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YXH n 3aMKHYTLIX Jionynrnax II cocTOIIT n TOM, , qTQ rroT~PII. ,rrpII cToJIK-
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HoneHIIII YXH co cTeHKaMII JIOBYIIIKII MoryT 3HaqIITeJibHO rrpeBOCXO.n;IITL 

. npe,ztCKa3aiine· TeoplIII .. IloJICHIIM ~ 3TO JIBJieHne iiecltoJII,I{O' '.o:o.n;po611ee:r_ I • 

· . Bo rip eMJI xpaHeHIIJI · B' ciky.n;e HeHTp<m:t.r ':MHOroKpaTH6 • cby;na !)JIIDTCJI c 

ero c±emiaMn' H 'rrO'ITII IlOJIHOCTi;IO bTp~malOTCJI' 01'1 Iiri; 'BepOJITHOCTb 110-, . 

Tepb rrpII' o.tiH<iM' ~oy.hapeitiru '~mi: iiair.rrytiiumc 11' 9TOM. 'otHoilieHIIII; '.ii:oByIIIeK. 

( CM: [1)} cocTaDt1IJleT, ~e~,IIHY nQpJI.n;Ka ,3 '. }0';;5, .. K()Tf)PeJI:,XQ;rJI .II :~,mJia, Ho 

nee me Ha .n;Ba nopJI.n;Ka rrpenocxo.n;IIT TeopeTIIqecKoe 3HaqeHIIe; ,, . ., , ; , , 

XpaHeHIIe HeHTpOHOB B Jionynrnax B03MO)KHO IIOTOMY, qTO MHOrIIe Ma­

TepIIa'JILI1'i1.mr. Hetti:pomin np'e.n;cTaDiuIIOT co6'ott rio1:eji:i:ii:am.'.Hy:io-, <::Tyiteii~KY 
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7?1. ;:- , M?'cca 'HeH~:f> OH a . ( D .n;aJThHeil,IIIe~ . MHO¥Ti;.Jlp ~ ~ /rri' ~LI, ~~e~, 'orxyc- . 

KaTL), No - qIIcJio JI.n;ep n e.n;IIHIIn;e <>61,eMa Be~ec1;B~, a,b ~ Kor~j>~HTHM 

,Zl;JIIIHa pacceJIHIIJI HeHTpOHa :iia JI.n;paX. , . BLICOTc\ CTynem.KJI U paJJIIIqaa 

.n;JIJI pa3HLIX BemecTB, Ho IIMeeT BeJIIItrIIHY 11opJI,i1;1m·10-7-aB. HeilTpoliLI c 

· sHeprnett E·< U, Ha3:i.rnaeMLie yJiiTpaXOJIO.n;HLIMII, rroJIHocTLio otpruRiuoTCJI 

oT · cTeHKII · c _TaKIIM ·rroTeHn;IIaJioM · rrpII JII06LI:ic · yrJiax na.n;eHIIJI' II iioToMy He 

MoryT ·nLtliTH H3 3~KPLIToro' cOc)',n;a.,, ,·,.•'·' 11 

BepHee, • OHII rroJIHOCTLIO 6LI · oTpamaJIIIci., ecJIII' 6LI_ aMIIJIIITy,n;a · b 6LIJia ,' 

qIIcTo .n;eilcTBIITeJILHOH. Ha caMOM me .n;eJie oHa co.n;ep)KIIT MHHMYIO qacTL: 

b i p' -,- _ib'.', r.n;e, 1/' ~ aif2>..,), :--:- .n;JIIIH~L BOJIHf1. HeHJ;po~a,. a OJ npe.n;­

CTaBJIJ.Ie;r,, co6ott ceqeHIIe, ROTopoe II ,xapaKTepII:)yeT rroiepII i~XH npII 

O.n;HOM coy.n;apeHIIII co, CTeHROH. ' ''' '' . 

. 'IloTepII CBJI3aHLI C .n;ByMJI ¢aKTOpaMII: nomomeHIIeM HeHTpOHOB JI.n;paMH 

. II HeyrrpyrIIM.pacc;eJIHIIeM C HarpeDaHIIeM,HeHTpOHOB (HarpeTLie He~TpOHLI 

IIMeIOT siieprIIro DLIIIIe U II cno6o.n;Ho BLIJieTaIOT CKB03L cTeHKII JIOBYIIIKII); 

I1o9TOMY Ce'leHIIe· O'/ MO)KHO 3aIIIICaTb B BII.n;e cyMMLI: .• \I ,, • o> 

r.n;e a a. ecTL ceqeHIIe norJiomeHIIJI, a a i - ceqeHIIe Heyrrpyroro pacceJIHIIJI. 

9TII cetJ:eHIIJI o6a rrpIIDO.n;JIT K IlOTepJIM, HO OTJIIIqaroTCJI TeM, qTo Uj 3aBIICIIT . 
. . 

OT TeMaepaTypLI, II OXJia)K,Zl;eHIIeM BemecTBa ero MO)KHO IICKJIIO~Tb.' ,,: 

9KcrrepIIMeHTLI [1].cnII.n;eTeJibCTDYIOT O TOM, qTQ OTHOIIIeHIIe af~~/afh Ha~. 

6JIIO,Zl;aeMoro II Teop'eTIItJ:eCKOrn ceqeHIIH llOTepb- ,Zl;OCTIIraeT BeJIIIqHHLI• 110-

pJI.n;Ka 100. IlpII 9TOM, o.n;HaKo, qacTL Ha6Jiro.n;aeMoro ceqeHIIJI, ROTopaJI 
J' I •t • ... 1 ,,_...........,. 
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aaBHCHT OT TeMnepaTypLI, at•, xoporuo corJiacyeTcJI · c TeopeTnqecKHM ce­

qeHHeM Heyrrpyroro pacceJIHIDI a}h H no BeJIHqHHe, H no XapaKTepy TeM­

nepaTypHoii aaBHCHMOCTH. 

TaROBLI aKcnep:irneHTaJIJ,HLie q>aKTll. IlepeqncJiHM Tenepb Bee MLICJIH­

MLie B HaCT011mnii MOMeHT q>aKTOpLI, KOT0pLie MoryT npnBeCTH K yBeJIHtie­

HHIO R03q>q>HIUieHTa 'n0Tep1,, [2]. 
l. Ilornomaromne npHM~CH Ha noBepXHOCTH. Sm B03MO)KHOCTI, OTBepra~ 

• . . . . . . I. 

eTCJI TeM o6cTOJITeJIJ,CTl~OM, qTo noKp~THe noBepXHOCTH CJia6o nomo-

maIOmHMH BemecTBaMH, HarrpHMep KHCJiop9,n;oM, KaK 3TO 6bIJIO c,n;eJiaHo 

~ 3KCnep~eHTe [1], He npirno,n;HT K JMeHbW~HHIO aHOMaJIHH. 

2. YTeqKa HeiiTpoHoB B meJIH JIOBJllIKH. B 3KcnepnMeHTe [1] meJieii He 

6bIJIO .• 

3. HH3K03HepreTnqecKoe HarpeBaHHe Ha 3BJKOBLIX KOJie6aHHJix CTeHOK 

JIOBJllI!ill. 8TOT q>aKTOp n~Ka eme ,n;o KOHIJ;a He HCCJie,n;OBaH. Ho 

o:a;eHKH noKa3bIBaIOT [2], qTo ,n;JIJI cymecTBeHHoro BKJia,n;a aKycTnqecKHx 

KoJie6aHnii B nponecc BLIBo,n;a YXH na JIOBJIIIKH 3BJKOBbie KoJie6aHHJI 

,n;oJI)KHLI nponaBO.n;HTb aHaqHTeJibHLiii myM B 6JIIDKaiirueM oKpymeHHH. 

· B 3Kcnepm.rnHTe 3Toro He Ha6J110,n;aJioc1,,. 

4. IlpnMec1,, Bo,n;opo,n;a HJIH :ilo,n;opo,n;oco,n;epmamnx coe,zurneHHii. 8Ta B03-

MO,KHOCTb OTBepraeTCJI TeM o6cTOJITeJibCTBOM, qTo BO,n;opo,n; npHBO,n;HT 

K 3HaqnTem,HoMy yBeJIHqeHHIO Heyrrpyroro pacceJIHHJI. 8KcnepnMeHT 

me noKa3LIBaeT, qTo Heynpyra11 qacTb c'eqeHHJI n0Tep1,, xoporuo 061,­

JicHJieTcJI TenJIOBbIMH KOJie6aHHJIMH aTOMOB OCHOBHoro ~emecTBa 6ea 

npnMeceii. 

5. IllepoxoBaTOCTH Ha noBepXHOCTH. 8TOT q>aKTOp MO)l{eT B :a;eJIOM npn­

BeCTH K yneJIHqeHHIO nJioma,n;n nonepXHOCTH CTeHKH, qTo 3KBHBaJieHT­

HO yBeJIHqeHHIO ceqeHHJI IIOTepb. O.n;HaKO IIpH 3TOM ,Zl;OJI)KHJ,l npo­

. nopnnoHam,Ho yBeJIHqnBaTbCJI n norJioma10ma11, n Heynpyra11 qacTn 

ceqeHHJI, qTo He COOTBeTCTByeT peayJibTaTaM 3KCIIepHMeHTa [l]. 

6. RJiaCTepHM CTpJKTypa BemecTBa.· 8TOT q>aKTop, ?,n;HaKo, npHBO,n;HT K 

yneJIHqeHHIO TOm,Ko Heynpyroii qacTH ceqeHHJI pacceJIHHJI, qTo npo­

THBopeqnT peayJibTaTaM 3KcnepnMeHTa [1]. 
TaKHM o6paaoM, HH o,n;nH na nepeqncJieHHLIX q>aKTopon He ,n;aeT y,n;onJie­

TBopnTem.Horo 061,JicHeHHJI peaym,TaTOB 3KCIIepHMeHTa. B ,n;aHHOll pa6oTe 

_c,n;eJiaHa IIOIILITKa 061,JicHeHHJI 3THX peaym,TaTOB nyTeM nepeCMOTpa HeKo­

TOpbIX_ q>yH,n;aMeHTaJIJ,HLIX IIpHHUHIIOB KBaHTOBOH MeXaHHKH, cyTb KOToporo 

IIOJICHJieTCJI B 'c.ire,n;yromeM IIYHKTe. 
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B · paa,n;eJie 3 06cym,n;a10TcH HeKoTopLie ,n;oKTpHHLI KBaHTOBoii_ ,MexaHHKH, 

TaKHe KaK COOTHOIIIeHHe Heonpe,n;eJieHHOCTH H KOIIeHrareHCKaJI HHTepnpe-' 

TaIJ;HJI. B paa,n;eJie 4 ,n;eJiaIOTCJI npe,n;cKa3aHHJI 3q>q>eKTOB, I{OTOpLie CJie,zi;yroT 

na npHHJIToro a,n;ec1,, 061,11cueHHJI aHOMaJIHn· YXH n KOTOpLie MOrJT 6LITb 

IIpOBepeHLI B ,n;pyrnx 3KCIIepnMemax. B paa,n;eJie 5 paCCMOTpeHLI Tpy,n;­

HOCTH, B03HHKaIOmne B CBJl3H C ,n;aHHLIM no,n;xo,n;oM H B03~0)1{HLle nyTH HX , 

npeo,n;oJieHHJI. 

2 OTpruKeHHe oT 6ap1,epa 

l.fro6LI noJICHHTI, CMLICJI npe,n;JiaraeMoro no,n;xo,n;a, paCCMOTpHM o6LiqHJIO 

aa,n;aqy KBaHTOBOii MeXaHHKH: OTpameHHe qacTHIJ;LI OT O,n;HOMepHoro noTeH­

nnam,uoro 6ap1,epa. qacrnna onncLIBaeTcJI nJiocKoii B0JIHOii t/J = exp( ikx ), 
na,n;aro~eii Ha 6ap1,ep cJiena. AMnJIHTy,n;a na,n;aromeii BOJIHLI panHa e,n;HHn:a;e, 

q'.J;o COOTBeTCTByeT O,n;Hoii qacTnne. IlpncyTCTBIIe 6ap1,,epa IIpHBO,n;HT K OT­

pameHHIO qacTH:a;LI C aMnJIHTy,ZJ;Oii R H K nponycKaHHIO ee C aMnJIHTy,n;OH 

T. Tax qTO OTpameHHaJI H nporue,n;ruaJI qacTHIJ;LI onHCbIBaIOTCJI BOJIHOBLIMH 

q>ynK:a;HJIMH "Pr= Rexp(-ikx), '1/Jt = Texp(ik[x__:_d]) cooTBeTCTBe~o, r,n;e 

d - runpnHa 6ap1,,epa. O,n;Haxo· na ,n;nyx ,n;eTeKTopon, noMememmx cnpaBa ' 

n CJiena OT 6ap1,epa, TOfilKO o,n;HH aaperncrpIIpyeT qacTnny, T.e. qacrnna 

6ap1,epoM He ,n;eJIHTCJI ua qacTII. 

· RaKHM o6paaoM qacTnna c nepoJITHOCTbIO IRl2 :a;eJIHKOM oxaaMnaeTcJI B 

OTpameHHOH C Bep05ITHOCTblO IT 12 HJUI ' ' neJIHKOM - B nporue,n;rueii BOJIHe, 

KBaHTO.BaJI MeXaHHKa He onncLinaeT. 

Bo3HHKaeT nonpoc, noqeMy qacTn:a;a ,Zl;OJl)l{Ha onHCbIBaTbCJI nJIOCKOii BOJI­

Hoii? MomeT JIH OHa OIIHCbIBaTbCJI naKeToM? . RBaHTOBaJI MexaHHRa 3TOro 

He aanpemaeT. Ho onncaHne oTpameuHJI II npoxo)l{,Zl;eHllJI noTeHIUiam,­

Horo 6ap1,,epa BOJIHOBbIM naKeToM yme co,n;ep)KlIT Heonpe,n;eJiemiocTb, KoTo­

pM CBH,n;eTeJIJ,CTByeT O HeIIOJIHOTe KBaHTOBOii MexaHHKH eme ,n;o napa,n;oxca 

8iiHruTeiiua-Ilo,n;om,cxoro-PoaeHa n HepaneiicTB BeJIJia. 

Ilpone,n;ypa BbiqncJieHHJI nepo11THocTeii oTpameHHJI II npoxo)l{,Zl;eHllJI no­

TeHIUiam,uoro 6ap1,,epa ,Zl;JIJI naKeTa COCTOHT n TOM, qTo BOJIHOBOH naKeT 

paaJiaraeTCJI no nJIOCKHM BOJIHaM: 

+oo 

tf;(x, t) = j dk\J!(k) exp(ikx - iwt), · 
-oo· . 

II aa,n;aqa pacCeJIHHJI peruaeTCJI ,Zl;JIJI Ka)l{,Zl;OH q>yp1,,e-KoMn0HeHTLI OT,ZJ;em,uo, 

T.e. uaxo.n;JITCJI aMnJIHTy,n;LI R(k) n T(k) ,n;JIJI Ka)l{,Zl;oii II3 nJiocKHX noJIH; 
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)];am.me B0JHHKaeT Heorrpe;n;eJieHHOCTb: KaK cqHTaTb nepoJITHOCTH oTpa­

meHHJI H rrpoxo)I{)];eHHJI? Ilo O,!Uloii: Bepcnn 

+oo . +oo 

, IRl2 = I dkl\J!(k)R(k)l2
, ITl2 = I dkl\J!(k)T(k)l 2 (1) 

-00 . -00 

IIpll YCJIOBllll, qTO 
+oo J dklw(k)l2 = 1, 

-oo 
T.e. HMeeTcJI Bcero O,!Uia rra,n;aroman qacTHI(a. 

Ilo ,n;pyroii: Bepc1rn 

·+oo +oo 

IRl2 = J dk klw(k)R(k)i2, ITl2 = J dk kl\J!(k)T(k)l2 (2) 
-oo -oo 

rrpll YCJIOBllll, qTo 
+oo 

J k dklw(k)l 2 = 1, (3) 
-oo 

T.e: IIOTOK nepBHqHI,IX qacTllI( paBeH e,n;HHHI(e. 

BupameHllJI (1) ll (2) npnBOJ:r;JIT, Boo6me ronopJI, K paJHhlM peJym.rn­

TaM. B rrepBOM cJiyqae rraKeT MOiKHO paccMaTpHDaTI, RaK OIIHCaHue rryqKa 

HeJa:BHCHMhlX qacTn:u;, a He oT,n;em.Hoii ~aCTHI(H; BTopoii me crroco6 6oJiee 

rrpe,n;rroqTnTeJieH, CCJIH rraKeT OIIllChlDaeT ;:r;eiiCTBHTCJil>HO OJ:r;HY e,n;HHCTDCH­

HYI-0 qacTmzy. MM 6y,zi;eM rrpu,n;epiKllBaTbCJI nToporo crroco6a. 

H CHOBa qacTHI(a 6y,zi;eT o6HapyiKeHa TOJibKO c OJ:r;HOH CTOpOHhl 6apbepa, 

HO KaK 3TO eii y,zi;aeTCJI - KBaHTODaJI MeXaHHKa He OIIHChlBaeT. OJ:r;HaKO, 

ecJIH B ceyqae IIJIOCKoii BOJIHhl BOJIHODM q>yHK:u;HJI cJiena n crrpana HMeeT 

· TaKoii: me Bn.n;, qTo y rra,n;aromeii qacTH:Uhl, TO B ceyqae rraKeTa 3TO yme He 

TaK. Ilpo:u;ecc pacceJIHllJI ,n;eq:iopMnpyeT BoJIHonoii rraKeT. '.:ho oJHaqaeT, 

qTo qacTHI(a ,n;ame B rrycTOM npocTpaHCTDe MO)KeT OIIHChlDaTbCJI caMhlMll 

paJJIHqHhlMll BOJIHOBhlMll q:iyHK:u;llJIMH, T.e. BOJIHODaJI q>YffK:u;llJI K qacTHI(e 

KaK TaKOBOH HHKaKoro OTHOIIICHllJI He HMeeT. 

Mhl rrpHMCM rHIIOTeJy, qTo 3TO He TaK H qTo Ka:)K)];OH qaCTHI(e B rrycTOM 

rrpocTpaHCTBe OTBeqaeT O,!Uia H Ta )KC DOJIHODaJI q>yHK:u;llJI. BepoJITHOCTll 

OTpaiKeHllJI OT 6ap1,epa H IIpOXO)I{)];CHllJI qepe3 Hero BhlquCJIJII-OTCJI D COOT-· 

BeTCTDHH c BhlpaiKeHllJIMll (2), HO BOJIHODOH rraKeT pacceJIHHOH qacTHI(hl 

J:r;OJiiKeH IIOJIHOCTbl-0 .. BOCCTaHaDJIHDaTbCJI. RaK 3TO rrpOHCXO,n;HT, Teopll1I B 

HaCTOJIIUHii: MOMeHT He OIIHChlDaeT, aHaJiornqHO TOMY, KaK KBaHTOBaJI MC­

XaHHKa He OIIHChlBaeT, c KaKoii: me CTOpOHhl 6ap1,epa OKa)KeTCJI Ka)I{,]];aJI 

KOHKpeTHaJI qacTn:u;a. 

TaKaJI rrocTaHOBKa He ,n;oJiiKHa npnnecTH K npoTnBopeqnro c KBaHTOBoii: 

MexaHHKOii:, IIOCKOJibKY ,D;JIJI Hee nee BOJIHOBhle q>yHK:u;llll xopomu, HO OHa 

4 

IIpllBO,n;HT K HeKOTOpbIM 3KCIIepHMeHTaJil>HO Ha6JI1-0,n;aeMbIM CJieJ:r;CTBHJIM, KO-;­

TOpbie KBaHTOBaJI MexaHHKa He rrpe,n;cKaJMBaeT, Holl He JarrpemaeT. 

IlpHMeM, qTo qacTHI(a OIIHCbIDaeTCJI llMMaHeHTHO rrpncyIUHM eii BOJIHO­

BbIM rraKeTOM_, n IIOIIbITaeMCJI CKOHCTpynpoBaTb TaKoii: rraKeT, qTo6bI c ero 

rroMOIUbl-0 MOiKHO 6MJIO 061,JICHHTb · aHOMaJIHI-O YXH. O61,ncHeHHe 6y,zi;eT 

COCTOJITI, B TOM, qTo rraKeT co;:r;epiKllT q:iyp1,e-KOMIIOHeHTbI C 3HeprIDIMll 

BbIIIIe 6ap1,epa H Ja cqeT 3TllX KOMIIOHeHT K034'4'llI(lleHT OTpaiKeHHJI Bcer,n;a ' 

MeHl>IIIe e,n;HHHI(bI. 

Ilpe)I{)];e Bcero OTMeTHM, qTo IIaKeT 3TOT He ,!l;OJl)KCH paCIIJII.tBaTbCJI. HHa­

qe BOJIHOBaJI q>yHK:u;llJI 6y;:r;eT MeHJITbCJI n rrpocTpaHCTDe H BO BpeMCHll, · H 

MM rrpn;:r;eM K rrpeiKHeii: cnTyannn, Kor;:r;a qac.rn:u;a MOiKeT onncMBaTbCJI ca­

MbIMH · pa3HbIMll DOJIHODbIMll 4'YHKI(ll1IMH, T.e. OHH K Heii: He HMeI-OT HHKa­

KOro OTHOIIIeHllJI. 

HepacrrJibinaromnecJI rraKe~M pacc1rnTpnnaJIHCb ;:r;e BpoiiJieM [3]. O.n;HH 

DHJ:r; rraKeTa MOiKHO IIOJiyqun, CJieJ:r;yI-OIUHM o6pa30M. PacCMQTPHM 06I,IqHoe 

ypaBHeHne Illpe.n;Hnrepa J:r;JIJI cno6o,!Uioii: qacTn:u;M: 

(i8/8t + b./2)1/;(r, t) = 0. (4) 

3;:r;ecb Mhl HCKJII-Oqu~ MHOiKllTeJII, ti2 /m, npH 3TOM npeMJI t HJMepJICTCJI B 

e,n;HHHI(aX m/n ll HMeeT paJMepHOCTb cM2• BoJl>MeM CTaI(HOHapHoe cq:iepu..: 

qecKH-CllMMeTpllqHoe peIIIeHHe 3TOrO _yp,rnHeHllJI: 

1/;(r, t) = j 0(sr) exp(-is
2
t/2), 

r;:r;e jo( sr) -: cq:iepuqecKan q:iyHK:u;llJI BecceJIJI: 

io(x) = sin(x)/x, 

(5) 

a s - napaMeTp, . KOTOphlii: HaXO,n;HTCJI B HaIIIeM pacnop1IiKCHHH. By,zi;eM 

cqnTaTb, qTO pemeHue (5), npe;:r;cranJIJiromee co6oii: cToJiqyro cq:iepuqecKH~ 

CllMMCTpllqHyI-O DOJIHY' OilllChlDaeT O,!UIY HepaCIIJihlBaIOIU.YIOCJI IlOKOJIIU.YIOCJI 

qacTmzy. 

Ilepeii:;:r;eM B CHCTCMY OTcqeTa, J:r;Dll)KYIU.YI-OCJI D OTpHI(aTCJII,HOM Harrpan­

JICHHH OCH X co CKopoCTbl-0 v . .[(JIJI 3TOro nepeo6oJHaqHM ROOpJ:r;HHaTL1: 

x = x' -vt (6) 

H BOJIHODYIO q>yHK:u;lll-0 

1/;( r, t) = exp(-ivr' + iv2
t/2)1/;'(~', t), (7) 

r;:r;e .;., = ( x', y, z), H IIOJ:r;CTaDHM (6),(7) e (4). B peJyJII,TaTC noeyqnM ypaBHe­

HHe J:r;JIJI t/J'' HMeIOruee D Koop,n;HHaTaX r' TaKoii: )Ke DH.LC, qTo H D KOop.zurnaTaX 
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r, T.e. B .!UIHlliyIUe:iic11 CHCTeMe OTC'leTa perneHHeM ypaBHeHH/1 (4) IIBJIJieTC/1 

q>yHKUHII 

'I/J'(s, v, r', t) = exp(ivr' - iv2t/2)'1/J(r, t), (8) 

r.ne CJieBa BhIIIHCaHI,l Bee napaMeTphl, OT KOTOphIX OHa 3aBHCHT. 

Ilo,ncTaBHB BMeCTO r ero BhlpaJ«eHHe COrJJaCHO (6) H orrycTHB IIITPHX, 

IIOJIY'laeM, 'ITO perneHHeM ypanHeHH/1 (4) IIBJIJieTC/1 He TOJlbKO <l>YHKUH/1 (5), 

HO Ii <l>YHKUH/1 

'ljJ(s, v, r, t) = Jo(sir - vtl) exp(ivr - iwt), (9) 

OIIHChIBaIOIUM .!UIH)KeHHe rraKeTa (5) co CKOpOCTbIO v. (3aMeTHM, 'ITO B Ha­

IIIIIX e,ZlHHHIIaX CKOpOCTb HM~eT pa3MepHOCTb 1 / CM, COBrra.na10my10 C pa3-

MepHOCTbIO BOJIHOBoro BeKTOpa.) llIHpHHa rraKeTa xapaKTepHayeTC/1 rrapa­

MeTpOM s, a ero 3HeprH11 

w = (v2 + s2)/2 

,COCTOHT H3 .!UIYX 'lacTeii. O,ZlHa ( v 2 /2) OTHOCHTC/1 I{ KIIHeTH'leCKOH, a ,npyra11 

( s2 /2) IIpHXO,ZlHTC/1 Ha y.nepmaHHe rraKern KaK ueJioro, T.e. Ha y,nepmaHIIe 

ero OT pacrrJILIBaHIDI. 

IloeytieHHLiii rraKeT HeHopMHpyeM, Ho 3T0 He ,noJiiruio oco6eHHo cMyIUaTb. 

HarrpHMep, IIJIOCKa/1 .BOJIHa TO)Ke HeHopMHpyeMa, HO IIpH peIIIellHH aa,na-q 

pacce11HH1I 3TO o6cT011TeJibCTBO He MernaeT. 

qT06hl rrpoBepHTb II03BOJIJieT Jill rraKeT (9) o6'b11CllllTb aHOMaJIHIO, pac­

CMOTpHM ero q>ypbe-crreKTp. <l>ypbe-pa3JIO)KCHHe q>yHKUHII (9) IIMCeT BH,n: 

'I/J(s, v, r, t) = j exp(ip[r - vt] + ivr - iwt)o(p2 
- s2

) d3p/21rs, (10) 

HJIH 

'ljJ(s, v, r, t) = j exp(ipr - ip2t/2)o((p - v)2 
- s2

) d3p/21rs. . (11) 

OTCIO,na CJie,nyeT, 'ITO CilCKTp TaKoro rraKCTa B HMIIYJibCIIOM rrpocTpaHCTBC 

rrpe.n;cTaBJIJieTC/1 B BHite ccpephl pa.n;Hyca s C u;eHTpOM n TO'!Ke V. 

CrreKTp ( 11) rroKaaunaeT, '!To rraKeToM ( 9) 061,11c11HTh a110MaJIII10 YXH 

HCJih311. .Ue:iicTnHTeJlbHo, .n;oJIJI crreKTpa, oTBetiaromero aa Ha.n;6apbep11oe 

rrpOHHKIIOBCIIHC n BCll{eCTBO, ,ZlOJI)KHa 6h1Tb MaJioii: BeJIII'IHHOH nop11,ZlKa 10-5 ' 

Hllatie IICJlb311 OilHCaTb 11a6JI10.n;aeMoe Ha 3KCIICpHMCIITC IlO'ITII IlOJIHOe. OTpa­

lRCHHe. Ilo3TOMY pa,n;Hyc s n CIICKTpe pa3JIO)KCIIH11 (11) )l;OJI)KCII 6uTb MaJI 

no cpanHeHIIIO C rpallll'IHO:i:i: CKOpOCTbIO VIim = y'tio. O,ZlHaKo B 3TOM CJIYtiae 

HC:i:i:Tp011hl co CKOpOCT/IMH V < VIim - s He 6y.nyT co.n;epJKaTb KOMIIOIICHT ,ZlJI/I 

11a,n6apbepHoro npoxo)K.ZleHHII, II a110MaJIH11 ,ll;Jl/I IIIIX ( a 3TO 60JlbIIIllHCTBO) 

OCTaCTC/111eo61,11c11eH11ott. 
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O6'b1ICHeHHe CTaHOBHTC/1 B~3MO)KHIJM, ,ecJIH (10) .3aMeHllTb pa3JIO)KeHHeM 

' 
. ~(s, v, r, t) = c j exp[ip(r - vt) + ivr - iwt]41rd

3
p/(21r)

3(p2 + s2
), (12) 

HJIH 

·'·( ) _ 1•exp[ipr - i(p
2 

- IP- vl
2 

- s
2
)t/2] 41rd

3
p 

'+' s, v, r, t - c . (IP_ vl2 + 82 (21r)3 ' (13) 

r.ne C - rrpoHJBOJlbHa/1 KOHCTaHTa, a~ = ( v 2 - s2) /2. 

· lIHTerpaJI <l>ypbe (12) rrpe.ncrnnJIJieT co.6oii <l>YHKUIIIO 
' ,' , 

. 'I/J(s, v, r, t) = cexp(ivr - iwt) exp(-slr - vtl)/lr - vtl. (14)'. 

cha q>yHKUH/1 HOpMHpyeMa, TaK 'ITO C MO,KHO C'lllTaTb HOpMIIpOBO'IHhIM' 

MHO)KHTeJieM. 

Ilo,ncrnBHM ( 14) B ypaB11e11IIe ( 4). IloJiy'IHM 

(i8/8t + 6./2)'1/J(r, t) = -21rC(t)o(r - r(t)), (15). 

r.ne r(t) = ro + vt - KOOp,nHHaTIJ tiaCTHUhl, .!UIH)KYIUCHCJI co CKOpOCTblO 

v,a 
C(t) = cexp(i[v

2 + s2
]t/2). 

8TO 03HatiaeT, 'ITO BOJIIIOBOH IIaKCT (14) )'.ZlOBJICTBOplleT 0,ZlHOpO,ZlHOMY ypaB- · 

HCIIIIIO IIIpe~repa IIO'ITH BO BCCX (KpoMe O,ZlHo:ii) TO'!Kax rrpocTpaHCTBa. 

O,ZlHaKo BCC )KC OTJIH'llle OT O,ZlHOpO,ZlHOro ypaBIICHHII IIMeeT MCCTO, II MhI 

rrpIIMCM rHIIOTC3Y' 'ITO HMCIIIIO ypaBHCIIHC ( 15) IIBJI/ICTCJI o·c110BllbIM B KBaH­

TOBOH MeXaHHKe, a IIC 0,ZlHOpO,ZlHOC ypaBHCHIIC IIIpe,nHHrepa. HeKOTOphIC 

CJie,ncTBH/1 3TOH rHIIOTC3hl 6y.nyT paccMOTpCllhl Il03JKe. 

HopMHpoBKY MO,KHO onpe,neJIHTb cJie.nyIOIUIIM o6paaoM: 

+oo 
j d2r11dtv.Ll'I/J(s,v,r,t)l2 = l, (16) 

-oo 

r.ne ru - KOOp,nHHaTLI, napaJIJICJlbHIJe npOII3BOJlbHOH IlJIOCKOCTII, a V .L -

KOMilOHCHTa CKOpOCTII, rrepneH,nHKyJIJiplla/1 3TOH me IlJIOCKOCTII. . TaKM 

HOpMIIpOBKa 03HatiaeT, 'ITO aa 6ecKOHC'IHLIH lIHTepBaJI BpeMeHII -qepe3 JIIO-

. 6y10 BbI6paHHYIO IIJIOCKOCTb npoJieTaeT O,ZlHa 11acTIIIJ;a. 

YcJIOBIIe HOp.MIIpOBKII MO)KHO BbI6paTb II n IIHOM BII,ne: 

+oo 

j l'I/J(s, v, r, t)l 2 d3
r = 1. 

-oo 

. TaKM HOpMnponKa 03HatiaeT, 'ITO BO BCCM npocTpaHcTBC IIMCCTC/1 O,nHa 

C,nHIICTBCIIHM 'laCTIIIJ;a. 
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EcTeCTBeHHO, 'ITO o6a ycJIOBIDI HOpMHpOBRll 3IOHIBaJieHTHhI H npHBO,II,IIT 

K O,n;HOM)' H TOMY )Ke 3Ha'leHHJO C = Js/21r. --
HeTppi;HO y6e,zurTLCJI, 'ITO ecJIH HOpMnponaTI, Ha e,zurHH'IHLiii: IlOTOK B 

_cooT:iieTCTBllll c (3), To BLipameane (13) npnno,zurT K noToKy 

J 
_: (41rc)2 +Joo(p+v).Ld3p - 2- 2 / 
- ( )3 . ( 2 2)2 - 7rC V_t S. 

27r -00 p + s 

YcJIOBHe (3) npHBO.IUIT K HOpMHpOBO'IHOH IlOCTOJIHHOH c = Js/21rv_t. I1H~ 

TepeCHO OTMeTHTL, 'ITO BCe TpH .ycJIOBIDI HOpMnponrur npHBO,II,IIT K O,n;HOMY 

H TOMY me K03cpcpnu;neHTY OTpameHIDI H npoxoJR,UeHIDI. Hae 6y,n:eT HHTe­

pecoBaTL Ko3cpcpnu;neHT Ha.n;6apnepaoro npoxoJR.UeHIDI, n MLI ero TenepL 

BhI'IHCJIHM. 

IloKa,KeM, 'ITO cpyHKIJ;IDI (14) Il03BOJIJieT peIIIHTI, npo6JieMy aHOMaJIHH, 

IlOCI{OJII,Ky B ee cneKTpe (12) Bcer.n;a eCTI, KOMilOHeH'1:hI C 3Heprneii: BhIIIIe 

6apnepa. .ll:JIJI 3TOro ou;eanM BeJIH'IHHY aa.n;6apnepaoro npoHHKHOBeHIDI 

Heii:TpOHa B BeIUeCTBO. 

Bepo11TiiocTL npoHHKHoBeHIDI W cornacao npe.n;crnBJieHHIO (13) .n;aeTCJI 

BLipameaneM 

W = (41rc)2 Joo 0(1 I> . ) [1- IR(p.t)l2] .P.L~ d3 (17) 
(21r)3 -oo P.L _Vhm [(p-v)2+s2]2 IP.ti P, 

r.n;e 0-cpyHKIJ;IDI paBHa e,zurHHIJ;e npn IlhIIlOJIHeHHH HepaBeHCTBa, yKa3aHHOro 

B ee apryMeHTe, HJIH HYJIIO B npoTHBOilOJIO)KHOM CJIY'lae, 

R(p_t) = IP.ti -1~1 
IP.ti+ IJPl - ul 

- aMnJIHTy.n:a OTpa»<eHHJI IlJIOCKOii: IlOJIHhI C HMilYJII,COM p, u - IlOTeHu;HaJI 

CTeHRU, P.L - HOpMaJII,HaJI K CTeHKe KOMilOHeHTa neKTopa p. 
BLipameane (17) MO)KHO TaKme ·npe.n;cTaBHTL B nn.n;e 

(41rc)2 Joo 4p.t(p1 - u) 
W = -(2 )3 0(IP.tl > VJim) ( ~)2 X 

1r o P.t+vP.t-u 

X . - .,..,.----- d3 
[ 

1 · 1 ] 
[(p - v)2 + s2]2 [(p +v)2 + s2]2 p. 

(18) 

IlpOHHTerpnponaB no KOMilOHeHTaM P11, napaJIJieJII,HhIM nonepXHOCTH paa­

.n;eJia, IlOJIY'IHM HHTerpaJI 

W-- & 16s' 
00 

x2(x2 
- 1) [ 1 ] 

- 1r ( (x + v'x2=!)2 [(x - y)2 + 812][(x + y)2 + 812] ' 
(19) 

r.n;e X = P.t/VJim, y = V_t/Vlim, s' = s/vlim• 
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Ilpn MaJILIX v npcHc6pcmeM y u s' rro.n; HHTcrpaJioM. B peayJILTaTe 

IlOJIY'IHM 

W = 16s j°" (x2 - 1) dx ~ _!__ (20) 
7rVIim 1 x 2(x + J:r2 - 1}2 V1im 

ConocTaDJIJIJI noJiyticHHoc 3Ha'lcHne c K03cpcpnu;neHTOM rroTepL YXH [2] 

JL = 217v/v1imF W, 

r.n;e 11 - rrpnnc.n;cHHhiii: Ha6JIIO.n;aeMhiii: aHotrnJILHhiii: Ko3cpcpuu;neHT rroTepL 

T/ ~ 3 · 10-5 [l], aaxo.n;nM , r 

s = 2qv ~ 6v • 10-5_ 

8Ty IlCJIH'IHHY MO)KHO IIJ)HHJITJ, 3a OIJ;CHKY CKpLIToro napaMeTpa s. 
3aMeTHM, 'ITO paneHCTilO 7:(t) =To+ 'lit n (15} cnpane.n;JIHilO TOJILKO ,D;JIJI 

CBo6o,n;Horo .n;nnmeHIDI, ll', 'ITOfihI fihlTI, IIOCJIC.n;onaTCJILHhIM, Hco6xo,D;IIMO npn 

HaJIH'IHH IIOTeHu;HaJia V ( r} peIIIaTI, ypanHCHHC ' 

(i8/8t + 6./2 - V(r))ip(r, f;) = -21rC(t)8(r - r(t)), (21) 

r.n;e r( t) rrpe.n;cTaDJIJIIOT co6oil Koop.n;HHaThI TO'IC''IHOH qaCTHIJ;hI, KOTOphie 

JIIlJIJIIOTCJI peIIIeHHeM raMHJILTOHOilhIX ypanHeHHii Il IlOTCHIJ;HaJie' KOHCTpy­

npyeMOM na V(r) n ip(r, t). 1-ho H3 ce6n npc.n;crnnJIJieT 3Ta KOHCTJ>YKD;IDI, 

IlOKa HCJICHO. Ho JICHO 0,n;HO, 'ITO Il TaKOii CXCMC <l)YHKU:IDI '1/•(r; t) rrpe.n;­

CTaDJIJICT co6oii: He aMilJIHTYAY ncpoJITHOCTH, a HeKoe IlOJIC, aHaJiorn'IHOe 

KyJioHoncKoMy rroJIIO aap11.n;a, orrpc.n;eJIJIIOIUec naanuo.n;eii:cTnne qacTHUhI c 
OKpymaIOIUHMH OOoCKTaMH. Ilpn 3TOM nepOJITHOCTI, aaxnaTa 'laCTHIJ;hI, .n;e­

TCKTOpoM, pacnoJIO)KCHHhIM Il TO'IKC r, onpe.n;eJIJICTCJI UHTCHCHilHOCTLIO Il3a­

HMO,D;CHCTilHJI .n;eTCKTopa C 'lllCTHUCii:, II, 'IT06LI HC CIIJILHO y.n;aJIJITJ,('Jl OT 

cymecTDYIOIUIIX KaHOHOil, 3TY IIHTC'HCIIIlHOCTI, Il3aIIMO,D;('llCTilIIJl H:ViKHO_ npn-

HJITI, nponopu;IIoHaJII,HOii 1~•(1·)12. · 

3 ,lJ;Be .l{ORTpHHhl RiiaHTOBOH MexaHHRH 

B aeyTnxaromcii ,zurcKyccnII 06 ocmmax KDaHTonoii Mcxamrnn [.t, 5] rrpo­

CJie)Kllim10TcJI .n;na MHeHIIJI: corJiaCHO O.n;HOMY - KilllHTOilllJI MexaHIIKa He 

noJIHa, corJiacHo me .n;pyroMy oHa npe.n;CTaDJIJICT co6oii: rroJIHYIO II Jiornqc•c­

KII acrrpoTIIDopeqnnyro TeopIIIO. AnTop npn.n;cpmnnaPT<'JI ncpnoro MHCHHJI 

H ymc · npIIDO.IUIJI IlhIIIIe O.IUIH II3 apryMeHTOil Il 311IUHTY cnoeii Il03IIUHII, a 

OilhIT pa60TLI C IlhIIIICilpnne.n;eHHhIMII rraKeTatm .n;aeT OCHOilaHUC KpIITII'll'C­

Rll narJIJIHYTL na ncKoTopLie rrpIIHUHilLI KDaHTonoii MexanuKII. Hume 6y.n;_VT 

. npnne.n;CHLI apryMCHTLI Il 3HIUHTY CJIC,D;_VIOIUHX TC'3II<'OD: 
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1. CooTHOUieHJie Heonpe.n:eJieHHOCTll He llMeeT HllKaKoro OTHOUieHllJI K 

cyrn;HOCTll KBaHTOBO:ii: MexaHHKll, XOTJI ll IIOJie3HO; 

2. Ha6mo.n:eHHe HHTepcpepemurn He JanpemaeT tiaCTHn;e HMeTI, onpeie­

JieHHYlO TpaeKTOplllO. 

3.1 CooTHOWeHHe Heonpe~eJieHHOCTH 

YTneplR,ll;aeTCJI, 'ITO _0.11:HllM ll3 KllTOB, Ha KOTOphIX OCHOBaHa KBaHTOBaJI_ Me­

xaHHKa, JIBJIJieTCJI COOTHOIIIeHlle Heonpe.n:eJieHHOCTll, KOTOpoe CJie.n:yeT ll3 

HeKOMMyTaTIIBHOCTll onepaTopon. HarrpnMep, II3 KOMMyTaIJ;IIOHHOro COOT-. 

HOUieHllJI 

[xp]_ = in (22) 

BI,ITeKaeT COOTHOIIIeHHe Heonpe.n:eJieHHOCTll 

(Llx)2(Llp)2 2: n2/4, (23) 

OTKy.n:a 1IK06hl CJie.n:yeT, 'ITO qacTnu;a He MomeT 0.11:HOBpeMCHHO nMeTI, TO'I­

HO onpe.n:eJieHHOe IIOJiomeHne B npocTpaHCTBC n TO'IHO orrpe.n:eJieHHhIH IlM­

rrym,c. 

. Ha caMoM me .n:eJie cooTHOUieHne Heorrp.e.n:eJieHHOCTH 1) He IIMeeT Hn­

KaKoro OTHOUieHllJI K cymecTny KBaHTOBO:ii: MeXaHHKII ll 2) ·He 3arrpemaeT 

qacTHIJ;e llMeTb TO'IHO onpe.n:eJieHHhIC IIOJiomeHne Il llMIIYJibC 0.1J:HOBpeMeHHO. 

KnaHTonyio MexaHHKY MoJRHo orrpe.n:eJillTh KaK MaTeMaTntiecKH:ii: arrna­

paT .11:JlJI Bhl'IIlCJieHnJI aMIIJIHTy.n: pacceJIHilJI ll ypoBHeH 3Heprllll CBJI3aHHhIX 

COCTOJIHllH. 3TOT arrrrapaT IlMeeT .n:eJIO c <pYHKUilJIMil IIpOTJIJReHHhIMII n rrpo­

CTpaHCTBC. .l{JIJI Jil060H me npornmeHHOH <pYHKUllll f ( X) B rrpocTpaHCTBe 

X MOJRHO orrpe.n:eJIHTb <pypbe-o6pa3 

F(k) = j
00 

f(x)e;1cxdx 
271" -co 

B npocTpaHCTBe k, n MCJR.n:y UinpnHaMn q>yHKUnn B rrpocTpaHcTnax x H k 
IlMeCTCJI COOTHOIIIeHne, CTaBUiee, 6Jiaro.n:ap11 KBaHTOBOH MexaHnKe, Il3BeCT­

HhIM KaK COOTHOUieHne HCOIIpe.n:eJieHHOCTC:ii:. TaKnM o6pa30M, COOTHOUieHne 

HConpe.n:eJieHHOCTe:ii: OTHOCilTCJI K KBaHTOBO:ii: MeXaHnKe TOJll,KO IIOCTOJll,KY' 

IIOCKOJihKY .11:JIJI ee Bhl'IIlCJieHn:ii Tpe6yioTCJI IIpOTJIJReHHhle <pyHKIJ;Hil. EcJill 

OTBJie'IbCJI OT KOHCTaHThl h, TO COOTHOUICHile Heorrpe.n:eJieHHOCTil llMeeT Me­

CTO ll B aKycTnKe, Il B KJiaCCH'IeCKOH 3JieKTpO.n:nHaMHKe, H B OIITHKe, H B 

MexaHnKe .n:ecpopMHpyeMhIX cpe.n:. . 

TioKameM Terrepb, 'ITO KnaHTona11 MexaHnKa He JarrpemaeT qacTHU:e nMeTb 

TO'IHO onpe.n:eJieHHhIC IIOJiomeHHe H HMIIYJibC 0.1J:HOBpeMeHHO. 
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Bonpoc o rroJiomeHHH II nMnym,ce qacTHUhl 3TO B rrepnyio oqepe,ll;I, iio­

rrpoc orrpe.n:eJieHllJI. M J.n:ecb He cJie.n:yeT cMeUinnaTb MaTeMaTn1IecKoe. orrpe­

.n:eJieHHe n orrpe.n:eJieHHe c IIOMOIIJ;hlO <pH3H'IeCKHX rrp116opon. TiocJie.n:nee 

ncer.n:a co.n:epJRHT Heonpe.n:eJieHHOCTH, KOTOphle 3an11c11T n OT pa3Mepon rrp11-

6opa, H OT ero B3ailM0.1J:eHCTBIDJ: C paccMaTpHBaeMOH 'laCTIII(e:ii. 

Hae 3.11:CCb IlHTepecyeT MaTeMaTn'leCKOe orrpe.n:eJieHne, IIOCKOJI!,KY B o6-

meripHH1ITOH .n:oKTpHHe KBaHTOBOH Mex_aHHKH pe'lb n.n:eT HMeHHO o rrpHHUH­

rr11am,Hoii HeB03MOJRHOCTH MaTeMaTH'IeCKOro 0.11:HOBpeMeHHOro orrpe.n:eJieHllJI 

Koop.n:nHaT H HMrrym,ca 'laCTHU:hl npH CKOJll, yro.11:HO conepUieHHhIX q>H3H'le­

CKHX rrp116opax. 

Hallie YTBeplR,ll;eHHe COCTOHT n CJie.n:yiorn:eM: COOTHOIIICHHe (22) conep­

IIICHHO rrpaBHJII,HO, HO IIOJiomeHHe ( o6o3Ha'IHM ero X) n IlMIIYJihC ( o603Ha-

1IHM ero P) 'laCTIIIJ;hI HCJI~31I OTOlR,ll;CCTBJIJITb C orrepaTOpaMII X H 

p = -indjdx. X 11° P MQJRHo onpe.n:eJillTh pa3Jill'lHhIMII crroco6aMII. Ha­

rrp11Mep X MO?f{HO orrpe.n:eJillTh KaK u;eHTp ,TJIJRecTH noJIHono:ii q>YHKUHII, IIJIII 

KaK MaKcIIMYM M0.1J:YJIJI BOJIHono:ii q>YHKUIIII, a P - KaK mX, r.n:e X - cKo­

podb TO'IKH X. 
Heorrpe,neJieHHOCTb B orrpe.n:eJieHIIH TO'IKH X CTOJll, JKe ecTeCTBCHHa, KaK 

aHaJiorll1IHa1I Heorrpe.n:eJICHHOCTb ,Zl;JIJI KJiaCCll'lCCKoro HCTO'lC'lHOro 061>eKTa, 

HarrpRMep, q>yT6om,Horo MJitia. 

TioKameM, 'ITO aHaJiorH'lHhle nonpochl orrpe.n:eJieHllJI rroJiomeHllJI ll HM­

IIYJibca CBOHCTBeHHhl H KJiaCCll'leCKOH q>H3HKe. .l{JIJI rrpRMepa B03bMeM KJiac­

Cll'leCKYlO 3apJIJReHHYlO 'laCTllUY- EcJIII OT6poCllTb KYJIOHOBCKOe IIOJie, TO 

IIOJiomeHRe qaCTllIJ;hI MaTeMaTll'leCKH ecTeCTBeHHhIM o6pa30M orrpe.n:eJIJieTCJI 

CKOJll, yro.n:no TO'IHO Koop.n:nHaTHOH TO'IKOH, B KOTOpOH OHa HaX0.11:IlTCJI, a 

q>ll3ll'lecKoe orrpe.n:eJieHHe orpaHH'lllBaeTC.11 TOJll,KO pa3MepoM rrpR6opa. 

Y1ITeM Terrepb KyJioHOBCKoe rroJie. TipRcyTcTnlle rroJIJI rrpn.n:aeT 1IacTmi;e 

rrpoTJIJReHHOCTb, KOTOpM HMMaHeHTHO CBJI3aHa C qacTRU:eii:. CoOTBCTCTBeH­

HO B03HHKaeT ll COO~HOUieHRe He"orrpe.n:eJieHHOCTll. O.n:HaRo OHO He MeUiaeT 

0.1J:H03Ha'IHOMY onpe.n:eJieHHIO noJiomeHllJI qacTRU:hl ll ee HMrrymca. EcTeCT­

neHHhIM MaTeMaTH'leCKHM orrpe.n:eJieHHeM IIOJiomeHllJI 3JieKTpoHa JIBJIJICTCJI 

Roop.n:nHaTHM TO'IKa, B ROTopo:ii IIOJie llMeeT CllHryJIJIPHOCTb. .l{nlllReHHe 

CllHryJIJipHOCTil orrpe.n:eJIJieT CKOpOCTb, a BMecTe C Hero II IIMIIYJibC. 

<l>ll3ll'leCROe me onpe.n:eJieHHe B . .n:aHHOM CJIY'lae orpaHll'lCHO He. TOJibKO 

pa3MepaMll rrpR6opa, HO ll ero B3ailMO,ZJ;e:iicTBlleM C 3JieRTpII1ICCRIIM ·uoJieM 

3JieRTpoHa. TipR6op 3aperIIcTpRpyeT 'laCTRUY Tor.n:a, Ror.n:a B3aI1Mo.n:eiicr­

BI10e c.HeH CTaHeT ,Zl;OCTaTO'IHO CHJibHhIM. (.LJ:ocTaTO'lHO - xapaRTepI1CTIIKa
0 

rrp116opa.) TI pH 3TOM IIOJiomeHIIe 'IaCTllU:hl C q>II3II'leCROll TO'IKH 3peHllJI 

orrpe.n:eJIJieTCJI pacrrpe.n:eJieHReM IIOJIJI OKOJIO Hee. KcTaTII, CllJIY B3aIIMO,ZJ;eH-
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CTBIDI).UJyx 3~pJI,ZJ;oB MOlRHO ctIHTaTL rrporropunoHam.Hoii F ~ <f}, ecJin rro.n; 

</> ~pnIDITb BeJIH'IHHY </> = ~Jr, r.n;e q1,2 - 3apJI.llLI B3anMo.n;eiicTByromnx 

TeJI,. a r - paCCTOJIHlle Me»<,ny HilMll. 

l-haK, OKOH'IaTeJibHOe yTnep)l{,l(eHne COCTOHT n CJie.n;yromeM. l.JacTHUa 

MO)I{eT HMeTb o,iuiOBpeMeHiiO, T0'IHO orrpeJ];eJieHHhle ll noJIO)I{eHHe Il llMnymc. 

CooTHOIIIeHne (22) rrpe.n;craBJIJieT co6oft TpHBHamHoe cJieJJ:CTBne _onpeJJ:e­

JieHIDI p ~ -ind/ dx, a COOTHOIIIeHne (23) crrpaBe,ll;JillBO ,ll;JIJI JII06oii cpyHK­

Ullll ll ee cpyp1,e-06pa3a' He3clBHCllMO OT T~ro, HMeeT 3Ta 4>yHRUHJI OTHO­

IIIeHn:e K RBaHTOBOH Mexamme HJIH HeT. R KBaHTOB0H MexaHHKe B COOTHO­

rneHlli!X (22),(23) 0TH0CllTC.11 . TOJibKO KOHCTaHTa. n, HO ee B ,n;aHHOM 'CJiyqae 

MOlRHO paccMaTpHBaTb TOJibKO KaK nepeonpe,n;eJieHne MaCIIITa6a B cpyp1,e­

npocTpaHCTBe. 

Roop,zu1HaTa x II. npon3BOJJ:HM d/dx npe,n;cTaBJIJIIOT co6oii HeKoTophle 

onepaTophl, a He noJiomeHne qacTHUhl n ee n:MnyJii.c. IlocJieJJ:Hne onpe­

,n;eJIJIIOTCJI B BHJ];e MaTeMaTH'IeCKOro O)I{ll,ll;aHHJI OT yKa3aHHhlX onepaTopoB. 

OJJ:HaKo,TaKoe orrpe,n;eJieHrre crrpaBeJ];JIHBO TOJibKO TOrJ);a, KOrJ];a COOTBeTCTny-

10mne IlHTerpaJihl CXOJl:JITCJI. EcJIH HHTerpaJihl He CXOJl:JITCJI, TO Tpe6yeTCJI 

npoue.n;ypa peryJIJipn3aunn. 

,[(JIJI rrpoTJI)I{eHHhl:X ofo,eKTOB noJiomeHne n nMnyJILC 11acTHUhl MOlRHO 

orrpe,n;eJIJITb pa3Jill'lHhlM o6pa30M. HarrpnMep, y 11aCTllD;hl c BOJIHO~b!M rra­

KeTOM (9) rroJiomeHne MOlRH0 orrpe,n;eJIHTb no noJiomeHnIO 1rnKCHMyMa ee 

BOJIHOBOro rraKeTa, a llMnymc (rrpn Ji3neCTHOH Macce) - no CKOpOCTH rra­

KeTa KaK ueJioro. Ilpn 3TOM JierKo Bll,UeTb, 'ITO ll KOOpJJ:HHaTa (T.e. IIOJIO)I{e­

Hlle) n IlMIIYJibC 'laCTllUhl MoryT 61ITb OJl:HOBpeMeHHO onpeJ];eJieHhl co CKOJib 

yro~o 6oJibIIIOH TO'lHOCTbIO. , 

IlpoTHBOpe'IHT Jlll 3TOT cpaKT COOTHOIIIeHIDIM (22} ll (23)? Pa3yMeeTCJI 

neT. CoOTHOIIIeHIDI, (22) ll (23) HCTllHHhl, HO llCTIIHa 3Ta K cym;ecTBy RBaH­

TOBOH MexaHHRH He nMeeT HnKaKoro OTHoIIIeHHH, TaKme KaK K RBaHTOBOii 

MeXaHIIKe HHKaKoro OTHOIIIeHIDI He HMeeT a6comOTHO llCTllHHOe YTBep)l{,l(e­

Hlle, 'ITO 'lllCJIO ../2 nppaunoHaJibHO'. TeM He MeHee, COOTHOIIIeHIDI (22), 
(23) IIOJie3Hhl, ll IicnoJib30BaHHe llX B RBaHTOBOH MexaHnKe (rnK me KaK 

IlCIIOJib30BaHHe ../2) BIIOJIHe ueJiecoo6pa3HO. 

3.~ KoneHrareHCKaJI HHTepnpeTaun:n KBaHTOBOH MexaHHKH 

PaccMOTpllM Tenepb BOIIpoc O COOTHoµreHllll TpaeKTopnn II ,llHTepcpepeH­

Ullll. Mb! yTBep)l{,l(aeM, 'ITO RBaHTOBaJI MexaHHRa He, 3anpemaeT 11acTnue 

HMeTb CTporo onpeJ];eJieHHyIO TpaeKTOpllIO npn OJJ:HOBpetrnHHOM Ha6JIIO,ll;e­

HUH HHTepcpepeHUHH. 

,ll;JIJI KOHKpeTHOCTH paccMOTpHM 3TO YTBep)l{,l(eHne TOJibKO B OJJ:HOM ac-
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neKTe: llCCJie.n;yeM JJ:HcppaRUHIO 11aCTHUhl Ha .n;Byx meJIJIX. CorJiaCHO KOIIeH­

rareHCKOH HHTepnpeTaunn 6ecnmcJieHHO o6cyJl{J:(aTb 11epe3 KaKyIO mem 

npoIIIJia 11acTnu;a. EcJin Ha6JironaeTcJI HHTepcpepeHUIDI, TO qacTnua npo­

xo.n;nT cpa3y 11epe3 o6e lll;CJIH. MLI yrnep)l{,l(aeM, 'ITO 3TO He TaK, ll MOlRHO 

MaTeMaTH'leCKH TO'lHO orrpe.n;CJIHTb qepe3 KaKyIO meJib ll .n;ame qepe3 KaKyIO 

TO'lKY ::>Toft meJin npoIIIJia qacTnua. 

YTnep)l{,l(CHlle OCHOBaHo Ha TOM, 'ITO none,n;eHHC qacTUUhl onpe.n;eJIJieTCJI 

CBOHCTBaMH ee BOJIHOBOH <l>YHKUHH, KOTopaH JIBJIJICTCJI rrpOTJI)I{C~HbIM 061,­

eKTOM, T.e. noJieM, ll 3TO noJie MO)I{CT pacccnnaTbCJI Ha OKpymaromnx 061,­

eKTax, 'lTO 3RBHBaJICHTHO B3allMOJ];CHCTBllIO C HHMll. Ilo 3TOH npll'IHHe llH~ 

Tepq>epeHUHOHHaJI KapTnHa JJ:OJI)I{Ha Ha6JIIO.UaTbCJI, .n;ame ecJIH qacTnua 3a­

ne.n;oMo rrpoXOJJ:HT 11epe3 onpeJJ:CJICHHYIO meJib, IIOCKOJibKY ee TpaeKTOpIDI 

onpe.n;eJIJieTCJI B3allMOJ];CHCTBllCM noJIJI qacTHUbI C 3KpaHOM 'll 3aBHCllT OT 

TOro, oTKpHTa BTopaJI .mem HJIH HCT. Ilono6Ha~ HHTepcpepeHIIIDI ,n;oJilRHa 

Ha6Jiro.z:iaTbCJI, HarrpnMep, ,ll;JIJI l{JiaCCH'lCCHO:ii 3apJI)I{CHHOH qacTHUbI C ee Hy­

JIOHOBCKHM noJieM. 

,ll;JIJI HeiiTpaJibHOH 'laCTllULI, Hanpmwp ,ll;JIJI HCHTJ)OHa, 3TO B3allMO,ll;e:ii­

CTBHC MO}KHO rrponepHTb n JJ:ByxmeJICBOM 3KcnepHMCHTe CJie~yromm.1 o6pa-

30M. IleperoppJJ:HM CHaqaJia o6c lll;CJIH ,ll;CTCl{TOpaMH ll HaCTJ)OHM na.n;aromnft 

rryqol{ TaRHM o6pa30M, 'lTOfiLI CKOJ>OCTb C'leTa y O,ll;HOH lll;CJill IIJ)CBLIIIIaJia 

'CKOpOCTb C'lCTa y .n;pyro:ii. 3aTCM y6cpcM ,ll;CTCKTOpbI ll 6y,n;eM II03HUHOHHO 

qyncTBllTCJibHLIM ,n;eTCKTopoM CHHMaTb HHTepcpepeHUHOHHYIO KapTHHY, pe­

rHCTpnpyJI npn 3TOM, HpOMC pacnpe.n;eJICHIDI no Koop,zumaTaM, TaKJKC noJI­

HYIO CKOpOCTb C'lCTa. 3aTCM 3aHpOCM BTopyro lll;CJib H nponc.n;cM TaK~C )KC 

H3McpeHHe. H:iMepnB H3MCHCHHe HHTepcl>epcHUHOHHOH KapTHHhl n 3anncn­

MOCTH OT pa3Hllllbl CKOJ>OCTCH C'lCTa y JJ:BYX lll;CJIC'H, MLI noeyqa('M B03MOJK­

HOCTb IlbI'lJieHHTb BJIHJIHHC BTOpo:ii lll;CJIH Ha 'laCTHUhl, npoIIIe,n;IIIHC' 'ICJ>C3 

nepnyro meJib. EcJIH TaKOC BJIHJIHHe 6y.n;eT ycTaHOBJICHO, OHO 6yJJ:cT npJI­

MbIM cnn,n;eTeJibCTBOM B noJib3Y llHTepnpcTaunn BOJIHOBOH <l>YHHUHH KJiac­

Cll'lCCRllM noJieM. 3aMCTHM, 'lTO YMCHbIIICHHC CKOpOCTll C'lCTa qepc3 0Jl:H0 

ll3 OTBCpCTHH C noMOlll;bIO qacTH'lHOro norm>THTCJIJI [6] HCKamaeT pC3YJibTaT, 

TaK KaK qacTH'lHbI:ii rrorJIOTHTCJib BJIHJICT Ha <l>YHRUHIO qacTHULI, npoJICTa­

rome:ii qepe3 OTHpb!TOC OTBepCTllC. 

Bee BLIIIIecKa3aHHOC OTHOCHTCJI I{ KaHOHH'lCCl{Oll RBaHTOBOH MCXaHHKC. 

Ilepcxo.n; K BOJIHOBOMY naHCTY nn.n;a (14) HHKal{ HC MCHHCT BLIIIIenpnnc.n;eH­

H~X paccy)l{,l(eHn:ii. BoJiec Toro, .n;na orrpc.n;cJicmm noJIOJKCHHJI qacTHULI n 

ce HMiiymca: 1) ITO MaKCHMYMY BOJIHOBO:ii <l>YHRUHH (n .n;aHHOM CJiyqac no 

T0'IKC CHHryJIJipHOCTH), n 2) Kai{ cpe.n;HCC OT onepaTC>pa K00pJJ:HHaTLI, - n 

,n;aHH0M CJiy11ae npHBOMT I{ 0,ll;H0MY ll T0MY )I{C 3Ha'IC'HHIO. 
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4 9RcnepRMeHTaJlbHbie CJle.l(CTBliH 

4.1 TeMnepaTypHaH 3aBIICIIMOCTb R03q>q>IIUIIeHTa IlOTepb 

11~aR, npe,n:rrnJiaraeTCJI, qni aHoMaJibHaJI nem1q1rna R03<p<pnuneHTa noTepb 

061,JICHJieTCJI Ha)l6apbepHbIM npoX0IB.lleHIIeM qacTIIUbI. Bo3HlIRaeT norrpoc, 

RaRona me J(aJihHeii:IIIaJI CJJlb6a HeiiTpoHa, Ha)l6apbepHo noIIIeJ(IIIero B ne­

mecTno? QqeBHJlHO, qTo · HIIRam1x Jlpyn1x RaHaJion RpoMe rrorJiomeHIIJI, 

Heyrrpyroro pacceJIHIIJI n 6ecrrpcIIJITci'neHHoro DbIX0J(a H3 nemecrna <iepe3 

rpaHHUY pa3J(eJia y Heii:TpoHa HeT. OueHIIM Tenepb nepoJITH0CTb noTepb 

npII Ha)l6apbepHOM rrp0X0IB.lleHIIII. ,UaJiee IlCIOJlY peqb noii:J(eT O rraReTe 

BIIJ(a (9). 

4.1.1 CeqeHue noTepL 

.ll:JIJI oueHRH neJIIIqIIHbl ceqeHIIJI rroTepb HeiiTpoHa BHYTPII ne~ecrna 6y.n;eM 

rrpeJlIIOJiaraTb cTeHRY 6ecRoHetJHO TOJICToii: II oJ(HopoJ(Hoii. IlpIIMeM, 'ITO 

CetJCHIIC IIOTepb 3aBIICIIT OT D0JIH0DOrO neRTOpa HaJieTaIOmeii nJIOCROH DOJIHbl · 

no o6bltJHOMY 3~RoHy 1 / p', r)le p' = ~ - noJIHonoii neRTOp DHYTPII 

cpeJlbl. Tor)la ero M~)I{Ho npeJlCTanIITb n BIIJ(e cn(p) = a1(kr)kr/p', r)le 

kr - lIMIIJJibC TenJionoro HeiiTpoHa. YcpeJlHHM cetJeHIIe no Ha)l6apbeplioii 

qacTlI CIICRTpa rraReTa, T0r)la II0JIJ'IIIM 

< a1 > = kr (41rc)2 j 4p1.(Pl - u) 0(IP1.I = Vtim) x 
a1(kr) (21r) 3 ~(p1.+ Jp1_ - u)2 

[ 
1 . 1 ·] d3 (24) 

x [(p - v)2 + s2]2 - [(p +v)2 + s2]2 P, 

IIJilI 
< a1 > (41rc)2 j 4k~p1.(p3._.- l) 
a1(kr) = (21r)3 ~(P1. + Jp1_ - 1)2 x 

[ 
4pv' 0(IP1.I = Vtim) ] d3 

x [(p - v')2 + s'2]2[(p + v')2 + s'2]2 p, 
(25) 

r)le IIITpIIX0M _OTMCtJCHbl DCJIIItJIIHbl, HOpMIIponaHHbIC Ha V[im· IlpeHe6pemeM 

V H s B 3HaMeHaTeJie no)l IIHTerpaJIOM, n pe3JJibTaTe nOJIY'llIM 

< a1 >~ a1(kr)kr/v1;m. 

TaRHM ·o6pa3oM, Ha)l6apbepHoe rrpoxom)leHIIe conponoIB.llaCTCJI norJiome­

HIICM II HarpenaHIIeM HeiiTpOHOD, IIpIItJeM J(JIIIHa lIX npo6era n nemecTBe 

orrpeJlCJIJICTCJI neJIHtJHHOii 11 = I/No < a, >, r)le No - tJHCJIO JI;nep B 

e)llIHlIUC o6'beMa. 
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IIocMoTplIM R RaRHM 3RcrrepIIMeHTaJibHLIM cJieJ(CTBIIJIM ,n;oJI)ReH npnno­

JllITb TaRoii noJ(X0J(. B 3RcrreplI11eHTe [1) MaTepnaJIOM CTeHOR CJIY)RIIJI 

6epHJIJIHii. B TenJionoii o6JiaCTH ero cetJeHHe noTepb cocninJIJieT 8 M6 [7), 
no3TOMY J(JllIHa rrpo6era 3a CtJeT nornomeHHJI B nemecTBe CO~TaBJUieT la ~ 
l/Noaa ~ 1 CM. . 

IlpII KOMHaTHOii TeMrrepaType cetJeHIIe Heynpyroro paccemmJI B 30 pa3 

6oJibIIIe a a, no3TOMY JlJIHHa rrpo6era 3a ctJeT Heyrrpyroro pacceJIHHJI l; = 
I/Noa; ~ 11 cocrnnJIJieT .D:OJIH MHJIJIH~eTpa. 8m oJHa•rneT, 'ITO npu ROM~ 

HaTHoii: TeMnepaType nee Ha)l6apbepHoe rrpoxo)RJleHHe JaKawninaeTCJI He­

ynpyruM pacceJIHIIeM. IJpn noHIIllieHIIII TeMrrepaTypbI Heynpyroe pacce:, 

JIHlie 'urpaeT nee MeHbIIIYIO poJib, II Ha)l6apbepHoe npOHHKHOBeHIIe 3aRaH­

'IHBaeTCJI JIH6o rrorJiomeHHeM, JIH6o BbIXOJ(0M II3 JIOBYIIIRH, ec,JIH CTeHKII ee 

HMeIOT TOJIIUIIHY MeHbIIIe la. 
EcJIH MeHJITb TeMnepaTypy II CJie)llITb 3a lI3MeHeHIIeM npeMeHH )RII3HII 

HeiiTpOHa n JIOBYIIIRe II ROJIHtJeCTBOM HarpeTbIX HeiiTpOHOB, TO 6y.n;eT Ha-

6JIIO)laTbCJI napa.D:ORCaJibHOe JIBJieHIIe: npn KOMHaTHOii TeMnepaType necb 

K03<p<pm::i;neHT noTepb, II3MepeHHblii no npeMeHII xpaHeHHJI YXH, 6y.n;eT 

o6'bJICHJITbCJI HeynpyrIIM pacceJIHIIeM. OTCIOJ(a, CCJilI He npirnJieKaTb Ha.D:-

6apbepHoro npOHIIKHOBeHHJI, HanpaIIIIIBaeTCJI CJie.D:CTBIIe, 'ITO nee noTepn 

OnIICbIBaIOTCJI HeynpyrnM CetJeHIIeM pacceJIHHJI. IJocKOJibRY BeIUeCTBO HC 

MO)ReT o6ecnetJlITb HJ)RHYIO BCJIH'IIIHY cetJeHHJI, 3Ha'IIIT CCTb npHMeCb BO­

.D:Opo,n;a, lI MO)RHO BbltJIIC.JllITb BeJIII'IIIHY ROHUeHTpaumI no,n;opo,n;a. 

Ilpn nOHH)ReHHII TeMnepaTypbI 'IHCJIO HarpeTbIX HeiiTpOHOB 6y.n;eT pe:mo 

yMeHbIIIaTbCJI. 8m, RaJaJIOCb 6bl, ,ll;OJI)RHO nplIBOJ(lITb. K yneJIHtieHIIIO npe­

MeHlI xpaHCHHJI, OJ(HaKO npeMJI xpaHeHHJI MeHJITbCJI. nOtITII HC 6y.n;eT. KaR 

MO)RHO o6'bJICHIITb TaRoii <paRT? PacctJnTaHHaJI .KOHUeHTpaUHJI BOJ(opo)la 

oRa3bIBaeTCJI JIBH0 He,n;ocTaTo•,rnoii, tITo6bl o6ecne'IIITb norJiomeHIIe'Toii ,n;ciJIH 

HeiiTpOHOB, ROTOpaJI II36anJieHa OT Heynpyroro pacceJIHHJI. Ilo~TOMY BO,ll;O­

po,n; ORa3bIBaeTCJI HII npII tieM. 

4.1.2 Pacnpe~eneHue HeihpoHOB B Be~ecrne 

Ilpn· cnpane,n;JIHBOCTII npIIHJITOH BbIIIIe rnnoTe3bI yKa3aHHbIH 3KCnepHMeH­

TaJibHblii pe3yJibTaT lIMeeT npocTOe o6'bJICHeHne. Ilpn noHH)RCHIIH TeM­

nepaTypbI nepOJITHOCTb Ha,n;6apbepHoro npOHHKHOBeHHJI HeiiTpOHOB n Be-
l 

mecTBO He MeHJieTCJI, MeHJieTCJI TOJibKO J(JllIHa nx npo6era BHYTPH neme-

CTBa. 8TO o6CTOJITeJibCTBO, B npHHUIIIIe, MO)RHO 3aMeTlITI, no BLIXOJlY peaK­

unii, .CBJI3aHHbIX C cetieHHeM 3axnaTa. EcJIH B KatieCTBe CTeHKII B RaMepe 

xpaHeHHJI ncnOJib30BaTb CJIOlICTOe nemecTBO co CJIOJIMlI pa3JIH'IHbIX norJio­

THTeJieii, pacnoJiomeHHbIX Ha pa3HbIX rey6nHax n ,n;aromnx • xapaKTepHoe 
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. raMMa-H3JIY'leHlle npH 3axBaTe HeftTpoHa, TO npn oxJialH.lleHllH Bew;ecrBa B 

pearunm 3axBaTa CTaHyr yqaCTBOBaTL BCe 6oJiee rey6oIGie CJIOH, 'ITO MO)KHO 

3aMeTHTL IlO H3MeHeHHIO raMMa:cneKTpOB. 

HaKOHen;, ecJIH TOJiw;HHa CTeHKH ,ll;OCTaTO'IHO Mami:, TO npH noHIDReHllH 

TeMnepaTypLI qacTL YXH MOllieT BLIHTH H3 Bew;ecrBa qepe3 .n:pyryro rpa­

HHIJ;y pa3.n;eJia H MO.lKeT 6:LITL 3aperncrpnpoBaHa cooTBeTCTByIOw;HMH C'leT­

'IHKaMH. 

Ec.im yKa3aHH:LIH MexaHH3M yTe'!IGI YXH cnpaBe.n;JIHB, TO K03<pq>HllH­

eHT nOTep1, MO)KHO YMeHLIIIHTL, C03,ll;aBair HCKYCCTBeHH:Lie Heo.n;nopo.n;noCTH 

BHYTPH Bew;ecTBa cTeHKH. Tor.n;a Ha.n;6ap1,epHoe· npoxom.neHne 6y,n;eT coi:rpo­

BOiIC,Zl;aTLCJI ynpyrHM pacceJIHHeM, H '!aCTI, HeHTpOHOB 6y,n;eT BO3Bpaw;aTLCJI 

B cocy,n; ~a· c'leT aJII,6e.n;noro OTpalliemm, He yrey6JIJIJicL .ZJ;aJieKo BfiYTpL Be~ 

w;ecrBa. 

5 Tpy~HOCTH MO~eJIH 

Ilpe,n;JiaraeMaJI MO,ll;eJII,, KOHe'!H01 ,n;aJieKa OT COBepIIIeHCTBa, H MLI cpa3y 

YKa.lKeM Ha Tpy,n;HOCTH, Ha 6op1,6y ~ KOTop:LIMH 6y,n;yT HanpaBJieH:LI IlOCJie­

,Zl;ylOlll;He ycHJIHJI. 

1) IlepBoe, 'ITO 6pocaeTCJI B rna3a, 3TO Ka.lKYlll;aJICJI HeBO3MO)KHOCTI, CBJI-

3aHHOro cocTOJIHHJI. IlyTH npeo.n;oJieHHJI 3Toro He,n;ocraTKa 6oJiee HJIH MeHee 

npocMaTpHBaIOTCJI, H OHH CBJI3aH:LI C pa.n;nKaJII,H:LIM H3MeHeHHeM rpaHH'IH:LIX 

ycJIOBHll. KaK B KBaHTOBOll Mexamme CBJI3aHHOe ~OCT~JIHHe He MO.lKeT 6:LITI, 

OilHCaHO IlJIOCKOll BOJIHOH, HO MO)KeT 6:LITI, onncaHo HX cynepno3HIJ;Heft, TaK 
•. . 

H 3.n;ecL, BO3MO)KHO, npn,n;eTCJI IlOJII,3OBaTLCJI cynepno3HIJ;Hell na'KeTOB (9),(14). 

2) XoTeJIOCL 6:LI .n;o6HTLCJI TaKo~o onncaHIDI npon;eccOB, npn KOTopoM 

CKopocTL -qacTHnLI 3aBHCHT OT ee noJio,KeHHJI BHYTPH. IIOTeHn;HaJia. ,ll;JIJI 

3Toro Heo6xo.n;nMo o6ecne'IHTL B3aHMo.n;eftCTBHe KopnycKyJIJipHLIX H BOJIHO­

BLIX napaMeTpOB aHaJiorH'IHO TOMY, KaK 3TO c.n;eJiaHo; HanpHMep, B pa6oTe 

[8]. 
3) AHaJiorH'IHO [8] MO)KHO c<popMymrpoBaTL n HeJIHHeftHyIO CHCTeMy 

ypaBHeHHH [9], B KOTOpoft BOJIHOBaJI <pyHKIJ;lIJI C'IHTaeTCJI I{JiaCCH'leCKHM 

IlOJieM 'laCTH)lI,1, H ee ;:tBH,KeHHe onpe.n;eJIJieTCJI B3aHMO,ll;eHCTBHeM 3Toro IlOJIJI 

{KoTopoe C~MO 3aBHCHT OT_ ,n;BH,KeHHJI) C OKpylliaIOw;HMH 06'1,eKTaMH. 

6 3aKJIIOqeHHe 

I1haK, npe.n;noJiaraeTcJI, 'ITO aHoMaJIHJI YXH 061,JicHJieTcJI Ha.n;6ap1,epHLIM 

npoxom.ne11neM HeftTpoHa, KoTopoe OIIHC:LIBaeTCJI HMMaHeHTHO npncyw;eft 
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eMy BOJIHODOfi cpyHKIJ;Hefi Il CDo6o,n;HOM npOCTpaHCTBe. Ilpe.n;cKa3I,IBaeTCJI, 

'ITO noTepn YXH n JionyIIIKax, lI3MepJieMLie no HarpeTLIM Heii:1:poHaM, pe3KO 

3anHCJIT OT TeMnepaTypLI, a H3l\ICJ>JICMLie no ·npeMeHH xpaHeHHJI, - no'ITH 

He 3annc11T OT Tel\mepaTypLI. Ilptt HH3Koii: TeMrrepaType lI cJia6oM norno­

w;eHHH ,ll;OJI)KHa Ha6mo.uaTLCJI npoHm:i:aeMOCTL CTCHOK, npeBLIIIIaIOillaJI neJIH- · 

'llIHY TYHHCJII,HOro npoXO)I{JlCHlIJI. Ilpe.rmaraeTCJI 3KcnepIDICHT IIO onpe.ue­

JICHlIIO pacnpe.ueJieHIDI YXH DHYTPH cTeHoK JionyIIIKH, n KoTopoM n rey6ttHe 

new;ecTna CTCHKlI lll\mJiaHTlIPYIOTCJI norJIOTlITCJilI C 3a.n;aHHI,IM pacnpe.ue­

JICHlICM. PaccMaTpllnaIOTCJI IlO3l\IOJKHLIC nynr conepIIIeHCTBOBaHHJI Teope­

TlI'ICCKOii: Mo.n;eJilI, He IIJ)OTlIDOpetiall{lIC cymecTnyromdi cxeMe KBaHTOBOll 

MeXaHlIKH, HO ,!lOIIOJIHJIIOlll;~C ee. 

l1ccJie.n;onaHHJI, peJyJihTaTLI KoTopLix npttne.ueHLI n .n;aHHoii: ny6JittRa­

UHH, 6LIJIH DO3MOlliHLI OT'laCTlI 6Jrnro.uap11 rpaHTy J6Pl00 oT Melli.!l.)-"Ha­

po.uHoro HayqHoro q>on.ua lI pocrnifcKoro npanHTCJihCTna .. AnTop 6naro.ua­

peH 0. tt B.TKatICHKO, ,ll;.JlCHCTpa, <D.CeJIJICplI, A.rapy'I'llIO, 1\1.BapoHe. 

r.KaHHeJionyJiocy, IO.H.IloROTlIJIODCROl\IY, A.A.TJinRHHY 3a JieCTHLill .UJIJI 

anTopa lIHTepec R ero pa6oTaM, a TaK,Ke 11.HappoHy Ja ero 6ecueHHoe 

BHlIMaHlIC. 

9 
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