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B.JI.Jl1060WHU, JI.A.CMopO'AHHCKHB 

0 ,D.H<l>PAKUHH 3AP JIJKEHHhIX qACTHU 

HA TOPOH,D.AJlhHOM COJIEHOH,D.E 

HanpaeAeHo e )K3T<I> 

P2 - 11189 



nI060WHll B.n., CMoponuH<;:KHA .R.A. 
P2 · 11189 

0 nuljlpaKUHH 38pSilK8HHb!X 'ISCTHU Ha TOpounanbHOM coneHOHAe 

PaccMoTpeHbJ npoHaneHHH alj}ljle1tTa EoMa-AapoHoaa a cny'lae, Korns 
MSf'HHTHoe none cocpenoTo'leHO B KOH8'1HOA o6naCTH npocTpaHCTBa (3SMKHY
Tblit cone HORA)• nony'l8Hbl ljlopMynb1, OilHCbJBSIOJnHe pacceSIHHe 38pSilK8HHbIX '18• 
CTHU Ha TOpounanbHOM coneHOHAe B aAKoHanbHOM u 6opHOBCKOM npu6nBlKe
HHHX. 

Pa6oTa BhmonHeHa a na6opaTopuu TeopeTH'lecxoA lj}H3HKH OH.RH. 

DpenpuT OCh.eJW1euoro ncTaTyra Qepnu acc.ne,.oll&lld. JlyGa 1978 

Luboshitz V.L., Smorodinsky Ya.A. P2 · 11189 
On Charged 'Particle DlffracUon on a Toroidal Solenoid 

Manifestations of the Bohrn-,0,haronov effect were considered 
for the case when a magneUc field ls concentrated in a space final 
region (a closed solenoid). Formulae have been obtained which 
describe the charged particle scattering on a toroidal solenoid both 
in the eikonal and Bom approximations. 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 

Preprint of the Joint Jut1tute for lfaclear Ruearcll. Dalla& 1978 
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1. BBE,l(BHHB 

AapOHOB u JiOM o6paTHJIH BHHMaHHe Ha TO, qTo Mar· 

HHTHOe none BJIHJleT Ha HHTep4>epeHUHlO KorepeHTHLIX nyqKoB 

3apJ1)KeHHLiX qacTHU, pacnpocTpaHJIIOlltHXCJI BHe o6JiaCTH 

noKaJIH3aUHH non.11 I 1-al.OHH paccMoTpena TaK)Ke pacceJIHHe 

3apJ1,llOB Ha 6eCKOHeqHo J{JIHHHOM COJieHOH)le H noKa3aJIH, 

qTo ,pacceJIHHe o6ycJIOBJieHO H3MeHeHHeM «i>a3LI BOJIHOBOH 

«l>YHKUHH a o6naCTH, a KOTopoii HeT MarHHTHoro IlOJIJI, HO 

BeKTOp·IIOTeHUHaJI OTJIHqeH OT HYJIJI; IIPH 3TOM IIOJIHOe 

ceqeHHe pacce.11HHJ1 oKa3L1BaeTcJ1 6ec1coHeqHL1M. B JlaJIL• 

HeiiweM IlOJIBHJIOCL 60JILWOe KOJIHqeCTBO pa6oT. IIOCBJI• 

uteHHLIX HH1'ep11peTaUHH ,AaHHOro :14>«l>eKTa H o6cy)K,lleHHlO 

JIOKaJILHOCTH B KBaHToBoii MexaHHKe /CM., HaIIpHMep/ 4-B//. 
AHaJIH3, CO,llep)KautHHCJI B UHTHPOBaHHLIX pa6oTax, HMeeT 

011pe,lleJieHHLIH MeTOJ{HqeCKHH HeJ{OCTaTOK, CBJl3aHHLIH C 

6ecKoHeqHOCTLIO COJieHOHJ{a. TaKaJI H,lleaJIH3aUHJI IIPH pac· 

CMOTpeHHH llpHHUHIIHaJILHLIX BOIIPOCOB BPJl.ll JIB JIBJIJleTCJI 

J{OIIYCTHMOH, XOTJI B ,llaHHOM CJiyqae OHa H He IIPHBOJ{HT K 

OWH6Ke. 

, B CBJl3H C 3THM 11pe,llCTaBJ11leT HHTepec 11epexo)l OT 

6ecKOHeqHoro COJieHOHJ{a K KOHeqHOMY, CBepHyTOMY a Top. 

KaIC MLI YBHJ{HM HH)Ke. B 3TOM CJiyqae Tal()Ke MO)KeT 6L1TL 

yICa3aH HHTeP4>epeHUHOHHLIA 31CCIIepBMeHT, aHanoraqHLIH 

:11Cc11epHMeHTY JioMa • Aapouoaa. 3a)laqa · o pacceJIHHH 3ap.11-

)KeHHLIX qacTHU Ha TOpOH,llaJILHOM COJieHOH)le HMeeT npOCTOe 

peweHae; ceqeHHe pacceJ1HHJ1 oICa31a1BaeTc.11, ecTeCTBeHHo, 

ICOHeqHLIM H OIIHCLIBaeTCJI JlH«l>paICUHOHHLIMH cl>opMyJiaMH. 

CJie,llyeT OTMeTHTh, qTo, eCJIH 3apJ1)KeHHL1e qacTHULI He 

11O11a)la10T BHYTPh COJieHOHJ{a, pacceJIHHe O11pe,lleJIJ1eTCJI Be· 
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JIHqHHOH noTOKa MarHHTHoro nom1 H He 3aBHCHT OT pacnpe

,AeneHH.JI non11 no o6'LeMy coneHOH,Aa. XoT11 HeT HHqero 

YAHBHTCnbHOro B TOM, qTo B BOnHOBOH KapTHHe 3neKTPOHLI 

"qyucTuyroT" TononorHqecKyro CTPYKTYPY npocTpaHCTBa 

/KonLUO, "BLlpe3aHHoe" MarHHTHLIM noneMi, 34xl>eKT AO

CTaToqHo HHTepeceH TeM, qTo He HMeeT KnaccHqecKoro 

aHanora. 

2. IIOJIB 3AMKHYTOI'O COJIBHOH,l(A 

B03LMCM TOHKHH H AnHHHLIH /Ho KOHeqHLlii/ coneHOHA 

H CBCpHeM ero B Top. IlyCTL n - qHcno BHTKOB coneHOH,Aa 

/n » 1/, b - pa,AHYC BHTKa, e = 211a - ,llnHHa coneHOHAa, 

npHqeM b<< a • EcnH nponycTHTL qepe3 TaKoii coneHOHA 

TOK J, CHCTCMa 6y,AeT ACHCTBOBaTL KaK HHTL, cuepHyTa.JI 

B OKPY)KHOCTL C pa,AHyca a • B,AOnL KOTOpoii pacnpe,AeneH 

HanpauneHHLIH no KacaTenLHOH MarHHTHLIH MOMCHT C no

CTO.JIHHOH nHHCHHOH nnOTHOCTLIO 

. . 2 
/1 = _.!__ ~11b 2 = .J_ _k .....L. 

C e G C a /1/ 

JlerKO BHACTL, qTo B nro6oi ToqKe BHC coneHoH,Aauanp11-

)KCHHOCTL MarHHTHOro nom1 paBHa Hynro*, ,D;eiicTBHTenLHO, 

HHTerpHpy11 no OKPY)KHOCTH C H3BCCTHYIO cliopMyny ,An.JI 

non.JI MarHHTHOro AHnon11 H npHMCH.JI.JI TeopeMy CTOKca, 
nonyqaeM 

➔ ➔ ➔ ➔ 1 
H = 11V r if, ( dp V ) ➔ ➔ = 0 . 

c P· Ir - PI 
/2/ 

QqeBHAHO, BHYTPH coneHOH,Aa MarHHTHoe none HanpauneHO 

no KacaTenLHoii K OKPY)KHOCTH C, a MarHHTHLIH noToK 

paueu 

lcTporo rOBop11, npH npoxo)K.lleHHH TOKa qepe3 o6MOTKY 
coneHOH,Aa 34xl>eKTHBHO HaKannHBaeTC.JI Cl.QC OAHH 6onLWOB 
BHTOK C TOKOM, HanpauneHHLIM BAOnL OCTOBa coneHOH,lla. 
3TO o6cTO.JITenLCTBO, 0,AHaKO, He HMCCT npHHUHnHanLHoro 
3HaqeHH.JI, TaK KaK COOTBCTCTBYIOI.Qee MarHHTHOe none MO)KCT 
6LITL CKOMneHCHPOBaHO, 11anpHMep, C nOMOI.QLIO AOilOnHH
TenLHoro KOHTypa C TOKOM npOTHBOnonO)KHOro HanpauneHH.JI. 

4 

.... 

• 

¢ = 41111. /3/ 

BeKTop- noTCHUHan BHe coneHOH,Aa u KynoHOBCKOH KanH6pou-
➔ 

Ke /divA = 0 / HMeeT BHA 

➔ ➔ ➔ 1 ➔ 

A(r) = /1 if> [Vr -:.-➔-, dpJ, 
c Ir - p I 

/4/ 

HnH 

➔➔ 

A(r) 
¢ ➔ 1 ➔ 3 ➔➔ 
-- grad Jf(V n)-:,-:;-dS + n¢ ff o (r-p )dS. 
411 I r Lr -p I i 

/5/ 

3,AeCL HHTerpHpouaHHe npOBOAHTC.JI no Kpyry I, orpaHH

qeHHOMY OKPY)KHOCTLIO C, noA ii noHHMaeTc11 non11pHLiii 

BCKTOp, nepneH,AHKyn.JipHLIH nnocKOCTH Kpyra /ero ua

npauneHHe cu113aHo c HanpauneHHeM MarHHTHoro non11 B 

coneHOHAe npaBHnOM npauoro BHHTa/. 

CornacHo /5/, ecnH 6ecKouequa11 np11Ma11 HnH KpHBa11 

L nepeceKa~n Kpyr I, TO 

➔ ➔ " 

JAM=¢, /6/ 
L 

ecnH )KC L npoxoAHT BHe Kpyra I , To 

➔ ➔ 

JAdf = 0. 
L 

/7/ 

3To - OCHOBHLIC COOTHOWCHH.JI, KOTOpLie HaM IlOTpe6yroTC.JI 

B ,Aan&HeiiweM. YqeT KOHequoii TOnI.QHHLI TOpOH,AanLHOro 

coneHOHAa He npHBOAHT K npHHUHilHanLHLIM yToqueHH.JIM, 

IlOCKOnLKY TaKOH coneHOHA MO)KHO paccMaTpHBaTL KaK 

COBOKYilHOCTL oqeHL TOHKHX coneHOHAOB. ()qeBHAHO, B 3TOM 

cnyqae MarHHTHoe none BHe Topa no-npe)KHCMY paBHO 

HYnIO, a BHYTPH TOpa CHnOBLIC nHHHH npe,ACTaBn.JIIOT co6oii 

OKPY)KHOCTH, ueHTPLI KOTOPLIX ne)KaT Ha OCH CHMMCTPHH 

Topa. HanpaBHM OCL z B,AOnb OCH CHMMeTpHH H IlOMCCTHM 

Ha11ano KOOPAHHaT B UCHTP CHMMeTpHH Topa •. JlerKO BH

ACTL, qTO B ToqKax BHYTPH conellOHAa C UHnHH,ApaqecKHMH 

5 



icoop,nBHaTaMB (p, z)(-bsz:;:b,a-yb 2-z 2:::;:lrl:::a+yb 2..;z 2) Mar
HBTHOe none BMeeT BenB'IBHY 

a 
H = H ---, 

0 
lrl 

r,ne H = 2.Jn Ilpu 3TOM MarHBTHLlii noToic 
o ac 

211 b 

,1.. = H a f d0 f a + y cos0 'f' 0 O 0 

ydy 
11b2Ho--=2=== 

1+y1-b 2/a2 

/8/ 

Jlcuo, 11To ,nm1 HHTerpanoB no TpaeicTopH.HM B npo
cTpaHcTBe, CB060,D;HOM' OT non.H, OCTalOTCJI B CHne pa
BeHCTBa /6/ H /7/, npu11eM nepBoe H3 HHX OTHOCHTCJI 
lC nBHHJIM, npoXO,IJ;JIUUIM ClCBO3L ",IJ;LIPY" TOpa, BTopoe • 
lC nHHBJIM, npOXO,IJ;JIUUIM BHe 3TOH ",nLlpLI". IIo.n11epicn:eM 
,nanee, 11To no cBoeMy CMLlcny · l}iopMynLI /2-7/ cnpaBe,n
nHBLI ,nn.11 nro6oro TOHKoro coneHou,na, HMeromero l}iopMy 
3aMKHYTOH nnOCKOH KpHBOH. B COOTBeTCTBHH C 3TBM Co·' 
neHOH,IJ; lCOHe'IHOii TOnUUIHLI, He C03,D;alO~Hii BO BHeIIIHeM 
npocTpaHCTBe MarHHTHoro non.H, Mo:>KeT 6LITL He o6.H3a· 
TenLHO "icpyroBLIM" TopoM: ,IJ;OCTaTO'IHO Toro, 'IT06LI OH 
HM en ",IJ;Llpy"' T. e. 6Lln 31CBHBaneJ:1TeH TOPY B TOnonoru11e -
CKOM OTHOllieHHH. 

3aMeTHM, 'ITO B CBJl3H C HeO,IJ;HO3Ha'IHOCTLIO 3neicTpo
MarHBTHLIX noTeHI~HanoB H3 BLlpa)KeHHJI /5/ C noMOIQLIO 
rpa,nBeHTHOro npeo6pa30BaHHJI MO:>KHO HClCnlO'IHTL nepBLIH 
11neH /3TO, lCOHe'IHO, He BnB.lleT Ha 1}1B3H'leCKBe pe3ynLTa
TLI/. Tor,na B CHCTeMe lCOOP,D;BHaT C OCLIO z ,HanpaBneHHOii 
B,noni. BeicTopa -i; , H nnocicocTLIO (zy),npoxo,1J;J11Qeii 11epe3 
coneHOH,IJ;, lCOMnoHeHT.Ll BeKTopa noTeHuuana B CB060,IJ;HOM 
OT non.H npocTpaHCTBe 6y,nyT HMeTL npOCTOH BB,D;: 

¢o(z), X, y EI 

o, x,y ~ I 
/9/ A =0, A =0, A (x,y,z) = 

X y Z 

C y11eTOM lCOHe'IHOii TOnlQHH.Ll coneHOH,IJ;a o ·<i>YHKUH.11 3a-

6 

.. 

MeHJleTCJI Ha 4>YHKUBIO ,(z),OTnJl'IHYIO OT Hyn.H Ha OTpe3Ke 
b 

(-b,b) . B y,noBneTBOp.HIOIQYIO ycnoBBIO f ,(z)dz = 1 *. 
-b 

3. HHTEPtl>EPEJmHOHHMH 3KCIIEPHMEHT 

PacCMOTpBM MO,D;Bl}iBKaUBIO HHTepl}iepeHUBOHHOrO 3Kcne
pBMeHTa lioMa·AapouoBa C ,D;BYMJI icorepeHTHLIMB ny11icaMH 
3apJ1)KeHHLIX 11aCTBU. BMeCTO Toro 'IT06LI ucnonL3OBaTL 
6ecicoHe'IHO ,nnBHHLIH coneHOB,IJ; /cM. / 1- 3/;' npe,ncTaBBM 
ce6e, 'ITO O,IJ;BH H3 ny111COB npOXO,IJ;BT 11epe3 ",nLipy" TOpou
,nanLHoro coneHou,na, a ,npyroii Hanpa:qJl6ll.BHe 3Toii ",nLipLI". 
Kaic B3BecTHO, icaa3uicnaccu11ecicaJ1 aonHoBa.H l}iyHKUBJI 3a
pJ1:>KeHHOH 11acTBUL1, ,nBH:>KYIQeiic.H no TpaeKTOPHH L a 06-
nacTH, B lCOTopoii aeicTop-noTeHUHan OTnH'leH OT Hyn.H, 
npuo6peTaeT ,nononHBTenLHLlii <l>a30BLIH MHO:>KHTenL 

e ➔ ➔ 

exp(i-
1 

f A de), /10/ 
IC L 

r,ne e • 3apJ1,n qaCTHULI. Cne,noBaTenLHO, B COOTBeTCTBHH 
C paaeHCTBl\MB /6/ B /7 /' npu nponycicaHHB TOKa 11epe3 
3aMKHYThlH coneHou,n Me:>K,ny ,nByMJI HHTep4>epupyroIQHMH 
ny11icaMH BO3HBKaeT ,nononHHTenLHaJI pa3HOCTL 4>a3 

a = e¢ 
tic' 

/11/ 

B HHTep4>epeHUHOHHaJ1 icapTHHa CMemaeTCJI, HeCMOTPJI Ha 
TO, 'ITO o6a ny11ica pacnpocTpaHJ110TCJ1 B o6nacTH npo
cTpaHCTBa, B lCOTopoii MarHBTHOe none paBHO Hynro /31}1-
<l>eKT lioMa·AapoHOBa !/. 3aMeTHM, 'ITO, ecnu BHYTPH 

1+v_Fb2/a 2 a+yb 2-z 2 

* ,D;m1 Topa ~z) · ln---=== 
211b 2 a-yb 2_ z2 

npH b«a 
2y_b

2
-z

2 
f{Z) = 

11b 2 
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coneHoa~a MarHHTHoe none uenaxo a 4mYKTyauaa MaruaT
uoro noTOKa 4.c/> >>bc/e, 34><l>eKT bOMa-AapOHOBa npo,rn
ruleTCJI B TOM, 'ITO npa nponycKaHHH TOKa qepe3 coneHOIU{ 
H11Tep4>epeH~OHHa11 KapTHHa nonHOCTLIO pa3pymaeTC11, a npa 
ero BKJUO'leHHH CHOBa BOCCTaJiaBnHBaeTCJI. 

KaK H3BeCTHO, MarHHTHLIH noTOK, npoXO,l{JIJWIH qepe3 
cuepxnpoBO,l{JIIQee KOnLUO,. MO)KeT npHHHMaTL 3Ha'leHH11 

<f, = "nc m, r.l{e e - 3ap11A 3neKTpoHa, m - uenLie 11acna. 
e o 

0 

B COOTBeTCTBHH C 3TH.M, JUUi CBepxnpOBO,l{JIIQero coneHOH,l{a 
<l>opMyna /11/ ,l{aeT pa3HOCTL 4>a3 

z =~-
eo 

a = 1rZm, 

TaKHM o6pa30M, no OTHOWeHmo K ny11Ky 3neKTpOHOB 
/npoTOHOB/ cuepxnpOBO~JIJWIH coneHOH,l{ npa He'leTHOM 'IHCne 
KBaHTOB. MarHB.THoro noTOKa arpaeT ponL "nnacTHHKH 
B ~ A "; npH qeTHOM 'IHCne KBaHTOB 34><l>eKT OTCYTCTByeT. 

4. <PPAYHTFO<PEPOBCKAJI ,4H<PPAJ(1'HJI 

Haii~eM aMnnHTYAY pacceJIHHJI 3ap11)KeHHoii 11acTHULI Ha 
TOpOH,l{anLHOM coneHOH,l{e. MarHHTHOe none BHYTPH KOToporo 

➔ ➔ 
nepneH.l{HKyn11pHo HMnyni.cy 11acTHULI (11klln). :6y,l{eM c11a-
TaTL, 'ITO ,l{e6poii:neBCKa11 ,l{nHHa BOilHLI ropa3,l{O MeHLWe 
JJ)UIHLI coneHOHAa, T .e. it = 1/k- << a ; npa 3TOM nonepe11HLie 
pa3MepLI BOilHOBOro naxeTa R»a; JICHO, 'ITO B 3THX ycno
BHJIX npa mo60M COOTHOWeHHH Me)K,l{y .l{nHHOH BOnHLI A H 
paAHYCOM BHTKOB b OCHOBHYJO ponL arpaeT pacceJIHHe 
ua ManLie yrnLI. Ilo3TOMY An.II peweHHJI HHTepecyroIQeii Hae 
3a,l{a'IH MO)KHO . np.HMeHHTL 3HKOHanLHLIH MeTOA, KOTOpLiii 
acnonL3yeTCJI B TeOpHH ~Htl>paKUHH fl>payHTro<l>epa /CM., 
uanpaMep/9 ,10/ /. 

Ilpe)lllono)KHM, 'ITO OCL z HanpauneHa B,l{OnL HMnyni.ca 
'laCTHULI, a ueHTp CRMMCTPHH Topa COBila,l{aeT C Ha'lanOM 
KOOpJlBHaT. KaK H3BeCTHO, All.II BW'IHCneHH.11 aMnnHTYAW 
pacce.llHH.11 B 3HKOHaDLHOM npa6JUDKeHHH ,l{OCTaTO'IHO 3HaTL 
BOilHOBYJO cl>YH~ B npocTpaHCTBeHHOB o6nacTH, B KOTOpoii 
y,Ke OTCYTCTBYCT B3aHMO.l{eiicTBHe, HO eIQe He CKa3WBaIOTC11 

8 

~ 

:\ 
i 

\' 

A 
'I 

,l{H<l>paKUHOHHLie 34><l>eKTL1 •. CoOTBeTCTBy101qee BLJpa)KeHHe, 
cnpaBe,l{nHBOe Ha paCCTOJIHHJIX z<<ka 2, HMeeT BB.I{: 

➔) ikz . (➔ )) f(z,p = e exp(1a p • /12/ 

3~ecL p - ~ByMepHLIH BeKTOP B nnocKOCTH (xy), na(p) -
H3MeHeHae <l>YHKUHH AeiicTBHJI npa ~BH)KeHHH 11acTHULI no 
np11MonaHeiiHOH TpaeKTOPHH, napannenLHOH OCH Z. 

AMnnHTYAa pacce11HHJ1 Ha ManLie· yrnLI 0 ?npe,l{em1eTc11 
qepe3 <l>YHKUHIO a (p) no H3BeCTHOH tl>opMyne / 9 

➔ k ia(p) -i;p➔ 2 ➔ 
f(q) = -. JJ[e - l]e d p, /13/ 

2171 
➔ 

r,l{e 1i q - H3MeHeHHe HMnyni.ca qaCTHULI /npa 0 « 1 
➔ l➔ I ➔ BeKTop q k , u q I ::= k0 I. 

B HHTepecyroIQeM Hae cnyqae, B COOTBeTCTBHH c /10/, 
00 

➔ e ➔ 
a(p) = - fAz(p, z)dz. 

lie-«> 
/14/ 

MLI 6y.l{eM paccMaTpHBaTL TOHKHH coneHOH~. Bena 
➔ 

b« a,MO)KHO npeHe6pe11L BKna,l{OM o6nacTH a- b< IP l:s.a + b , 
H TOr,l{a, c y11eTOM /6/ - /7/ (HnH /9/) : 

a(p) 
o •1 IPI > a: 

I ➔ 
ecp/bc, IPI < a . 

lIO.l{CTaBn1111 3TH 3Ha'leHH11 B / 13/. Haxo~HM 

➔ 

f(q) 
k er1.. ➔ ➔ 

= -. ( exp(i-'t) _ 1) ry -iqp 2 ➔ 2171 1i c JJ e d p , 
I 

HnH 

f(0) = -ik(j J (k0p )p dp )[exp(i
11
ecp) - 1] = 

o o C 

= ~J (ka0) sin~• exp(i~) 
0 1 · 2tl.c 2tlc 

/15/ 

/16/ 

/17/ 
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/ J0 H J 1 - «i>YHKUHH lieccem1/. CornacHo onTu11ecKoii Teo
peMe, nonHoe ce11eHHe .i:tH«i>paK~HH 

~ 2 ci¢ 
a = -.- Im f(O) = 4rra2 sin -- • 

k 21'lc 
/18/ 

O11eBH;:tHo, «l>opMyna /16/ cnpaae;:tnuaa ;:tnJI mo6oro TOHKoro 
coneHOH;:ta, CBepHyToro B nnOCKYIO KPHBYIO, nepneH;:tHKyngp
HYIO HMnynLcy 11aCTHULI. 3aMeTHM, 'ITO Bblpa)KeHHe 

f = ~ f.J -iqp ; ➔ /19/ 
.Qmp 2rr e P ' 

coana;:taeT c aMnnuTy;:toii .i:tH«i>paKUHH Ha 11epHOM 3KpaHe. 
. Cne;:toaa TenLHO: 

➔ e¢ ➔ 
f(q) = (1 - exp (i-)) f ,i-, (q). 

1i C. .QH't' 
/20/ 

IIonHoe ce11eHBe .i:tH«i>paKUHH paBHO 

a = 4S sin2~P... 
211c' 

/21/ 

r.i:te S - nnoIQa;:tL ".i:tLipLI" coneHOH;:ta I . 
➔ 

Ecnu BOnHOBOH BeKTOp k COCTaBnJleT HeKOTOpblii yron 
/3 c HOpManblO n K nnOCKOCTH coneHOH;:ta, TO 

➔ ➔ ➔➔ 

f(q) = (k~) (exp(i e¢) - 1) ff e -iqr dS 
2rr1 lie I 

k ( (' e¢) -iq/ 2 ➔ 
2 rr i exp 1 h c- - l) (ff-.e d p ) 

I' 
/22/ 

/HHTerpupoBaHHe BO BTOpoii «l>opMyne npoBO;:tHTCJI no npoeK

IUIH ".i:tLipbl" I Ha nnocKocTL (xy), nepneH;:tHKYnJ1pHy10 HM
nynLcy /. IlonHoe ce11eHHe pacceJ1HHJ1 

a = 4S sin2
2
~! cos/3. /23/ 

MLI BH;:tHM, 'ITO xapaKTep .i:tH«l>paKUHOHHOH KapTHJILI /nono
)KeHue MaKCHMYMOB H MHHHMYMOB/ 3aBHCHT TOnbKO OT «l>opMLI 

10 

/ 

H OpHeHTaUHH coneHOH;:ta, B TO BpeMJI KaK aepOJITHOCTb oT
KJIOHeHHJI 11aCTBULI OT nepB0Ha11anbHOro HanpaaneHHJI ,[tBH-

)KeHHJI onHCLIBaeTCJI MHO)KBTeneM sin2 ~. JlerKO BH;:teTL, 
2:hc 

'ITO 3«1>«l>eKT OCTaeTCJI B npu CBnbHblX «l>nyKTyauBJIX MarHHT
Horo noToKa; B 3TOM cny11ae 

sin2 ~ _ 1 
2hc - 2 · 

IlpH pacceJIHHH 11aCTHU C 3apJ1;:tOM, paBHblM 3apJ1;:ty 3neKT

poHa, Ha CBepxnpoBO,[tJIIQeM coneHOB;:te, MarHBTHLIH noTOK 
KOTOporo CO;:tep)KHT He'leTHOe 'IHCno KBaHTOB, 3«1>«l>eKTBBHOe 

ce'leHBe npBHHMaeT MaKCHManLHOe H3 B03MO)KHLIX 3Ha'leHBii 

( 
. 2 e¢ 

sm --= 1) 
21ic 

; ecnu MarHHTHblH noTOK coneHOH,[ta co;:tep)KBT 

11eTHOe 'IHCnO KBaHTOB, .i:tH«i>paKUBJI OTCYTCT:eyeT. 

5. PACCE.RHHE HA 3KPAHHPOBAHHOM 
COJIJ}HOH,4E ., 

Cne;:tyeT no;:t11epKHYTb, 'ITO paCCMOTpeHHOe HaMH pac
ceJIHHe 3apJ1)KeHHblX 11acTHU Ha 3aMKHYTOM TOHKOM cone
HOH;:te «l>aKTH'leCKH He 3aBHCHT OT noae;:teHHJI BOJIHOBoii«l>YHK
I{IIH B Y3KOH npocTpaHCTBeHHOH o6naCTH, B KOTOpoii cocpe

,[tOTO'leHO MarHHTHOe none. BKna.i:t 3TOH o6nacTB HMeeT 
nopH;:toK aenH'IHHLI b/a<< 1. H npa pac11eTax MLI ero He y11a
TLIBaJIB. B 'laCTHOCTB, ecnH nepe;:t coneHOH,[tOM nocTaBHTb 

TOHKoe norno1Qa101Qee KOnLno, He nponycKaroIQee 3apJ1)KeH
HLie 'laCTBULI, TO .i:tH«l>paKUHJI Ha TaKoii CHCTeMe 6y;:teT 
no-npe)KHeMy onucLIBaTLCJI «l>opMynaMH npe;:tLl.i:tYIQero napa
rpa«l>a. 

B 3TOM cny11ae Henocpe;:tCTBeHHO BHYTPB coneHOH,[ta 
BOnHOBaJI «i>YHKUHJI 6nB3Ka K HYJilO, H TeM He MeHee MarHHT
HOe none BnHJleT Ha pacceJIHHe, T.e. MLI CHOBa CTanKB
BaeMCJI C npOJIBneHHeM 3«1>«l>eKTa JiOMa-AapOHOBa. 

Ilpe;:tnono)KBM Tenepb, 'ITO 3aMKHYTblii coneHOH,[t npo
H3BOnbHblX pa3MepoB B «l>opMbl noMeIQeH 3a "qepHblM" 
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3KpaHOM I, 1' HMeIOmHM OTBepCTHe I,2,HaXOA.llmeec.11 uenHKOM 
BHYTPH npoeKUHH "ALIPLI" coneHOHAa Ha nnocKOCTb 3KpaHa. 
EcnH Ha TaKyIO CHCTeMy HanpaBHTb nyqoK 3apJ1)KeHHLIX 
qacTHU, TO B o6naCTH noKanH3aUHH MarHHTHOro non.II BOIIHO
Ba.11 c}iyHKUH.11 6yAeT 6nH3Ka K Hynro. OAHaKO npH ycnOBHH, 
qTo WHPHHa BOnHOBoro naKeTa cymecTBeHHO npeBLIWaeT 
pa3MepLI 3KpaHa, ceqeHHe pacce.llHH.11 6yAeT 3aBHCeTb OT 
MarHHTHOro nOTOKa BHYTPH coneHOHAa, npHqeNf xapaKTep 
H3MeHeHHJl AHc}ipaKUHOHHOH KapTHHbl no cpaBHeHHIO co cny
qaeM OTCYTCTBH.11 MarHHTHoro non.II B coneHOHAe onpeAe
n.11eTCJl pa3MepaMH H c}iopMoii OTBepCTB.11. B qacTHOCTH, 

ecnH nyqoK HanpaBneH nepneHAHKyn.11pHO nnoCKOCTB 3KpaHa 
H AnHHa BOnHLI ,\ ropa3AO M:eH&We pa3MepoB OTBepCTH.11, 
aMnnHTyAa pacce.llHB.11 HMeeT BHA 

f(q) = r~ (q) - r~ (q) exp(i e¢), 
kl k2 . lie 

/24/ 

rAe BenHqHHLI 

f21(I 2/q) 
. k -➔➔ 12 ff e-1qp d2 ➔ 

71 I/I J P 

COBnaAaIOT C aMnnHTYAaMH AHc}ipaKUHH Ha cnnoWHLIX, non
HOCTLIO nornomaromHx 3KpaHax, HMeromHx COOTBeTCTBeHHO 
¢opMy I 1 H I.2.IIonHoe ceqeHHe ynpyroro pacce.11HH.11 nerKo 
nonyqBTb C nOMOmbIO onTHqecKOH TeopeMLI, ecnH yqecTb, 
qTo ceqeHHe nornomeHH.11 Ha Kon&ueo6pa3HOM "qepHoM" 

3KpaHe paBHO ero nnomaAH (S l -S 2)- B pe3yn&TaTe HaXOAHM 

a 
477 Im f(O) - (S - S ) 
k 1 2 

e¢ 
S

1 
+ S

2 
- 2S

2
cos-. 

1i C 
/25/ 

QqeBHAHO, S i-S2 ~a::; S l +3S2' T.e. ,MeH.11.11 MarHHTHLIH nOTOK 
B coneHOBAe, Mhl MO)KeM B WBPOKHX npeAenax H3MeHJITb 
BepO.IITHOCTb AHc}ipaKUBH. IlpH 6onbWBX c}inyKTyaUH.IIX MarHHT
Horo nOTOKa a =81+82.B qacTHOCTH, ecnH 3KpaH npeACTaB
n.11eT co6oi nnocKOe KOnbUO, BHeWHHH H BHYTpeHHBH paAHY
CLI KOTOporo paBHLI COOTBeTCTBeHHO R H r , c}iopMyna /24/ 
AaeT (0 « 1) 

12 

/ 

f(0) = .R.J (kR0) - .LJ (kr0) cos(~) 
0 1 0 1 tic " 

/26/ 

CneAyeT noAqepKHYTb, qTo, ecnH BOnHOBOH naKeT pac

npocTpaHJleTC.11 uenHKOM BHYTPB "ALIPLI''. coneHOBAa HnH 
BHe 3TOH "ALIPLI", qacTHUa "He qyBCTByeT" MarHHTHOro 
non.II H paCCMOTpeHHLie BLIWe AHc}ipaKUHOHHLie 34>cl>eKTLI 
OTCYTCTBYIOT. ToqHo. TaK )Ke, KOnb CKopo o6a KorepeHTHLIX 
nyqKa 3ap.11)KeHHLIX qacTHU npoxoA.11T ni16o BHYTPH, nH6o 
BHe "AhlPLI" coneHOHAa, MarHBTHOe none He BnH.lleT Ha 
HHTepc}iepeHUHIO 3TBX nyqKoB. 

,nn.11 Toro qTo6LI MarHBTHoe none cKa3hlBanoc& Ha 
noBeAeHHB qacTHU, HaXOA.llmHXC.11 B o6nacTH, CB060AHOH OT 
non.11, Heo6XOAHMO, qTo6LI, Bo-nepBLIX, npocTpaHCTBeHHa.11 
o6naCTb noKanH3aUHH BOnH0BLIX naKeT0B 6LinaABYCB.113HOH 
B, B0-BT0PLIX, MarHHTHLIH n0T0K qepe3 nro6oe ceqeHHe 
"Tpy6KB"' pa3pe3aromeii AaHHYIO o6naCTb, 61,m 0TnHqeH 
OT Hyn.11. 3TOT BLIB0A cornacyeTC.11 C o6meM aHanH30M, 
npoBeAeHHLIM e pa6oTe /7/. 

TaKHM o6pa30M, 34>cl>eKT JioMa-AapOHOBa .IIBn.lleTC.11 qHCT0 
KBaHT0BhlM H He BMeeT aHanora B KnaccBqecKoii c}iH3HKe. 

6. PACCBJIHHB HA 3AMKHYTOM COJIBHOHl{B 
B EOPHOBCKOM IIPHEJIH)l(BHHH 

B 3aKnroqeHHe pacCMOTpHM pacceJIHBe 3ap.ll)KCHHhlX 
qacTBU Ha T0HK0M 3aMKHYTOM coneH0HAe npOB3BOnbHOH 
c}iopMLI B paMKaX TeopBH B03MymeHBH. B npB6nB)KCHBH, 
nBHeHHOM no 3ap.llAY, aMnnHTYAa pacce.llHH.11 0ilBCLIBaeTC.11 
c}iopMynoii BopHa C B3aHMOACHCTBHeM 

" e ➔ • en . ➔ 
U = - -Av+ 1-divA /27/ 

c 2mc ' 
➔ 

rAe ; = 1:nk - Haqan&Ha.11 CKOpOCTb qacTBULI, m - ee Macca. 

YcnOBHe npHMCHBM0CTB 6opHOBCKOro npH6nB)KeHHJl Kpac
CMaTpHBaeMOH 3aAaqe BMeeT BHA 

~ «1. nc /28/ 
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C yqeTOM COOTHOWeHBH /5/ HnH /9/ /pe3yn1,TaT, ecTeCT· 
BeHHO, He 3aBHCHT OT KanH6poBKH BeKTOpa-nQTeHuHana/ 
HaXO.D;HM 

-+-+ 

f(~) = f
11 

~[(k;) + (k'n➔)J Jf e-iqr.dS. 

➔ ➔ ➔ ➔ I 
/29/ 

3,nec1, k H k '= k + q - BOnHOBble eeKTOpbl qacTHUbl .no 
➔ 

H nocne pacceJIHHJI, n - HOpMan1, K nnocKOCTH coneHoH.D;a, 
I - yqacToK 3TOH nnocKOCTH, orpaHHqeHHblH MarHHTHblMH 
CBilOBblMH IlHHHJIMH. . 

CornacHo /29/, aMnnHTy,na pacceJIHHJI Ha 180' cTporo 
paeHa Hymo. EcnH k » 1/e, r.ne e - .D;nHHa coneHOH.D;a, pac
geJIHjle npoHCXO.D;HT B OCHOBHOM Ha Manble yrn1,1; npH 3TOM 
k' "'k , H e1,1pa)KeHHe /29/ npe,ncTaenJieT co6oii npe,nenLHblii 
cnyqaH 3HKOHan1,Hoii 4>opMyn1,1 /22/. 

IlpB k « 1/e 

f = -1- ~ [(k ~) + (k 'aj]S. /30/ 
411 lie 

• ➔ ➔ 

B qacTHOCTH, ecnH kl! n , TO 

f(0) = J;-kS~(1 + eos0), /31/ 

· a nonHoe ceqeHHe pacceJIHHJI 

a = _L k2S2 (~P) 2 • 
311 'lie 

/32/ 

EcnH coneHOHA HMeeT ci>OPMY TOHKOro TOpa C pa,nHy· 
COM ",n1,1p1,1" a, 6opHOBCKaJI aMnnHTy,na npHHHMaeT BH.D; 

!➔ 2 ➔➔ 2) _1 . f(➔) = a~J (av q - (qn) ➔ 2 ·(➔ :\2) ½ 
q h e 1 ( q - q OJ 

➔➔ ➔ ➔ 

kn + k' n 

2 

/33/ 
➔ ➔ 

B cnyqae k II n 

f(0) = k
2
a ecp J

1
(kjsin0la) 1 (1 + eos0). 

'he Jm.jsin0 I /34/ 
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