - s2 ) d3p/21rs, 

rµ;e O = (s2 - v2)/2, IIJIII HHTerparroM 

exp(ivr-iwt)j0(slr-vtl) = j exp(ipr - ip2t/2)8((p -v)2 - s2) d3p/21rs .. (7) 

OTcroµ;a CJiep;yeT, 'ITO ClleKTp TaKOrO naKeTa B IlMIIYllbCHOM IlpOCTpaHCTBC . 
npeµ;cTanJIJieTC.lI n BIIµ;e 6yJiaBKII p;lIIIHOIO v co cq>epnqecxoii rOlIOBKOll pap;IIyca 
s •. 

IlocTpoeHHLiii naxeT xnaµ;paTII'IHO HeIIHTerpIIpyeM. B xaqecTne HOpMII
pono'!Hoii IlOCTO.lIHHOll MO)KHO, HanpIIMep, npIIH.lITb aMilllIITyµ;y B MaKCIIMyMe 
IIJIII :JHa'IeHIIe IIHTerparra 

21r 21r 2 
41r j -2( ) 2 d 41r j · 2( ) d 1r s2 JO X X X = s2 SID. X X = s2' 

0 0 

Bcrreµ;cTnn:e HeHopMIIpyeMocTII He onpeµ;erreHa II cpep;H.lI.lI npoTJI)KCHHOCTb 
naxeTa, II IIOTOMY HIIKaKIIX IIpOTIIBOpe'III:U: C COOTHOUICHlICM HCOIIpeµ;errcH

HOCTII ra:u::JeH6epra RC BO:JHIIKaCT ( b.x2 = oo). Op;HaKO IIpII 3TOM MO)KHO 
BBCCTII IIHLie, 'ICM n o6LI'IHO:U: KBaHTODOH MCXaHIIKe, IlOH.lITIIJI KOOpp;IIHaTbl 
II IIMIIYllLCa qacTIID;hl, KOTOphle MoryT oµ;HoBpCMCHHO IIMCTb CTporo 011peµ;e
l1CHHLIC :JHa'ICHIIJI. HaIIpIIMep, B Ka'IeCTBC IIOJIO)KCHII.lI 'IaCTIID;bl MO)KHO IIpII

H.lITb IIOJIO)KCHIIe MaKCIIMyMa D0JIH0BOrO IlaKCTa, a B Ka'ICCTBe IIMnyrr1>ca. -

o6LI'IHLiii IIM11yrr1,c, CB.lI:JaHHLiii c·o CKopoCTbIO v. BnecTII 3TII nerrII'IIIHbI 110-
:JBOJIJieT CKpbITblll 11apaMeTp, KOT0phlM D µ;aHHOM crryqae .lIBll.lICTC.lI s. 

3aMCTIIM, 'ITO CClllI B C0OTBCTCTBHII C 11oµ;xoµ;oM µ;e Bpo:U:JIJI [1] II BoMa 

[5] rrpeµ;CTaBIITb BOJIH0BYIO q>yHKD;IIIO (6) n nnµ;e 

w(r, t) = R(r, t) exp(iS/n), 

4 

rµ;e R II s - nern;eCTDCHHLIC <PYHKD;IIII, TO norry'IaIOTC.lI xoporno II:JBCCTHhle 

ypanHeHII.lI HeIIpepLIDHOCTll II I'aMIIIT1>ToHa-5I K06II: , 

8p/8t + "v(p,S/m) = 0, p = R 2 

as/at+ ('1S)2 /2m + V + Q = 0, 

D KOTOpbIX Q - KDaHTODblII IlOTCHD;IIarr, paBHbIII D µ;aHHOM crryqae 

Q = (b.R)/R = -s2
• 

TaKIIM o6pa30M, B 3TOM crryqae KBaHTOBhlll IIOTCHD;IIall IIOCTO.lIHCH II B npo

CTpaHCTDC II no npeMCHII, II MO)KHO C'IIITaTb, 'ITO OH 011peµ;ell.lICTC.lI B:JliIIMO

µ;ei'rcTBIICM 'IaCTIID;bl C naKyyMoM. 
II011yqeHHblll TaKIIM o6pa:JOM IIaKeT, mm COJIIITOH, cq>epII'ICCKII ClIMMC

TplP-ICH. OTHOCIITCllbHO c~oero n;eHTpa. O'ICDIIµ;Ho, 'ITO· Il:JlIO)KCHHM rrpon;e
µ;ypa 110:JDOJI.lICT 11orry'IIIT1> comITOHl>I II c µ;pyrIIMII ClIMMeTpn:iiHI>IMII cnorr

cTnaMII, CClIII n Ka'ICCTBC per.µeHII.lI ypaBHCHII.lI (1) D:J.lITb 

i,(sr)Yr( t?, cp), 

rµ;e Y;m( t?, cp) - rnaponM q>yHKTI;II.lI. . 
D KnaHTonoii MCXaHHKC norrHoBM q>yHKTI;II.lI paccMaTpmfaeTC.lI KaK aMIIlllI

Tyµ;a nepo.!ITHOCTII o6Hapy)KlITb qacTnn;y n TO'IKC x. Op;HaK0 MO)KHO C'IlI

TaTb ee n 061>l'IH1>IM Krraccn'IeCKIIM 11orreM. II pH 3TOM HHKaKHX 11p~TIInope'IIDI 
C 06rn;e11pIIH.lITOH TCOplICll He BO:JHIIKaeT, IIOCKOllbKY o6Hapy)KCHIIe 'IaCTIIIl;bI 
conpono2Kµ;aeTc.lI ee norrrorn;eHHeM, nepo.lITHOCTb 2Ke rrorrrorn;eHII.lI nponopn;n

oHarrbHa 3HeprIIII D:JalIMOp;eiicTDII.lI C IIOlICM qacTIID;hl 1¢12
• 

' ! 
BLirnerrpIIneµ;eHHLie rrocTpoeHII.!I 6LillII ocyrn;ccTBlICHLI BHYTPII o6rn;enpH-

H.!ITOII cxeMLI KnaH~onoii Teopuu. Bee perneHII.lI npIIo6perru Torr1>Ko µ;011orr

HIITerr1>HLIII "cKpLITLiii" 11apaMeTp s, KOTop1,1i'1 µ;orr)KcH cTaTb o6'beKTOM 3Kc
nep11MeHTarr1>Horo IICcrreµ;onamrn. B o 6rn;e11pIIIDITOll KnaHTonoi'r Teop1m OH 
He 011peµ;erreH. MmKHO IIOCTymrponaTb ero BClIH'IHHY IIllII IIOIIbITaTbC.lI TaK 

n11µ;0II:JMCHIITb Teopu10, 'IT061>1 yKa:JaHHhl:U: 11apaMeTp 011peµ;err.!IlIC.lI caMIIMII 
ypaBHCHII.lIMII. Ha µ;aHHOM 3TaIIe MLI 6yµ;e1i npocTO C'IIITaTb ero cno6op;HbIM 
napaMeTpOM Teopmr. IIorrenM IIHTepnpcTan;II.lI 11pII 3TOM He Tpe 6onarra nne-

µ;eHII.lI IICTO'IHIIKa. 

3. HopMHpyeMbIH naKeT 

EcrrII none IIMeeT UCTO'IHIIK, TO OHO, KaK II D KYllOHODCKOM crry'Iae, MO)KCT 
6LITb CIIHryJIJipHLIM. CooTDCTCTDCHHO ypaDHCHIIC illpeµ;nHrepa µ;orr2KHO 6LITb 
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BII)l;Oll:JMeHeHO. CTapaJICh MlIHIIMaJlhHO MCllilTh ycT01lBIIllleC1l npeµ;cTanrre
HII1l, IIOJIO)KIIM, 'ITO YKa:JaHHOe none cno6oµ;Hoii 'laCTIID;hl yp;onrreTnop11eT He
O)l;HOpO)l;HOMY ypanHeHIIIO: 

(i8/8t + !)./2)'ef;(r, t) = -C(t)o(r - r(t)), (8) 

rµ;e r( t) = ro + vt - Koopp;IIHaThl 'laCTIID;hl, ;IJ;BII)Kyrn;eiic11 co CKOpOCThIO V, a 
. C(t) - HeKOTOphlii HOpMIIpOBO'lHhlll II cpaoonhlll MHO)KIITeJlh, coµ;ep2Karn;mr 
napaMeTp s. IlpII 0TOM BOJIHOBaJI cpyHKD;II1l yp;onrreTBOp11eT oµ;Hopoµ;HoMy 
ypaBHeHIIIO illpeµ;nHrepa IIO'ITII BO ncex {KpOMe oµ;Hox'i) TO'lKax npotTpaH
CTBa. 

TaKoro poµ;a ypanHeHue 6bIJIO IICIIOJlh:JOBaHO npu IIOIIhITKe o6'b1lCHIITh 
cpyHp;aMeHTaJlhHhlMII IIpII'IIIHaMII aHOMaJlhHYIO yTe'lKY yrrhTpaxorrop;HhlX Heii
Tp0HOB[6, 7] no repMeTn'leCKlI oaKphlThlX COCY)l;OB. BhIJIO IIOCTyrrIIponaHo, 
'ITO HCIITpOH OIIlIChlBaeTC1l HepaCIIJlhlBaIOIIJ;UMC1[ lI IIOpMliponaIIHhlM BOJIHO
BhlM naKeTOM BIIµ;a 

'ef;(s, v,r, t) = cexp(ivr - iwt) exp(-slr -vtl)/lr -vtl, (9) 

rµ;e w = ( v2 - s2)/2, s - napaMeTp, xapaKTepnoyrorn;nx'i npoT.a2KeHHOCTh 
norr11, a nocTo11HlaJI c - HopMnpono'lHhIII MHmKIITerrh: c = ( s /21r )112. lIMeHHO 
TaKyro cpyHKD;lIIO µ;e Bpox'irr1, paccMaTp1IBarr n cnoex'i Moµ;err11 "norrHa-n11rroT". 
IlapaMeTp s M02KeT oan11ceTh OT v. B perr11T1IBIICTCKOII Teop1111 norry'laeTrn 
aHarrorlI'lHoe Bhlpa2KeH11e. 

<Pyphe-paOJIO)KeHlie cpyHKD;IIlI (9) lIMeeT BlI;IJ; 

'ef;(s,v,r,t) =c j exp[ip(r-vt)+ivr-iwt]41rd3p/(21r)3(p2 +s2). (10) 

Iloµ;cTaBlIM (10) n (8), T.e. npIIMeHIIM K cpyHKD;IIII (10) onepaTop illpeµ;mirepa 
Ls = i8t + 1)./2. Torµ;a norry'IIIM 

Ls'ef;( s, v, r, t) = -21rcexp[i( v2 - w )t)o(r - vt). 

CpanHIIBaJI C (8),norry'laeM, 'ITO ypanHeHIIe (8) yp;onrreTnop11eTc11, ecrru 

C(t) = -(21rs)1l2 exp[i(v2 +s2)t/2]. 

(11) 

(12) 

TaKlIM o6paooM, µ;ex'icTBIITeJlhHO, napaMeTp s onpeµ;eJI.HeTC.H MHO)KlITerreM C. 
Ecrru npanaJI 'laCTh ypanHeHII1l (8) coµ;ep2KIIT npo1mnop;Hhle OT 8-cpyHKD;IIII, 
TO naKeT onuchlnaeTrn ern;e 6orree CIIHryrr11pHox'i cpyHKn;ne:i'r. 

Bbipa2KeH1Ie (9) MO)KeT 6hlTh norry'leHO He KaK perneHue HeO~Hopoµ;Horo 
ypanHeHlI1l (12), a KaK perneHIIe HeJllIHe:i'moro ypanHeHII1l 

[i81 + 1)./2 + (21r/c)8(Vll/\JJ(r, t)l)]\JJ(r, t) = 0. 
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(13) 

I 

,UeIICTBlITCJlhHO, noµ;cTaHOBKa (9) n (13) npIIBO)l;lIT K 

o(v11/w(r, t)I) = cir -vtl8(r -vt), 

II00TOMY HeJIIIHCIIHhIII 'lJleH IIOJIHOCThIO 0KBIIBaJleHTeH Heoµ;Hopop;HOMY B ypa~ 

BHeHUII (8). . 
B oaKJIIOYJeHIIe oaM~TIIM, 'ITO o6o6rn;eHIIe Ha peMTlIBIICTCKIDI crry'lax'i 

BIIOJIHC TpIIBIIaJlhHO, II norry'larorn;nec11 Bhlpa2KeHII1l IIOJIHOCThIO 0KBIIBaITeH

THhl TeM, KOTOphle 6hlJIII norryqeHhl µ;e BpoiirreM [1]. 

4. BooMO)KHOCTH 3Kc·nepHMeHTaJibHOrO HCCJie~oBaHHJI 

napaMeTpa s 

IlapaMeTp s µ;omKeH nmrnTh Ha xapaKTep pacce11mrn qacTIID;hl, II noToMy 
ero M02KHO onpeµ;err11Th, noyqaJI oco6eHHOCTII pacce11HII1l. ,Umi: nccrreµ;onaHII1l 
pacnpeµ;erreHII.H 'lj; MO)KHO ·nponop;IITh IIOMepemrn no npeMeHII nporreTa, 11c
norrhoy11 IIMIIYJlhCHhlII IICTO'IHIIK qacTIID; IIJIII. npepbIBaTeJlh HenpepbIBHOro 

nyqKa. 
PacCMOTpIIM conoKyIIHOCTh µ;nyx O)l;IIHaKOBhlX, pacIIOJIO)KCHHhlX Ha pac-

CTO.HHIIII L µ;pyr OT µ;pyra, O)l;HOMepHhIX IIOTeHD;IIaJlhHhlX 6apbepon (puc. 1), 
Ha KOTOphle crrena naµ;aeT KBaHTOBaJI YiaCTIIn;a C IIMIIYJlhCOM V. 

Rexp(-ikx) 

exp(ikx) 
Ri R2 

L 

Pnc.l 

IlaKeT qacTIID;hl cocToIIT no norrH c norrHOBhIMII neKTopaMII k. Pacce.am1e 
'laCTIID;hl onpeµ;eJ1.HeTC.H pacce.HHIICM IIJIOCKIIX BOJIH Im ee naKeTa. IlycTh ;IJ;J11l 
IIJIOCKOII DOJIHhl C BOJIHOBhlM neKTOpoM k aMIIJIIITY)l;hl 0Tpa2KeHII.H OT OTµ;errh
HhIX 6apbepon panHhl R 1 = R2 = R, a nponycKaHII.H - Ti= T2 = T. IlorrHaJI 
aMIIJIIITY)l;a OTpa2KeHirn OT o6onx 6apbepon c yqeTOM MHOrOKpaTHhlX nepe

OTpa2KeHIIii MC)K)l;Y HIIMII panHa [6] 

R 12 = R +TR exp(2ikL )T + T R3 exp( 4ikL )T + T R5 exp( 6ikL )T + ... = 

R+T2 exp(2ikL)R/[1- R2 exp(2ikL)] = 
R[l -(R2 -T2)exp(2ikL)]/[1-R2 exp(2ikL)]. 
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Ilpn 'llICTO ne~eCTBeHHOM 110Tem:J;nane nMeeM R2-T2 = exp(-2icp), r;a;e <f>ana 

cp µ;eiiCTBlITem,Ha. AHanorlI'IHO :.JaIIIIChIBaeTC.lI aMIIlilITy;a;a 11po11ycKaHIDI: 

T12 = T exp( ikL )T /[1 - R2 exp(2ikL )) . 

8Tn penylihTaThl 11orry'leHhl C IIOMO~hlO CTaQlIOHapHoro ypanHeHII.lI illpe

µ;nmepa, Korµ;a 11aµ;a10~aJI 'lacTnqa 011nchlnaeTc.lI 11rrocKoii norrHoii. 

CaM BhlBO)]; 0TlIX BhlpruKeHnii IIpIIBO)];llT K IIOCTaHOBKe crre;a;y10~ero B0-

11poca: ;a;eiiCTBlITelihHO lilI OTpa)KeHile OT COBOKYIIHOCTlI µ;nyx 6ap1,epon 11po

lICXO)];lIT 11yTeM OTpa)KeHlI.lI OT OTp;elihHhlX 6ap1,epon lI MHoroKpaTHOrO 11epe

OTpruKeHIDI Me)Kµ;y HlIMlI, 1mn aMI.IlilITy;a;hl 11po11ycKaHII.lI lI OTpa)KeHil.lI <f>op

MlipYIQTC.lI0 MrHOBeHHO? 

PaccMoTpnM MhlcrreHHhlH aKc11epnMeHT, cxeMa KOToporo 110Ka:.JaHa Ha pII

CYHKe 2, 

~~_===: R1 - R2 

~ L 

P1Ic.2 

r;a;e M - 11orry11ponpa'IHOe nepKarro, S - I:IM11yrr1,cHhlH IICTO'IHIIK 'lacTin:i; II 

D1, D2 - µ;eTeKTophl, per1IcTp1Ipy10~e 'IacTHqhI 110 npeMeHII 11porreTa. 

EclIII BTOpOH 6ap1,ep OTCYTCTByeT, TO OTpa)KaeT TOlihKO O)];IIH 6ap1,ep, II 

µ;eTeKTop Di perIIcTpnpyeT '!aCTney n MOMe.HT npeMeHII T = S/v (pnc.3), 

rµ;e S - IIOlIHaJI µ;rrnHa 11porreTa OT ,IICTO'IHRKa ;a;o 6ap1,epa II µ;arree µ;o µ;eTeK

Topa. 

IIµ;eammIIponaHHhIH c11eKTp 110 npeMeHn 11porreTa 11pe;a;cTanrreH Ha pnc. 3, 

rµ;e IIHTeHcnBHOCTh Ii, perncTpnpyeMaJI µ;eTeKTopoM, paBHa I= €!R!210, 10 

- IIHTeHCIIBHOCTh IICTO'IHIIKa, a € - aqi<f>eKTllBHOCTh perIIcTpaq1rn. 

I(t) 

0 

Ii 

T 

Pnc.3 

8 

t 

: .. \:1 
'} 

t 

·11 
(\' 

Bneµ;eM nTopon 6ap1,ep. B aToM crry'lae aM11rrnTy;a;a oTpruKeHIDI R12 oT 

cncTeMhl 6ap1,epon ncrreµ;cTnne nHTep<f>epem1;nn CTaHeT OTllll'IHoii OT R. IIo

cTanrreHHhiii Bhlllle no11poc ,TeIIeph MO)KHO cqiopMyrrnpoBaTh TaK: 6y;a;eT lilI 

npeM.lI 11porreTa paBHO TOMY )Ke r, lilIII µ;eTeKTOp 6y;a;eT perncTpnpoBaTh 'la

CTIIQhI II 11p1I npeMeHax 11porreTa tn = T + nt0 , rµ;e t0 = L/v (prrc.4). 

J(t) Ii 

0 T r+to 

P1Ic.4 

IlpII neKOTOphlX paccTO.lIHIDIX L Koaqi<f>uqnenT oTpa)KeHIDI OT µ;nyx 6ap1,e

poB corrracHo 06~e11plIH.lITOH KBaHTOBOH MexaHHKe MO)KeT 6h1Th MeHhllle,'IeM 

)];lI.lI oµ;Horo, Tor;a;a KaK, corrraCHO pIIc.4, IlOlIHaJI IIHTeHCIIBHOCTh 'IaCTIIQ, OT

pa)KeHHhlX OT ;a;nyx 6ap1,epon, ncer;a;a Bhlllle, 'IeM 11pn oTpa)KeHilll OT o;a;noro. 

IIocKOlihKY B HaCTO.lI~ee npeM.lI HeT ocHOBaHIIii COMHeBaThC.lI B c11pane;a;rrII

BOCTII KBaHTOBOH MexaHHKII, TO MO)KHO O)KII)];aTh, 'ITO µ;eTeKTOp 6y;a;eT perII

CTpIIpOBaTh 'IaCTIIQhl TOlihKO co BpeMeHeM 11porreTa T' Il IIOlIHaJI IIHTeHCII

BHOCTh perncTpaqnn 12 = € R 12
2 Io 6y;a;eT B R12/ R 2 pan 6orrhllle J1. 

IlpIIBep;eHHhle KapTI:IHhl c11eKTpon n;a;earrII:.JIIpoBaHhl. C11eKTp 'IaCTIIQ, oT

pruKeHHhlX OT o;a;Horo e;a;IIHCTBeHnoro 6ap1,epa, ncer;a;a IIMeeT KOHe'IHYIO ll!II

p1:1Hy, KOTOpaJI 011pe;a;err.lieTC.lI )];lIIITelihHOCThlO 1IM11yrr1,ca, llIIIplIHOIO ClleKTpa, 

panpellleHIIeM 110 BpeMeHII II, HaKOHeQ, llIIIpIIHOH llaKeTa. CoOTBeTCTBeHHO II 

rrnHIIII crreKTpa, rrorry'IeHHoro rrocrre nne;a;eHII.lI BToporo 6ap1,epa, TaK)Ke 6y;a;yT 

I:IMeTh KOHe'IHYIO lllllpIIIIy. Borree Toro, MO)KJIO IIOKa:.JaTh, 'ITO 0Ta llIIIpIIHa 

ncer;a;a 6orrhllle t0 • .D:encTBI:ITerr1,uo, ecrrn rrpocTpaHCTBeHHaJI lllnpnua rraKeTa 

MeUbllle L, TO neirnKa crreKTpalihHaJI, a :.JHa'InT, llMIIYlihChl OT OTp;elihHhlX 

rrepeoTpruKeHIIn He MoryT 6h1Th panpell!eHhl. Ecrrn )Ke crreKTparrhHaJI llllI

pIIHa Marra, TO BemIKa rrpocTpaHCTBeHHaJI, lI 11epeoTpruKeHIDI OT OT)];elihllhlX 

6ap1,epoB CHOBa OKa:.JbIBaIOTC.lI HepanpellIIIMhlMlI. 

0Tc10µ;a crre;a;yeT, 'ITO rroKa pacce.lIHlie Ha 6ap1,epax MO)KHO paccMaTpn

BaTh KOrepeHTHO, OTpa)KeHlie OT O)];HOro II OT ;a;nyx 6ap1,epoB ncer;a;a 6y;a;eT 

rrpep;cTaBlI.lIThC.lI O)];HlIM )];OCTaTO'IHO llIIIpOKIIM IIIIKOM. BTopon 6ap1,ep, oµ;
HaKO, BlIII.lleT Ha IIOlIO)KeHIIe II q>opMy lIIIHIIII OTpruKeHIDI, 'ITO lI lIO:.JBOlI.lieT 

orrpeµ;errIITh BOlIHOBOH COCTaB rraKeTa. 8TO lIY'Illle Bcero BII)];HO Ha rrplIMepe 

penoHaHCHoro nporrycKaHIDI, Kor;a;a oTpa)KeIIIIe OT o;a;uoro 6ap1,epa nerrHKo, a 

nne;a;euIIe BToporo 6ap1,epa yMeHbll!aeT OTpruKeHRe. 
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EcmI BpeMll rrporreTa pan~o 'r-' a IIHTCHCIIBHOCTI, perIICTpnpyeMhlX 'Ia
CTIID; C rrp116aB1IeHIIeM BTOporo 6ap1,epa II0MCHII1Iac1,, TO 3TO. O0Ha'!aeT, 'ITO 
'IaCTm::i;a 'IYBCTByeT BTopm'i 6ap1,ep, HeCMOTp.lI Ha TO, 'ITO OH y;a;arreH OT 
rrepnoro. <PIIOII'IeCKII 3TO oHa'IIIT, 'ITO norrHonyro <pyHKIJ;IIIO MO)KHO paccMa
TpIIBaTb KaK KllaCCII'ICCKOe rrorre, ,II 'IaCTIIIJ;a CJIY)KlIT IICTO'IHIIKOM 3Toro IIOJI.lI. 
Bcrre;a;cTBIIe rrorrenoro )J;aJil,HO;a;eiicTBII.lI KBaHTOBaJI MeXaHIIKa OKa0hlBaeTC.lI ec
TCCTBeHHhlM o 6paooM Herr0Karr1>Hoii. 

PacCMOTpIIM rrpIIMep, KOTOphlii MO)KHO nccrre;a;onaTI, aHalIIITII'ICCKII. IIycTI, 
Ka)K;a;Liii II0 6ap1,epon OIIIIChlBaeTC.lI IIOTeHIJ;IIaJIOM 

u = 2p8(x), 

Tor;a;a aMIIJIIITY)J;hl OTpa)KeHII.lI II rrponycKaHII.lI paBHhl COOTBCTCTBeHHO 

IlocKorr1,Ky 

R(k) = -p/(p - ik,,), T = -ik/(p - ik,,). 

00 

1/(p-ik) = j exp(-ap+iak)da, 
0 

TO OTpa)KCHHaJI BOlIHa OIIIICbIBaeTC.lI Bhlpa)KeHIIeM 

00 

WR(r, t) = -p j da exp(-ap+iak,,-ik,,x+ik.1.r.1. .:...ik2t/2) d3ko[(k -v)2-s2] = 
0 

-p j daexp(-ap) exp(i~(lxl + a)- zwt)j0(sllxl + a-vtl), 

r;a;e lxl - paccTO.lIHIIe OT 6ap1,epa ;a;o ;a;eTeKTopa. 
TaKIIM o6paooM, oTpa)KeHHaJI norrHa rrpe;a;cTaBll.lieT co6oii cyrreprrooIIIJ;IIIO 

BOlIH TaKIIX )Ke, KaK II rra;a;aIOW.aJI, HO oarrao;a;hlna10rn.11x OTHOCIITellbHO reoMe- · 

TpII'IeCKII OTpa)KeHHOll (npeM.lI rrporreTa x/v) Ha npeM~HHOll IIHTepBaJI a/v.' 
IhrhlMII ClIOBaMII, C nepO.lITHOCTl,IO exp(-ap) 'IaCTIIIJ;a perIICTpIIpyeTC.lI Ha 
a/v ceKyH;a; IIO0)Ke,'IeM S/v, r;a;e s - IlOlIHaJI )J;lIIIHa IIYTII OT IICTO'IHIIKa ;a;o 
;a;eTCKTopa. ,Il;rrIITellbHOCTI, OTpa2KeHHoro IIMrryrr1,ca, TaKIIM o6paooM, MO)KHO 

OIJ;eHIITb nerrII'IiIHoii t = t1 + t2 + t3, r;a;e 

t1 2 = 11 2/v, 
' ' 

11 = 1/s, 12 = l/p, 

a t3 - arrrrapaTypHaJI lllIIpIIHa, CBJI0aHHaJI C )J;lIIITeJibHOCTl,IO IIMrryrr1,ca, lllII
pIIHOll crreKTpa II paoperneHIIeM crreKTpoMeTpa. MeHJIJI "nhlcoTy" 6ap1,epa 
p II II0MepJIJI II0MeHeHIIe lllIIplIBhl OTpa)KeHHoro IIMrryrr1,ca, MO)KHO HaHTII 
rrpe;a;errbHOe 0Ha'IeHIIe t = l/ sv + t3 rrpn p-> oo, OTKy;a;a II0BlIC'll, rrapaMeTp s 
He rrpe;a;cTaBJI.lICTCJI BO0MO)KHI,IM. ~To61,1 cro HaHTII, Heo6xop;IIMO rrpoBCCTII 
)l;OIIOlIHIITCllbHhlII 3KCIICpIIMCHT C µ;nyMJI 6ap1,epaMII. 
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IIpolllC)l;lllIIe BOlIHhl n crry'Iae oµ;Horo 6ap1,epa oarrIIChlBaIOTC.lI n aHaJIOrII'I

HOM BII)l;C 
Wr(r, t) = exp(ivlxl - iwt)jo(sllxl -vtl)+ 

p j da e-opeiv(lxl+o)-iwtjo(sllxl + a - vtl), 

rµ;c 1x1 - TaK2Ke paCCTOJIHIIC OT 6ap1,epa µ;o µ;eTeKTOpa. Oµ;Ha 'IaCTI, BOJIHhl 
npnxoµ;uT 6eo oarraop;hlnamrn, a µ;pyrru1 rrpe;a;cTaBrrJieT co6oii cyrreprrooIIIJ;IIIO 
BOlIH TaKIIX )KC,KaK rraµ;a10rn.ru1,HO oarraoµ;1,rna10rn.11x OTHOCIITellbHO reoMe
TpII'IeCKII rrporueµ;rue:rr Ha IIHTepnarr BpeMeHII a/v. T.e. C BepOJITHOCTI,IO 

exp(-ap) •rncTnIJ;a perncTpnpyeTc.lI Ha a/v ceKyHµ; rroo)Ke,'IeM S/v, rµ;e S 
- IIOlIHaJI µ;mma rryTII OT IICTO'IHIIKa µ;o µ;eTeKTOpa. ,Il;m1TellbHOCTI, BTOpoii: 

'IaCTII rrpornep;lllcro IIMnyrr1,ca TaK)Ke OIJ;eHIIBaeTC.lI BCJIII'IIIHOll t = t1 + t2 + t3. 
PaccMoTpIIM Terrep1, µ;na 6ap1,epa. OTpa)KeHHaJI norrHa rrpeµ;cTaBrrJieTCJI 

Bhlpa)KeHIIeM 

W R(r, t) = -p{j dae- 0 Peiv(lxl+o)-iwtjo(sllxl + a -vtl)+ 

00 I: f(n,a,p)eiv(x+o+2Ln)-iwtjo(slx +a+ 2Ln - vtl)}, 
n=O 

rµ;e x - paccTOJIHIIe OT rrcpnoro 6ap1,epa µ;o µ;eTeK'.l'opa II 

_ 2n ( 1 2ap (ap)
2 

) 
f(n,a,p)-(ap). (2n)!-(2n+1)!+(2n+2)! · 

IIpII s « v II Lv = 1r ( 3TOT crry'Ian: cooTneTcTnyeT peooHaHcHoMy rrporrycKa
HIIIO) cyMMa 'IlICHOB BO BTOpOM crraraeMOM 'IaCTII'IHO KOMIIeHCIIpyeT rrepnoe 
crraraeMoe II OTpa)KCHHbill IIMrryrr1,c CTaHOBIITC.lI 6orree lllIIpOKIIM u rrpIIo6pe
TaeT µ;orrorrHIITerr1,Hoe oarraoµ;1,rnam1e t4 = 2Ls. IfoMepIIB 3TO oarraop;hlnanue 
II IlOlIO)KeHIIC peooHaHca, T.e. paCCTOJIHIIe £, MO)KHO OIJ;eHIITI, BelllI'IIIHY S. 

IIpo1IIeµ;rnru1 BOlIHa OIIIICbIBaeTCJI Bhlpa2KeHneM 

Wr(r, t) = -(k2 /p) j daexp(-ap)x 

00 

I: [(ap)2n+l/(2n)!] exp(iv(x +a+ 2Ln)- iwt)jo(slx + a+2Ln - vtl), 
n=O 

r;a;c x - cHona pa~cTOJIHIIe OT rrepnoro 6ap1,epa µ;o µ;eTeKTopa. Ilpn Tex 
)KC ycrromrnx, c<popMyrruponaHHhlX n1,1rne, rrpu KOTOphlx oTpa)KeHIIe 3<p<peK
TIIBHo yMeHblllaCTC.lI, rrponycKaHire 6ap1,epon 3<p<peKTIIBHO ynerrII'IIIBaCTCJI, 
IIOCKOllbKY DCC crraraeMhle cyMMbI OKa0hlBaIOTCJI npm,rcpHO B <pane µ;pyr C 
µ;pyroM. 

HeTpyµ;Ho nnµ;eT1>, 'ITO npu 2Lv = 1r pcooHaHcHoe rrporrycKamre cyrn.c
CTBeHHo YMCHblllaCTCJI, a oamm;a;hlnaHIIC yncmPnIBaCTCJI, 'ITO TaK)Ke MO)KHO 
IICIIOllb0OBaTb )l;lIJI II0MCpCHIIJI BClIII'IIIHI,I S. 
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5. 3aKJIIO~eHHe 

IIorreBaJI lIHTepnpeT~ mn:ax He npoTIIBopeqnT o6~enpmuITo:ii, HO n oT

mrme OT o6~enplIIDlTOII noµ;CKatlhIBaeT nyTh K pememno pat3rrnqHI,JX napa

µ;oKcon KBaHTOBOH MexaHIIKII. ThaBHaJI Tpy;o;HOCTI, COCTOIIT B TOM, KaK OIIII-. 

caTb )l;BIDKeHne lICToqmIKa IlOIDI noµ; BllII.HHlICM B3aHMO)l;eIICTBII.lI C OKpy)Ka

lO~lI o6'beKTaMII. lfoyqeane TOllhKO pacce.HHII.lI norr.H o:1HaqaeT OTKM OT 

lI:JyqeHIDI )l;BIDKeHIDI lICToqHIIKa, qTO 3KBlIBaJieHTHO BBeµ;eHlIIO B Teopnro :)lle

MeHTa aeonpe;o;erreHHOCTlI, a 3HaqnT II BepO.HTH0CTll. l:fo BhlWenpnneµ;eHHI,lX 

tpopMyrr crre;o;yeT, qTo nocrre B:JanMoµ;encTBn.H c 6ap1,epoM qacTnn;a KaK 61,1 

pacna;o;aeTc.H Ha MHO)KeCTBO TO)K)l;CCTBeHHhlX qacTnn; C pa:1rrnqao:ii CTeneHblO 

3allat3)l;hlBaHII.lI npowe;o;mnx nrrn oTpruKeHHI,IX OT 6ap1,epa. KrraccnqecKaJI qa:. 

CTIIn;a )l;Oll)KHa Bhl6paTb oµ;nH Im MHO)KeCTBa napnaHTOB. "9:T06hl ero Hcl.lITII, 

Heo6xoµ;IIMO onpeµ;eJIIITb o6paTHOe B03)l;CllCTBllC IIOJij[ Ha Koop;o;uaaTbI 'la

CTHD;hl. ,IJ:rr.H 3TOro MO)KHO B KaqeCTBe IlOTCHD;IIaJia, onpeµ;eJI.HIO~ero )l;BII)KC

HIIe qaCTIID;hl, IIpllH.HTb Berrnqney 

V(r, t) = w*(r, t)Hw(r, t), 

r;o;~ H - raMIIllhTOHnaa. BorraonaJI q>yaxn;IU!, KoTopyro Hy)KHO cro;o;a noµ;cTa

BIITh, ;o;orr:arna y;o;onJieTBOp.HTb ypaBHeHIIIO 

(i8/8t -H)1/J(r, t) = -C(t)8(r- r(t)), 

r;o;e r(t) onpeµ;err.HeTC.lI II:J ypaBHCHII.lI 

md2r/dt2 = -VV(r, t) 

HJIII n:1 6orree crro:arnoro, yqrrThlnaro~ero pem1TnnncTcKoe oana:1µ;hlnam1e. B . . . 
HaCT0.R~ee npeMR peIIIIITI, TaKJIO. CaMoco:r,rraconaHHYIO ClICTeMy HC npeµ;-

CTanmreTCj[ B03M0)KHblM1 Il0OTOMY rrpnxoµ;nTC1£ µ;oB0llbCTB0BaTbC.R KnaHT0-

BOII MexanIIKoii c ee nepoHTH0CTHbIM .R:JhlK0M. . 

IIpmmaHIIe norraonoii q,yaxn;nn norreM axmrnarreHTH0 npn:1aann10 ee ofr1,.: 

CKTIIBHoro cy~eCTB0BaHII.lI, qTo rrpOTIIBOpeqnT KorrearareHCKOH lIHTepnpe

Tan;nn. Oµ;HIIM Il3 aan6orree aKTIIBHI,IX CTOpOHHIIKOB 06'1,eKTlIBHOCTil BOll

HOBOH q>ymn;nn JinmreTc.s: A.A.TJinKrrH, nocrre pa6oThl ~oToporo (8] qrrcrro 

npOTlIBHIIKOB KOIIeHrareHCKOll IIHTepnpeTan;nn OHaqn~e1IbHO Bhlpocrro. Oµ;no 

1m aanpanrrennii no noncxy OKcnepIIMeHT0B µ;ll1£· Bhl1[BlleHII.lI 06'1,eKTIIBHI,IX 

cnoii:cTn norraono:ii <pynKn;m1 cmmano c IIMeHeM <I>.Cerrrrepn II.~ nne;o;e~HbIM 

IIM [9] II0H1£TIIeM "rrycToii BOJIHhl". Oµ;HaKo. 11ocxorr1,xy npeµ;rrorraraeTc.H, qTo 

nycTaa norrna crroco6na MCH1£Tb nepo.HTH0CTII npon;eccon (nanpIIMep, nycTaJI 

BOllHa q>OTOHa µ;orr)KHa MCH.HTb nepO.llTH0CTb renepan;IIII Jia3epnoro IICToq

HIIIm (2]), TO en· ;IJ;0ll)KHa 6hlTI, CBOHCTBeHHa 3HCprII.ll B:JalIMO;IJ;CllCTDII.lI C 
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OKpy)KaIO~e:ii cpe;a;or'i. OTcro;a;a crrep:yeT, qTo IIJCTaJI BOJIHa eCTb HC qTo IIHOe 
KaK norre qacTnn:1,1. 

B1,1me 6urro paccMoTp_eHo µ;na 11apnaHTa pa,·npeµ;erreHIDI nomr qacTIID;bI. 

B o;a;HoM ca:yqae norre .HBllileTc.lI p,·111cnneM o6hl'IHoro oµ;Hopo;a;noro ypanne

mrn illpeµ;nnrcpa, II •1acTI1n;a npe;a;cTanmreT co6oii n;eHTp cry~eHII.lI 11omr. B 

;a;pyroM - norre JIBJIJICTC.ll cnnrymrpHI,IM pemeHIIeM Heoµ;Hopoµ;noro ypanne

mrn illpe;a;1rnrepa, II qacTIID;a .lIBil.HeTC.lI IICTOqHIIKOM II0JIJI. Bo:JHIIKaeT BO

npoc, IIMeIOTC.lI IlII B HaCTO.lI~ee BpCMJI KaKIIe HII6yp;b OKCIIepIIMCHTaJibHhle 

cnn;a;eTerr1,c-rna n norr1,3y oµ;Horo II3 aTnx napnaHTon? OTneT Ha 3TOT nonpoc 

MO)KHO µ;aTI, JTBepµ;IITCilbHhlII. 8xcneprrMCHThl c yrrbTpaxorroµ;HhlMII HCHTpo

Ha1m [10] cnnµ;eTeJibCTBJIOT O TOM, qTo HCHTpOH µ;OJI)KCH OIIIIChlBaTbCJI CIIH

ryirnpHOII norrHoi'1 µ;e BponrrJI. 

,D:eiiCTBIITeJII,HO, OKCIICpIIMCHThl no xpaHCHHIO YJibTpaxorroµ;HhlX HCIITpo

HOB (YXH) B rronywKax [10] noKa:11,rnaroT, qTo Ka)Kµ;oe CTOJIKHonenne neu

Tpona co CTCHKaMn corrpoBmK;a;aeTC.ll IIOTep.lIMII, KOT0phle He MoryT 6bITI, 

06'.b.lICHCHhl HII 3arp.lI3HCHII.lIMII, HII rnepoxonaTOCT.lIMII, HII II3BCCTHhlMII ce

qeHJI.lIMII rrorrro~eHII.lI II HarpenaHII.H .lI;a;paMII ne~eCTBa CTeHKII. Ilpn'IIIHI,I 

II0TCpb IIpnxo;a;nTCJI IICKaTb DHC rrepe'IIICJICHHhlX npon;eccoB. Oµ;Ha 113 B03-

MO)KHOCT_CII COCTOIIT B TOM, 'ITO HCHTpOH OIIIIChlBaeTC.lI HepaCIIJihlBaIO~IIMCj[ 

naxeToM nnµ;a (6) mm (9). Tor;a;a nemI'IIIHa aHOMaabHbIX rr0Tep1, YXH oupe

µ;err.HeTc.H µ;orre:i'r Tex KOMIIOHeHT B cneKTpe IIaKeTa, KOTOpbIC IIMeIOT oneprnro 

DhlllIC IIOTCHD;IIailbHOro 6ap1,epa CTeHKII, IlOCKOilbKY 6rraro;a;ap.lI IIM He:iiTpoH 

MO)KCT IIpOHIIKaTb DHJTpb ne~CCTBa Ha ·:1Ha'IIITe1IbHO 60JibIIIJIO rrry6IIHY, 

qeM OTO crre;a;yeT H3 o6~errpIIH.lITOII TeopnII. 

IlaKeT (6), o;a;Haxo, IIMeeT orpaHII'ICHHbIH cneKTp. (3aMeTnM, qTo s ~ v, 
IIOCKOJibKY IIOTepn Marr1,1.) IIooToMy npII CKOpOCT.lIX V + s < v,, r;a;e v, -
rpaHII'IHa.H CK0p0CTb ne~eCTDa CTeHKII, II0Tepn He µ;orr)KHhl rrpenocxo;a;IITb 

TeopCTII'ICCKII O)KIIµ;aeMhlX, TaK KaK D 3T0M crryqae D CIICKTpe rraKeTa HeT 

KOMII0HCHT co CKOpOCT.lIMII 6orr1,me v,. TaKIIM o6pa30M, rraKeT (6) HC ro;a;IITCj[ 

µ;rr1£ 06'.b1£CHeHII1£ aH0Marr1,m1x rr0Tep1, YXH. 
IIaxeT (9), HarrpoTirn,· IIMeeT HeorpaHII'IeHHbIIT crreKTp, II03T0MY n HeM 

ncerµ;a Haiiµ;yTC.lI K0MII0HeHTbI C µ;ocTaTO'IH0 DblC0KIIMII CK0p0CT.lIMII. Bepo

.lITH0CTb II0Tepb n crryqae IIaKCTa (9) rrpu 0TCJTCTDIIII rrorrro~eHII.lI u Harpe

naHII.ll D CTCHKC M0)KH0 on;eHIITb Be1III'IIIHOII 

,_1141rc1
2100 

l-lR(p)l2 3 
W - N (21r)3 [(p -v)2 + 82]2 d P, 

0 

(14) 

r;a;e 

N= ~ l d3 14 
1

2 00 

(21r)3 / [(p -v)2 + s2]2 p. (15) 
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,IJ;rur on;eHKII rroJIO)KIIM IR(p)I =) rrpII pj__ < u, rµ;e u - rroTPHIJ;IIaJI cTeHKII, 
lI IR(p)I = 0 rrplI pj__ > u. Tor:i,a rrpn l\Ia;11,1x v Bhlpa)Kc1111c (14) n crry'Iae 
HOpMaJII,HOrO rrap;eHI!ll Ha CTem,y MO)KHO IIlJt',J.CTaDIITb B BIIp;e 

W = Io" 0[(P.L + v)2 > u]/(p2 + 82)2 d3p . 
· Io" 1/(p2 + s2)2 d3p ~ 2s/1rv1, (16) 

rµ;e 0-<J>yttKn;rur paBHa eµ;IIHIIIJ;e rrpn BhlIIOJIHeHIIII HepaneHCTBa, yKa:JaHHOro B 
ee apryMeHTe, IIJIII Hymo B rrpoTIIBorrorro)KHOM crry'Iae. CorrocTanrur11 rrorry
'IeHHoe nHa'IeHIIe c Koacpqmn;11eHTOM rr0Tep1, YXH [6] 

µ = 217v/v1, 

rµ;e 1J - rrpnBep;eHHhlll Ha6moµ;aeMhlll aH0MaJI1>Hhlll KoacpcpIIn;IIeHT rr0Tep1, 
1J ~ 3 x 10-5 [10] , rrorry-qaeM 

S = 7r1JV ~ V X 10-4 • 

3Ty BeJIII'IIIHY MO)KHO rrpIIIDITJ, na on;eHey CKphlTOro rrapaMeTpa s. 
TaKIIM o6panoM, B HaCTO.HIIJ;ee npeM.H. ecTb aKcrrep1IMeHTaJI1>HOe CDIIµ;e

TeJibCTBO B rrorr1,ny cyrn;ecTBOBaHrur c1mryruipH1>1x BOJIH µ;e Bpoiirr11 JI p;a:iKe 
IIMeeTC.ll on;eHKa rrprrcyrn;ero HM rrapaMeTpa. Oµ;HaKo µ;rr.H y6ep;1ITerr1>Horo ;a;o
KanaTerr1>cTna Tpe6yeTc11 rrponecTII ;a;orroJIHIITeJI1>Hhle aKcrrepIIMeHThl, Harrpu
Mep, yKa3aHHOro Dhlllle TIIIla. 

Ilpm1mKenne. CnnHOBhIH naKeT. 

Iforro)KeHHM rrpon;eµ;ypa rronnorureT IIHa'Ie orr1IcaT1> cmmopH1>IC i::noii:cTna 
'IaCTIIIJ;. ,IJ;eii:CTBIITeJibHO, B Ka'IeCTBe CTan;noHapHoro pellleH~.ll ypaBHeHII.H 
Illpe;a;1rnrepa n MarHIITHOM rrorre B 

[i8/8t + !:!,./2 - aB]w(r, t) = 0, 

B Herrop;BII)KHOII CIICTeMe Koopµ;nHaT MmKHO IIpIIIDITJ, <l>YHKIJ;IIIO 

'I/;= exp(-is2t/2)j0 (sr)€, 

rµ;e s = Js2 - 2ab a € - CIIIIHOp. IIepeiiµ;eM B CIICTeMy OTC'IeTa, )];BII)Kyrn;y
IOC.H co CKOpOCTl>IO -v. B penyrr1>TaTe IIOlIY'HIM rraKeT 

w = exp[iv(r -vt)- i(s2 -v2)t/2]j0(slr -vtl)r 

Ecrr11 s = v, TO 
'I/;= exp[iv(r - vt)]j0 ( vlr - vtl)r 
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lIHTcpecHo, 'ITO n aTO!-J crry•rne HIIKaKoii rrpeuPrc1m neT. EcT1> "Torrcia.H" II 
"TOHKM" KOMIIOHeHTl>I. 11 pu TaKOM II] w:1cTaBJil'IIIIII p;BOIIHOe JIY'IerrpelIOMJie
HIIe D ncrn;ecTne MmKeT 61,1n, 06'1>.HCIH'IIII TeM, 'ITO 'IUl"TllIJ;a C pa3HhlMII Ha
IIpanm.'HlllIMII cmrna n cnoe11 nnaIIMoµ;ciicTBIIII c neIIJ;<'l"TBOM ycpeµ;n.HeT rro
TeHn;IIarr nna1nrnµ;eiicTDil.ll IIO pa3HOMY, II IIOTOMY CKOpOCTJ, ee pacrrpocTpa
Hemrn µ;rur pa3HhlX KOMIIOHeHT CIIIIHa pa3JIII'!Ha. CKanaHHOe OTHOCIITC.ll He 
TOJil>KO K CIIIIHOpHOII "-IaCTIIn;e, HO II K BCKTOpHOII TIIIla (pOTOHa. 

CrnrnopHyro •mcTnn;y MmKHo rrpeµ;cTanrrT1> 11 n nrr;a;e 

\JI= exp[ivr - i(s2 + v2 + 2aB)t/2]j0(slr-vtl)€, 

n n mrµ;e 
w = exp[ivr - i( s2 + v2)t/2]jo( sir - vtl)€, 

rµ;e !VI = J~v2 ___ 2a-➔B-. 
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VlrHaTOBl-1'1 B.K; P4-92-389 
K11acC"1'1ecKaA "1HTepnpeTaU"1A KBaHTOBOH MeXaH"1K"1 

. 8OJ1HOBaA cpyHKU"1A "1HTepnpernpyeTCA. KaKKJ1aCCl1'1ecKoe none, "1CT04· 
H"1KOM KOTOporo ABJlAeTCA TO'le'tHaA Ltacrnua~ ,D,B1-1>Kett1-1e 'laCT"1Ubl. onpe
nenA.eTCA B3a"1MOJleHCT.B"1eM ee nOJlA C JlPYrl-1M"1 O6beKTaM"1, PaccMaTpl-1-
saeTCA 3KCnep1-1MeHT, · no3B0JlAIOll.\"1H oueH"1_Tb BOJlHOBOH . COCTaB nonA 

' . 
'laCT"1Ubl, 

Pa6orn Bbinonttetta s Jla6opaTop1-11-1 tteHTpOHHOH cp1,1J1-1K1-1 · OV1AV1 . . • 

.. Coo6me,me Ofu.e:tHHem1oro HHcrwryra_ ii;iepHblX Hcc..1e;ioeaH11~: ,ny6Ha 1992 • 

' 

nepeson asTOpa 

lgnatovich V.K. P4-92-389 

The Classical Interpretation of Quantum Mechanics 

. . I . 

The wave-function is considered to be a classical field with the par-
·• ticle as a source. The. behavior of particle is determined by the interaction 

of its field with surrounding objects. An experiment, permitting to esti-
mate the wave composition of a particle field is considered. . 

' . 
The investigation has been performed at the Laboratory of Neutron 

Physics, JINR. 
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