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B nocne.aHee BcpeMH MHOrHe aBTOpbt aaHHMBIOTCH Hccne.aosaHHeM acHMUTOTH'IecKoro 
c c /1/ 

nose.aeHHH aMnnHTy.ll. Pat5oTbl Pe.a:me noKaaanH, 'ITO 3TOT sonpoc TecHo CBH38H c aHa-

nHTH'IeCKHMH caonCTBBMH 8MllnHTY.ll B nnOCKOCTH KOMnneKCHOrO yrnosoro MOMeHT8 { f 

nnocKOCTb). B TO ·apeMH, KaK MeTO.ll Pe.a:me nerKo npHMeHHeTCH K ypasHe;.HtO Wpe.llHHre-

pa, B TeopHH nonH He y.aanoch HanTH npHpo.ay ocot5eHHOCTen B l -nnOCKOCTH, H8CMOTpS1 

Ha To, 'ITO Ha-aa nepeKpecTHon CHMMeTpHH 3TOT MeTo.ll nMeeT a.aecb ewe t5onbwee aHa'le

HHe. KaK rrasecTHO, cywecTsosaHHe se.aywero {a CMblcne·- nepsoro cnpasa) nonroca B 

-nnocKOCTH .aano Obi acHMUTOTH'IeCKoe nose.aeHHe THna I( t) sat . nprr 

s -+ , r.ae s = E 2 .E - nonHaH 3HeprHH .llBYX qaCTHU B CHCTeMe ueHTpa HHepUIIH, 

nepe.aa'la HMnynbCa. K TBKOMY nose.aeHHIO npHBO.llHT .asyx'laCTH'IHOe npHt5nH:>KeHHe B . 
. /2/ /3/ 

nepeKpeCTHOM KaHane ~ HnH KB83HOUTII'IeCKIIn MeTO.ll B _npe.anono:>KeHIIH, .'ITO cn.eKTpanb-

Hble <PYHKilHII a g .apax IIHTerpanbHbiX ypasHeHHn yt5blsaroT .aocTaTO'IHO obtCTpo. Ho, K. co:ma

neHHIO, peanbHbte TeOpliii, DO KpanHeil Mepe itpOCTble MO,llenH, He y.aosneTBOpSJIOT 3TOMY yc

nOBHIO. noMHMO 3TOro, paC'IeTbl no· MeTO.llY .llBYX'IBCTli'IHOrO npHOnH:>KeHHH CHnbHO ·ocno>K-
• . ~I c 

HHIOTCH npii pacnpocTpaHeHHli Ha cnyqail MHOrliX '18CTHU . • 

no HaweMy MHeHIIIO, caMoe y.aot5Hoe cpe.acTBO c rrccne.aosaHHSI aHanHTH'IeCKHX caoncTB 

B t -nnocKoCTH - 3TO ypasHeHHe BeTe-ConbnHTepa {BC), ot5na.aarowee cne.ayroWIIMH 

,llOCTOHHCTBB MII: 

1) KOBapHaHTHOCTb0 

2) peHOpMHpyeMOCTb, 

3). H.apo ypasHeHHH nerKo nonyqaeTcH a .aaHHOM nopH.aKe TeopHH soaMyweHHn, 

4) Ha H3btKe .llHBrpaMM HCHO, KBKOn Krlacc. ,llH8rp8MM cyMMHpyeTCSI ypasileHHeM. 

nepsoil sa:mHoil pat5oToil, rrcnonb3yrowei! ypasHeHHe BC c ~,~en.biO Hccne.aosaHHH aHanrr-
. /5/ 

TII'IeCKliX CBOi!CTB. B f - nnocKOCTH, Obtn8 pat5oTa nrr H Canepa • B KOTopoi! paccMOTpe-

HO B3aHMO,lleliCTBIIe CKBUSlpHblX Me30H.OB B 'neCTHH'IHOM' UpHonlt:>KeHilli. 

3anrrweM ypasHeiiHe BC a ,PopManbHOM sH.ae: 

Tf = Kl+ Kl+- Tf { 1) 

r.ae T f -napurranbHBH aMnnrrTy.aa paccestHHSI, Kf -g.apo ypasHeHHH, }_ -,PyHKUIIH 
. . /5/ F 

pacnpocTpaHeHHH .asyx csot5o.aHwx qacTHU. Tor.aa H.llPO .anH Mo.aenH y.aosneTsopHeT 

/6/ 
ycnoBHIO 

iKt +I< .. 
. . 

{2) 

YcnosHe {2) noasonHeT Hcnonb3osaTb MeTO.ll <Ppe.aronbMa, TaK 'ITO nerKo . .aoKaawsaeTcH 

MepOMOp<fJHOCTb c 8MUUHTy.i:tbl "T f B nonynnOCKOCTH 'Ref > -3/2 II cyWI'CTBOB8HHe CBe.llyWe-

ro nomocac Pe.a:me. 
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O.llHaKo a cnyqae 6onee peanbHbnc TeopHll (paccesmHe ncea.llOCKamipHhiX Meaoaoa, pac

ceSIHHe CKanSipHbiX MB30HOB llOCpB.llCTBOM 06MeHa BBKTOpHbiMH MJ?30HaMH f OKaaanocb; 'ITO 

-a HH3IliBM npH6nH)KBHHH TeopHH aoaMyllleHHll ycnoaHe (2) He BbmonH.HBTCSI, B 3THX cnyqagx 
111 . 

Collep llbiTanCSI HallTH BB.llYillYIO OC06BHHOCTb B f - nnocKOCTH 1 paanara~ OT.o.en~Hbie 

.llHarpaMMbl B aCHMOTOTH'IBCKHll PSI.ll H cyMMHpyg nepabie 'lllBHbl acHMllTOTH'IBCKHX P:'3no>Ke

HHll. Ho a ToT· MeTo.ll· o6na.llaeT. cne.llyiOiliHMH He.llocTaTKaMH: 

I) HeSicHo, .llaeT nH cyMMa 'MnB.lllliHX' qneaoa acuMnTOTH'IBCKOro paano>KeHHSI oco-,. . - . ~-. - .. - . -

6eHHOCTb B f -nnOCKOCTH 0 ne)K8Illy10 Bllp8BO OT OC06BHHOCTH 0 OllpB.llBnSIBMOll cyMMOll 

,"CT8plliHX' 'lnBHOB, 3TO '18lUB BCBI'O npOS!BllHBTCSI B TBX cnyqagx, ecnH pS!.ll 'Mna.llWHX' 

·'lllBHOB p8CXO.llHTCSI (oco6eHHOCTb DO KOHCT8HTB CBSI3H), 

2) nono)Keaue oco6eHHOCTH onpe.llemieTcSI TOnhKO a npH6nH)KBHHH cna6oll csSiaH. 

3). Boo6me roaopSI, MO>KHo aallTH:TonbKO ae.llymyro oco6eHHOCTb. 

. . ' . . /~1W 
'iTo6i.I ua6e>KaTb TPY.llHOCTell ynoMSIHyToro MeTo.lla, Hccne:noaaao ypaaHeHHe EC 

6ea HCllOhb30BilHHSI. 8CHMIITOTH'IBCKHX paanO)KBHHll H paapa6oTaH MBTO.ll HaXO)KJlBHHH oco-

6eHHOCTBll B f _;llllOCKOCTH JlnSI ypaBHBHHll, 'ae npHHa.llne>KalUH; K <tJpe.llrOnbMOBCKDMY Knac-

cy. 

AuccepTauHSI nocagmeaa 'Hccne.lloBaHHSIM peaynhTaToa aTux H .llanbHei!IliHX pa6oT a 

3TOi! o6naCTH, 

B nepaoi!_ rnaae_ .llHCce~Tauuu npHBO.llHTCH o6aop OCHOBHh!X pa6oT u .llOCTH>KBHHi! a 

o6naCTH npHMBHBHHSI MBTO.lla KOMDneKCHbiX yrnOBbiX MOMeHTOB, 0co6oe BHHMaHHe o6pame

HO Ha MBTO.llhl He<tJeHOMBHOllOI'H'IBCKOI'O xapaKTepa, TaKue· KaK N/D 12•41 
H KBa3HOllTH'Iec-

/3/ . 
KHll MBTO.ll • nepB'IHCllBHhl HX npeHMYlUBCTBa H TPY.llHOCTH, 

. . /11/ 
BTopag rnaaa nocaSIIUeHa Bb!BO.lly ypaaaeHHSI EC .llnH aMnnHTY.llhl pacceSIHHSI a HM-

nynbCHOM npe.llCTaaneHHH: 

. 4 
T(p,qi'E;J =;l{(p,q[E) + fd· p'·K(p,p~[E)x 

1 1 'T (p ·,; qf E)~ 
(p+ ';1E)2-IL2(p-';1E)2 2 

IL 

r.lle T - aMnnuTy.lla pacceSIHHSI 0 X -uTepHpyeMaSI .llHarpaMMa, 4-aeKTOpbi 

Onpe.lleneHbl cne.llyiOlUHM o6pa30M: 

p =. p + _E.:_ 
·.1-·. 2 

, p = 
3 

q + .!£' 
. 2. 

p =- p + ~-
2 2 

, p =-q+.,! 
.. 2 

(3.llBCb p 1 H p 2 -uMnynbCbl 'laCTHU B Ha'lanbHOM COCTOHHHH
0 

a 

B KOHB'IHOM COCTOHHH~), 

.:-'"" 

4 

p:J 'P, 

(3) 

p q ,"E 

-· HMnynbCbl. 

.. ·.-::· 

'f:. 

\ 
' )i 
! • 

I 
i 

! 
t._~ 

i 
·' 

' '\, 
!:· 

!; ' 
! 

·;j 

I 
~' 
l 
J 

·Aanee npHae.lleHbl paanH'IHhie peaynhTAThi, nonyqaeMhie c noMOlUbiO ypaa 
. . . /5/ . . . 

peaynhTaThi pa6oThi'nH u Coi!epa , r.lle aaTopbi y>Ke Hccne.llyroT aaanHTH'Iec> 

pelliBHHSI B nnOCKOCTH yrnoaoro MOMBHTa, 

Aaao onpe.lleneHHe o6cy)KJlaeMb!X. 'Mo.llenei!, OTHOCSIWHXCH K Knaccy, B KC 

.[( npB.llCTaBHMO ( C 'ao3MO>KHb!MH Bhi'IHTaHHSIMH) B Bane: 

!((p~ p·'[E) 

\ 

2 2 

J diL P (IL • E ) 

( 
., 2 2 

IL 2 .. p -p ' - IL _o 

06cy)KJlaeTcSI caSJab Me)Kily ai:HMnTOTH'IBCKHM noae.llBHHeM ¢YHKUHH p ( IL 
2

, E, 

( ) /8,10/ . . (4) . . 
IT ycnOBHBM 2 , nprr HanH'IRH Bhi'IHTaHHi! B Bh!pa)KBHHH :OaH MBTO.ll 

ypaa~BHHSI (3) B . .llBa mara, npH 3TOM B03MO)KHhl JlBa COpTa 'caga'aHHbiX COCT . 
f) perynSipHb!B 0 cnuH· KOTOphiX BCTb HenpepbiBHag lPYHKURSI MaCChi (nonroc 

2) crrarynSipHhie, onpe.lleneHHbie nHWb JlnSI HeKoToporo aHa'leHHH yrnoaor 

B TpBTbei! rnaae paaarrT MBTO.ll paano>KBHHSI no 'IBThipexMepHhiM c¢epH'IE 

HHKaM a npHMeHeHHrr K ypaaaeaHro. EC. Bbipa)KeHrre l{ ( p, p 'I E)· 

no c<tJepH'IBCKRM rapMOHHKaM: 

(4) · nerK 

l{(p,p~~E)=]. Zm:Cf>'JZ'f(p')x 
nlm nL n 

00 3 

J r dr Jn(pr) V(r) Jn(p'r) 
pr · p 'r 

00 

V(r) = J diL'fl 3P(IL 2, E) K,(ILr) 
ILr . 

l'o 

Paano)KeHHe no 4-MepHwM c¢epH'IBCKHM rapMoHrrKaM npuM:eHHMO npocTo a cny 

Tor.lla ypaaaearre (3) nepenucbiBSeTCSI a ¢opMe O.llHOMepHoro .llH¢'¢epeaurranc 

HBHHSI B KOHlPHI'ypaurroHHOM npoCTp8HCTBB: 

2 2 
[ d • 3 ·d n-1 
··~ + rdt" ~- --rr-

2 2· . . 

~ ]'C:n (r, r') 

·a(r-r') + V(r) Gn(r,r')., 
.= 3 "'"'' 

r 

-r.lle ·n ·-co6cTaeaaoe aaaq~a.lie· 4:.~epHoro yrnoaoro MoMeHTa, YpaaueaHe (6 

.llnSI onpe.lleneHHSI oc66en!locTell,'· nono)l(eiiue KO.TopbiX ae· aaarrcHT ··oT E. 

Paano)KeHHe (5) noaaonHeT HaltTH caH3b MB)KJlY .acuMnTOTH'IBCKRM noaeJJ 

p rr noBB.llBHHBM lPYHKUH~· !"'prrH~ 'G ~ ( r ,· r') s aaqane KoopnHHaT. 
~--.:. 4 •• ~ ' 2 

CooTaeTcTaeaao noae.lleauro ¢yHKUHrr p(fl , E) Ha 6eCKOHB'IHOCTR 1 
:· .. "-
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TeopHl! (paccesmHe nces.nocxanllpHhiX MeaoHos, pac

o6MeHa sexTopHhiMH M_eaoHaMH) . oxaaanocb, 'ITO 

ycnosHe (2) He s&monHlleTcll. B 3THX cnyqallx 

- nnoCKOCTH, paanarall OT.uenbHbie 

nepBble ~neHbl 8CHMIITOTHqeCKHX p~anome

He):lOCTaTKaMH! 

qneao~ acHMn~OTHqecxoro paano~eHHH oco

oco6eHHOCTH, onpe.nenlleMol! cyMMol! 

B Tex· cnyqagx, ecnH pSI.ll 'Mna.ai.IIHX' 

TOnbKO s npH6nH)I(eHHH cna6ol! CBli3H; 

· TOllbKO Se.UyUiyJO OC06eHHOCTb. 

Hccne.uosaHo ypasHeHHe EC/S-!0/ 

paano)l(eHHl! If paapa6oTaH MeTOLl HaXO)I(LleH!Ill oco

ypasHeHIIil, He np1IHa.une)l(8lUIIX K cppe.uronbMOBCKOMy Knac-

lcne.nosaHHliM peaynbTaTOS 3TifX II .nanbHei!WHX pa60T S 

o6aop ocHosH&Ix pa6oT II .llOCTII)I(eHIIi! s 

KCHhiX yrnOBhiX MOMeHTOS. 0co6oe SHIIMaHIIe o6pawe

xapaKTepa, TaKHe· xax NID 12•41 
II xaaaiionTII'Iec-

wecTsa If TPYLlHOCTH. 

ypasHeHIIll Et
1111 

.unll aMnniiTYLlhi pacceliHHll s liM-

q( E) + f d·
4 

p'·K(p, p~( E} X 
(3) 

1 
T(p'iq(E)~ 

Y,E) 

" 
X· -IITep1IpyeMal! .UHarpaMMa, 4-sexTop&I p q ,·E 

.-
p + ...lL , P = q +A 

2 3 . 2. ·.' 
- p + !.:!' E , p =- q +-

2 4 2 

B HaqanhHOM COCTOHHHH 1 a p 
3 

a p 
4 

-· HMnynbChL-

.• 

4 

l ,, 

!: 
,·\: 

'I 
II ,, 
! 

nanee npiise.ueHbl paanii'IHble peaynbTaTbl, nonyqaeMble c nOMO!UbiO ypasHeHHll EC, If. 

· n·. c · 151 · 
peaynbTaTbl pa60Tbl- II II: Oi!epa , r.ue as TOphi y)l(e lfCClle.llyJOT. aHaniiTH'IeCKife CSOi!CTSa 

peweHIIll s ·nnocxocTH yrnosoro MOMeHTa. 

[( 

naHO onpe.ueneHIIe 06Cy)l(.llaeMbiX MO)lenel!, OTHOCli!UifXCll K Knaccy, S KOTOpOM liL\pO 

npe)lCTBBIIMO ( C S03MO)I(Hb!MII .Sbl'llfT8HifliMII) S SIIne: , 

I{(p, p'f E) 

\ 

2 2 
.~ di'P(IL,E) 
I , 2 "2 (p -p J - " 

• 0 

{4) 

2 • 2 
06cy)KJlaeTcll csll3b Me)KJlY acHMnTOTII'IeCKHM nose.ueHIIeM cpyHKium p (I' , E) - no ll 

II ycnO~HeM (2/S,IQ/• npu H8llli'IIfii Sbi'IIIT8liHli S Sblpa)l(eHIIII (4) )laH MeTOLl perneiml! 

ypasHeHHll (3) S LISa mara. npH 3TOM S03MO)I(Hbl LISa CO pTa .CBll3,aHHbiX COCTOl!Hifli! 

I) perynllpH&Ie, cnHH. KOTOpbiX ecTb HenpepblsHal! cpyHKUIIll MacChi (nonJOca .Pe.u)l(eJ; 

2) CHHrynllpH&Ie, onpe.ueneHH&Ie· niilllb .unll HeKoToporo aHa'leHHll yrnosoro MOMeHTa. 

B TpeTbel! rnase paasHT MeTOLl paano)l(eHHll no qeT&IpexMepHbiM ccpepH'IeCKHM rapMo-

HHKaM s npHMeHeHIIH K ypasHeHHJO EC. B&Ipa)l(eHHe [{ ( P, p '! E) 

no CcpepH'IeCKHM rapMOHHKaM; 

(4) nerxo paanO)I(IfMO 

l((p,p_'~EJ= ::£ zm:rf>'Jz':rv'Jx 
nf~ nL nL 

DO 3 

I r dr 
0 

V(r) 

Jn(pr} V(r) Jn(p'r) 

pr p 'r 
,. 

DO 

f dw I' 3P(IL 2, E) K, (!Lr} 

l'o "" 

(5) 

(5a) 

Paano)KeHHe no 4-MepHhiM ccpepHqecKHM rapMOHHKaM npHMeHHMO npoc.To s cnyqae E= 0 • 

Tor.lla yp~sHeHHe (a) nepe~IIChiBaeTcll s cpop.Me O.llHOMepHoro .uHcp-c:pepeHuHanbHoro ypas

HeHHll S KOHcpiirypaUIIOHHOM npoCTp8HCTse; 

2 2 . . 
d 3.d n-1 2~· , 

[--:i':"T + .,- _ - -:-r- - m ] C: n (r, r J 
·· dr r dr r (6) 

I , , , 
;· 8(r- r} +· V(r) Gn (r,r) 

.= -~3- ·. 
r 

. •·,.-

r.ne · n · -co6cTseHiioe aHa'I~HHe· 4;_~epHort:i yrnosoro. MoMeHTa. YpasiteHHe (6) npHro)lHo 

llllll onpe.lleneHifll oc66eHHOCTei!,'· nono)KeHiie KO.TOpblX H,e aasHCifT 'oT E. 

p 

Paano)l(eHue (S) noasonl!eT Hai!TH. csll3b Me)I(Jly acuMnTOTH'IecxuM nose.lleHueM no 

If nose.ueHHeM cpyHKUif~· -f"~HH8 'G·~ ( r,~') . S H8'1ane KOOpL\HHaT. 

'CooTsei-cTseHHO 
~~ .. ~-~~-~) 

• 2 
nose)leHHJO cpyHKIIIIII P(IL , E) 

'. ~ ·. -.~ -= 
Ha 6eCKOHe'IHOCTif TeopHH paa-

_5 



.neneHbi (B HHallle~ nopSI.nKe) Ha cne.nyroll!He TpH Knacca: cBepxpeHopMHpyeMble, peHopMH

pyeMbie II HepeHOpMHpyeMbie. Onpe.nenSieTCSI CBSI3b Mem.ny ITOBe.neHHeM aMnnHTY.llbl B Haqa

ne KOOp.llHHaT H paaMepHOCTbiO KOHCTaHTbl CBSI3Ho 

BBe.neHHe KBaHTOBOro 'IHCna n 1 CBSI3aHHOro C f COOTHOllleHHeM n = 1 + f + n, 1 

n = 01 11 •• ;,, iipHBO.llHT K KnaccHqJHKaUHH OC06eHHOCTell B - nnOCKOCTH•~ 

EcnH Mbi Haxo.nHM oco6eHHOCTb B n - ITnOCKOCTH1 TO ITOSIBnSieTCSI 6eCKOHe'IHOe 

MHomecTBO OCOOeHHOCTell B - ITnOCKOCTH B TO'IKaX f = ITO- _1 o ITO - 2 o • • , , 

DpHMeHeHHe >paapa6oTaHHoro Bbillle MeTo.na .naeTCSI B 'leTBepToll rnaae. 3.necb pell!e

Ha npo6neMa pacceSIHHSI ncea.nocKanSipHbiX MeaoHoB Maccbl m nocpe.ncTBOM o6MeHa napbl 

nceB.llOCKanSipHbl~ MeaOHOB MaCCbl jL = 0 > .{CTyneHH ~necTHHUbi' npe.ncTaBnSIIOT TaK Haab!Ba

eMbie 'nyabipbKH_'). 

2 

B aToM· cny'lae P = >.. , rae ), - KOHCTaHTa CBSI3H H ITOTeHnHan HMeeT BHa 
2 > 4 

V(r) = >.. I r • 

YpaaHeHHe (6) pell!aeTCSI a SIBHOM BHae. Pell!eHHSI o6naaa~T TO'IKaMH aeTaneHHSI a 

n - nnocKOCTH, HO He HMeiOT _nomocoB. Beayll!aSI oco6eHHOCTb B - nnOCKOCTH pac-

nono:>KeHa B TO'IKe 

eo = -1 + v 1 + I 1 I ·, 
(7) 

·rae nponopuHoHanbHO 1>..1 
/13,14/ /10/ 

3ToT peaynbTaT 6bin Hal!aeH .B pa6oTax . HeaatiHCHMO oT pa6oTbi • 

,!lanee; oKaabiBaeTcSI, 'ITO pSia HeliMaHa anSI napuHanbHOl! aMnnHTyabi 

Tr(l;l,li>'·l ,"p
0

, P~IE,IL) MamopHpyeTCSI pSiaOM Hel!MaHa anSI aMnnHTyabl 

1{>(1PioiP'I, P0 oP;!O.O) Bo6nacTH lEI< 2m, Ha 'lero cneayeT, 'ITO nepBaSI · oco6eH-

.. 1 .. ' • HOCTb aMnnHTyabi "Tt (lpJ, ~ loP
0

oP
0
IEojt) He MomeT nemaTb npaBee TO'IKH f B 

-iinocKoCTH B o6nacTH I E I < 2m. 

C apyroi! CTOpOHbl 1 HCITOnb3ySI TOT. cpai<:T; 'ITO pa3HOCTb Siaep HHTerpanbHbiX ypaBHe-

HHi! anSI c Te (I PI, t p'l; p tl p; I o,o) H - Tf (!PI; I p'l, p0, p~{ E, IL) HMeeT KoHe'IHyro HopMy 

{ T.e. npHHaamimHT · K cppearonbMOBCKOMY _ Knaccy), nonyqaeM, ·'ITO 1f (I PI, I ;•1, p
0

', p ;t'E, IL) 
·a6naaaeT ~ f 0 TO'IKOi! BeTBneHHSI KOpHeBbro THna, KOTOpaSI SIBnSieTCSI aenyll!ei! OC06eH-

HOCTbiO_B f nnoCKOCTH 1 ITO Kpal!Hei! Mepe B o6naCTH I E I< 2m. 3Ta o6nacTb coaep-

mHT HecpHaH'IeCKHe TO'IKH (cpHaH'IeCKHe aHa'leHHSI Ha'IHHaiOTCSI HMeHHO y nopora E = 2m · ), 

oaf;3KO B. nepeKpeCTHOM. KaHane, rae HaC HHTepecyeT aCHMITTOTH'IeCKOe noaeaeHHe, E 2 = 'B 
~ . ~ '.' . . . - -2 . . •. 

. BblnonHSieT ponb nepeaa'IH HMnynbC~, 8 o6~acTb I sl < 14m npeacTaBnSieT KaK paa oKpecr;-

HOCTb 3Ha'leHHSI1 . C?OTBeTCTByiOll!ero pacceSIHHIO BITe pea .. (s CO' 0 _) • 

noSIBneHHe Beayll!eil oco6_eHHOCTH THna yf- f 0 B f - nnoCKOCTH '.-onpeaenSieT 

aCHMITTOTH'IeCKOe noaeaeHHe aMnnHTyabl D nepeKpeCTHOM ·KaHane cneayiOlliH_t.f 06paSOM: 

··.··:· 

6 

"'<. 

fo 
t 

irsJ (logtfh 
T {s, t) = 

-~ t .... 00 . • 

CooTBeTcTBYIOl1lee noBeaeHHe npeacKaaaHo lpHoOBbiM Ha ocHoae apyrHx coati 

3aTeM oocymaaeTCSI BOITpOC 0 ·TOM, Cyl1leCTBYJOr nH CBSiaaHHble COC.TOSIH 

nroca uapuHanbHoi! aMnnHTyabi) B cnyqae IL I 0 _. C uenbro ero. Bbi~cHeHHSI~H' 
. . . 

Hoe pell!eHHe anSI cny'laSI· IL = 0 , cTpoHTCSI HHTerpanbHoe ypaaHeHHe THna ¢ 

anSI 8MITnHTY.llbi, KOTOpoe pell!aeTCSI B llpHonHmeHHH cnaooi! CBSI3H. 0K831.1Bae" 

aTc·M llpHonHmeHHH HeT CBSiaaHHbiX COCTOSIHHii, ITOTOMy 'ITO OITpeaenHTenb ¢pear 

He HC'IeaaeT. Ho, nocKonbKy B m:iocKOCTH HMeiOTCSI. paapeabi
1 

aMnnHTy.tia He E 

HOaHa'IHOi! cpyHKUHeii, H Ha BTopoll HecpHaH'IeCKol! pHMaHoaol!. noBepxHOCTH · noSII . 
ITOniOCOB B nnOCKOCTH n • He HCKniO'IeHo, 'ITO npH HeKoTopoM aHa'leHH.H E 

3TH nonroca nepel!ayT Ha cpHaH'IeCKHl! nHcT qepea paapea, H TaKHM o6paaoM B 

CBSiaaHHOe COCTOSIHHe. 

B aaaepll!eHHe 'leTaepToi! rnaBbi KpaTKO HanomeHo pell!eHHe ypaBHeHHSI I 

ceSIHHSI CKanSiiJHbiX 'lacTHU nocpeacTBOM o6MeHa· BeKTopHbiMH MeaoHaMH. Cyllle 

BeayUleJ! TO'IKH BeTBneHHSI aoK.a3biBanOCb B pa6oTaX/B,B/, a ee TO'IHOe ITOnO» 
/17 19/ . 

.neHo B pa6oTax ' • 

B aHccepTanHH aToT me peaynbTaT HaxoaHTCSI aHa'IHTenbHO npollle c no . 
aHanbHOro ypaBHeHHSI B t - npeacTaBneHHHo Donome~He TO'IKH BeTBneHHSI 

CSI cpopMynoi! 
- f 0 = - 1 + v 1 + 2i 

rae g - KOHCTaHTa CBSI3H B3aHMoaeJ!CTBHSI. . YKa3b!BaeTCSI MHHHManbHaSI o6; 

TOpOii TO'IKa BeTBneHHSI .(9) SIBnSIBTCSI BeayUleJ! OCOOeHHOCTbiO o 

B ITSIToll rnaBe HccneaoBaHo npHMeHeHHe Bb!Cll!HX. npH6nHmeHHli K Siapy 

EC. 

0'19BHaHo, 'ITO ITOBeaeHne (8) "He llpHBOaHT K ITOCTOSIHHOMY ITOnHOMY ce~ 

t -• oo • tfTO..' Ka:>KeT~H 1 npoTHBopeqaT sxcnepKMeHTanhHblM .aaHHhlM. BnonH« 

H01 'ITO ITOSIBneHHe paapeaa CBSiaaHo C BbiOOpOM npOCTOJ! aHarpaMMbl B Ka'leC1 

DoaTOMy BM9CTO '~aHonyabipbKOBOJ!' aHarpaMMbi," HCITOnb3oBaHHOJ! a· pa6oTax' 

Ho_ HccneaoBaTb caol!cTBa pellleHHSI ypaBHeHHSI EC c 'MHoronyablpbKOBbiMH' a 
. . I 

CBOl!CTBa T8KHX aHarpaMM HccneaOB8Hbl B pa6oTax 3axapHaaeHa H THppHHra 
/20/ . . 

OCHOBe pa60Tbl B aHCCepT8UHH aoKaaaHo, 'ITO noao6Hoe Siapo ·.naeT HHTer 

,ypaaHeHHe THna <PpearonbMa B o6nacTH f > 0 • EcnH KOHcTaHTa CBSiaH nona 

(oTpHUaTenbHaSI KOHCT8HT8 CBSI3H COOTBeTCTByeT ITOSIBneHHIO .. 'npHapaKa' B _SI~ 

O'leHb M:ana n~: Moaynro, TO nonomeHHe nonroca npH6nHaHTenbHo onpeaenSieTcH 

7 



) Ha cneAYIOlllHe TPH Knacca: cBepxpeHopMHpyeMi>Ie, peHopMH

OnpeAen>IeTc>I CB>I3b Me:>KAY noBeAeHHeM aMnnHTYAbl B Haqa-

n , CBB38HHOrO C 

accH¢HK8UHH oco6eHHOCTell B. 

COOTHOllleHHeM n = 1 + f + n, r 

- nnOCKOCTH •. 

B n IIUOCKOCTH, TO IIO>IBU>IeTC>I 6eCKOHe'IHOe 

IIUOCKOCTH B TO'IK8X f = nO- 1 r nO - 2 r , • , • 

Bblllle MeToAa AaeTC>I B qeTBepTol! rnaBe. 3Aecb pe111e-

Me30HOB M8CCbl m llbCpeACTBOM 06MeHS napbl 

'(cTyneHH 'neCTHIIUbl' npeACT8BU>IIOT T8K H83b1BS-

, rAe ,\ - KOHCTSHTS CB>I3H H IIOTeHUH8U HMeeT BHA 

BRAe •. · Pe111eHH>I o6naAaiOT TO'IKaMa BeTBneHH>I B 

nomocoB. BeAyma>I oco6eHHOCTb B f - IIUOCKOCTH pac-

f
0

= -1+v'1+lfl -, 
(7)' 

1>.1 
I 13 14/ /10/ 

Hal!AeH B pa6oTaX : · HeSaBHCHMO OT pa60Tbl • 

'ITO pHA Hel!MaHa An>I napuaanbHOl! aMnnHTYAbl 

. Ma:>KopapyeTc>I p>IAOM Hel!MaHa AU>I aMnnHTYAhi 

B o6nacTa IE 1 < 2m, as qero cneAyeT, 'ITO nepBaH · oco6eH-

• I ;'I, P
0

, P ~I E, IL) He MO:>KeT ne:>KaTb npaBee TO'IKH f 

<2m. 

B 

HCIIOnb3yg TOT ¢aKT, 'ITO p83HOCTb >IAep HI!TerpanbHbiX ypaBHe-

H Tf CIPI;Iv'l,p
0
,p;{E,,..) HMeeT KOHe'IHYIO HOpMy 

hMOBCKOMY Knaccy ), nonyqaeM, ·'ITO 1f (I PI, I ;'I ,p ·, p '(E,,..) 
. 0 0 

KOpHeBbro THna, KOTopag >IBn>IeTC>I BeAymel! oco6eH-

o6nacTH I E I< 2m • 3Ta o6nacTb coAep

Ha'IKHaiOTC>I HMeHHO y nopora E = 2m ), 

noae.aeaue, E 2 = ·s .. 
K8K pas OKpecr,:-

pacce>IHHIO BnepeA (s = 0). 

B - nnocKoCTH -_.onpeAen>IeT 

aMnnaTy.r:ibl n nepeKpecTHOM KaHane cne.nyiOlllHM o6pa3oM: 

6 

\.\> 

fo 
t 

·r ( s t) ~ I ("s) -;;::;-;-;;rt" :z -f 
' (log 1 

t ... 00 • (8) 

. . /15/ 
CooTBeTCTByromee noBeAeHHe npeACK83aHo. f'pH60BhiM Ha OCHOBe ApyrHX coo6pa:>KeHHl!, 

3aTeM o6cy:>KAaeTC>I BOIIpOC 0 ·TOM, CyllleCTByJOI' UH CB>ISaHHble COCTO>IHH>I ( T,e, no-. 

n10ca napuHanhHol! aMnnHTYAhl) B cnyqae 11 f 0 • C uenbro ero" Bhi>ICHeHH>I~Hcnonb3y>I >IB~ 

Hoe. pemeHHe An>I cnyqag IL = 0 , cTpOHTC>I HHTerpanbHoe ypaBHeHHe THna <l>peAronbMa 

An>I aMUnHTYAhl, KOTOpoe pemaeTC>I B npa6na:>KeHHH cnal5oil CB>I3H, 0K83biB8eTC>I, 'ITO B 

STCM 11pH6nH:>KeHHH HeT CB>ISaHHbiX C?CTO>IHHil, IIOTOMy 'ITO OllpeAeUHTeUb ¢lpeArOUbMa HHrAe 

He HC'IesaeT. Ho, IIOCKOnhKY B IIUOCKOCTH HMeiOTC>I paspe3bl 0 8MIIUIITYA8 He HBn>IeTC>I OA

HOaH8'1HOl! ¢YHKUHel!, H Ha BTOpOil He¢H3H'IeCKOl! pHMaHOBOl!.IIOBepxHOCTH.IIO>IBU>IeTC>I napa_ 

IIOUIOCOB B"nnOCKOCTH n • He HCKnroqeHo, 'ITO npa HeKoTopoM sHa'leHHH E HUH -,.. 

_3TH nonroca nepeilAyT Ha ¢asH'IeCKHl! nacT qepes paspes, H TaKKM o6pasoM BOSHHKHeT 

CBH38HHOe COCTOHHHe. 

B saBepllleHae qeTBepToll rnaBhi KpaTKO asno:>KeHo pe111eHae ypaaHeHH>I BC AU>I pac

ce>IHH>I cKan>IpHhiX qaciau nocpeACTBOM o6MeHa· BeKTOpHhiMH MesoHaMa. CymecTBOBaHae 
. . /8 9/ 

BeAymel! TO'IKH BeTBneHH>I AOKasbiBanocb B pa6oTax ' , a ee TO'IHOe nono:>KeHHe Hal!
/17 19/ . 

AeHo B pa6oTax ' • 

B AKccepTauaH _ STOT :>Ke pesynbTaT HaxoAKTC>I sHa'IKTenbHO npome c noMOlllbiO pa-

AHaUbHOrO ypaBHeHH!I B r - npeACTaBneHHH. nom>:>KeHHe TO'IKH BeTBUeHH>I_ onpeAen>IeT-

c>I ¢opMynoil 
- f 0 = - 1 + v' 1 + 2i 

(g) 

rAe g - KOHCT8HTa CB>I3H BSaHMOAel!cTBH>I, YKaSbiBaeTC!I MHHHManbHa>I o6naCTb, B KO

TOpOl! TO'I~a BeTBneHH>I .(9) >IBn>IeTC>I aeAymeil oco6eHHOCThiO • 

B n>ITol! rnaBe HccneAoBaao npaMeHeHae BhiClllHX_ npa6nii::>KeHHll K >IAPY ypaBHeHH>I 

BC. 

QqeBHAHO, 'ITO IIOBeAeHHe (8) He npHBOAHT K. IIOCTO>IHHOMY IIOUHOMy Ce'leHHIO llpH 

, 'ITO, Ka:>KeTc>I, npoTIIBope'IHT sKcnepHMeHTanbHbiM A8HHbiM, BnonHe BOSMo>K-
1 - . ' 

HO, 'ITO. IIOHDUeHHe paspesa CB>ISaHO C ·.Bbii50pOM 11p0CTOJ! AHarpaMMhl B KB'IeCTBe >IApa, _ 

noaTOMy BMeCTO 'OAHOIIY3blpbKOBOll' AHarpaMMbl; HCIIOUb30BaHHOJ! a· pa60Tax/
7::" 101,' MO>t<

HO HccneAoaaTb cBol!cTBa pemeHH>I ypaBHeHH>I BC c ·~noronyshipbKOBhiMH' AKarpaMMaMH, 
. . /19/ 

CBollcTBa TaKHX AHarpaMM uccneAOBaHbl B pa6oTax 3axapH83eHa a TappHHra- .- Ha 

OCHOBe pa60Tbi/
2Q/ B AHCCepT8UHH AOK83aH0 1 'ITO IIOA06Hoe >IApO 'AaeT HHTerpanbHOe 

_ _ypaBHeHae -Tana_ <l>peAron~Ma B o6nacTa f > 0 • EcnH KOHcTaHTa CB>ISH nono:>KHTenbHa 

(oTpHnaTenbHa>I KOHCT8HTa CB>ISH cooTBeTCTByeT no>IBneHaro-- 'npHspaKa' 5 _>IApe), ao 

O'leHb Mana. n~: MOAyniO, TO nono:>Kenue nonroca npa6nHSKTenbHo onpeAen>IeTc>I ¢opMynoll __ : _ 
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f ~-

,~ 

1 

,32 17 
2 

+ log' ( -., I · 
-1-

npH I .. 0 • HJJH I sr .. "" 
(IO) 

3 
0TJJH'!He 9TOJI Tpaelt'TOpHH OT TpaeKTOpHH B TeOpllll g cp· COCTOHT B ·cne.uyiOIUeM: 

I) npH I .. 0 

2) npH ( ·s ( .. "" 

Krill IHI npH ·s...,. oo • f .. 0 (B CKaJJBpHOli Teopim f .. - 1 ), 

9T8 TpaeKTOpHB MHOI"O Me.uneHHee CTpeMHTCB K npe.UeJJbHOMy Hyne-

soM:y 3HatteH,HI0 1 • "::eM. B TeOpHH CKSJiHpHbiX Me30HOB. 

lOT' 

B .UHCCepTaUHR npHse.uea .upyroll npHMep Toro, KaK BhlCIUHe npH6JJH>KeHHB •ynyqwa
. /211 

TeopHro, B pa6oTe Ap6yaosa H .up. noKaaaHo, 'ITO B TeopHH nces.uocKaJJBpHb!X 

Me30HOB HTepapoBaHRe .UaarpaMM TpeTbero nopB.UKa npHBO.UHT K aMnJJHTy.Ue, o6na.uarouieJI 

cyme craeHHOJI ~co6eHHOCTbiO Ha- 6eCKO~e'!HOCTH no HMnynbCaM,. a no KOHCTaHTe CBB3H- B 

Haqane Kopp.UHHaT, B .UHccepTanHR .uoKaaaao, 'ITO npaMeHeHHe npe.uhl.uymero · MeTo.ua, 

B KOTOpOM BepWRHa H3 'leTbtpex JJHHHli aaMeHBeTCB CYMMOli'MHOI"OnyablpbKOBb!X' .UifarpaMMI 

. .USeT B.UpO, CHOBa npRHa.Une>KaiUee .K 4Jpe.urOJJbMOBCKOMy KJJaccy! HeCMOTpB HB TO, 'ITO 

Mbt y'lHTblBBeM 6ecKoHe'!Hyro cyMMy .UHarpaMM, co.uep>Kawyro 11 .uHarpaMMbt, RayqeHHbte s 
/21/ . 

pa6oTe • 

WecTaB rnaaa .unccepTBUHH nocBBIUeHa cna6b!M saanMo.uellcTBIIBM, B TO speMB, KBK 
/22,23/ . 

B pa6oTe nall:ca If <Pel!H6epra CJJB6bte B3aHMO.UeliCTBHB Y'lHTb!BaiOTCB B npe.unono>K€!!"'" 

HHII cymecTsosaHH>I - . w -MeaoHa, a.uecb 9Ta npo6neMa nccne.uyeTc>l B paMKax o6bi'!Horo 
/24/ 

¢epMn-saanMo.uelicTBif>l, Ha ocHose pa6oTbl •. YpasHeHne B<;: B V-A sapHaHTe pewa-

eTc>l C 'nyablpbKOBbiM' >I.UpOM .UJJ>I nenTOHOB HynesoJI MaCChi MeTO.UOM, oniicaHHbiM B TpeTb-

ell rnaQe. npll 9TOM lfHTepecHo, 'ITO YPBBHeHRe . .UifaroHaJJbHO no n 

Pa.uHaJJbHOe ypaaaeHife .UJJ>I ¢yHKURH rpiiHB HMeeT cne.uyroiUHli Blf.U: 

2 

( d 
d;T 

n2- I' 

~ 
+ 

E2 

.4 

• [2 . 
__ ) G(r,r') 
r • 

o(r- t') 

~ 

H a cnyqae E .f 0. 

(II) 

2. • 
· KoTopbiii coana.uaeT c ypaaHeHHeM Wpe.uaarepa c noTeHunanoM I I r •. JlHccepTauH>I 

.uaeT MeTo.u np116nH~eH~oro peweHH>I aToro ypasHeHR>I, · nony'leHHag T. '7MBTpRua Me-

poMop¢Ha so acell nnocKocTH TaK >Ke, KBK n B cnyqae TBep.uoro >~.opa, O.oHaKo nonroca· 

Pe.o>K_e He npRrO.OHbl ,llJJ>I Onpe.oeneHifB. BCHMnTOTH'leCKOI"O noae.oeHif>l, TaK KaK HeT· Be.oy-

Wero nonroca, npR6nR>Kemioe nose.ueHHe aMnJJRTY.llhl onpe.uen>!eTC>I nocne npose.oeHRB 

npeo6paaoaaHH>I BaTc.oHa-3oMMep<j:lenb.oa MeTo.uoM nepesana. AMnnnTy.oa y6biaae·T Ha GecKo-· 

He'!HOCTII KaK 1( S)u ·s •l log S •l , 

CllltrynBpHoe ypasHeHRe BC peweHo TaKRM o6paaoM; 'ITO cnepaa· peryn>~pHayeTCg 
B.llpo ypaaHeHR>I, aaTeM nocne nosopoTa KOHTypa lfHTerpRpoaaHH>! npoH3BO.llHTC>I paano>Ke-

. HHe no 'leTblpexMepHbiM rapMOllHKBM, 11 cosepwaeTC>I nepexo.o K r npe.ocTaa-
JJ9Hif10, npll 3TOM Blf.UHO, 'ITO npH U .. (~cnoMora.,:eJJbHag Macca) peweHRe 

8 

:1 
•I 

·'· 
' 

·~ 

·;i 

[·: 

CTpeMHTC>I K KOH9'lHOMy npe.oeny, ·g 3TOM CMbiCJJe ,llaHHbiJI_ M9TO.U no.oo6eH M9TO.lly <Pall;} 
/22 23/ . . -

?epra If naJtca ' , KOTOpb!e peWRJJli aCRMnTOTif'leCKif ypaaHeHRe .OJJ>I pacceBHif>l 

nenTOHOB nocpe.ucTBOM o6MeHa w -MeaoHaMR B 'necTHH'lHoM' npH6JJR>KeHRH, O.oHaK 
· • n31 Hatlllf peayJJbTaTbl OTpHuaiOT HX I"HHOTeay,_ Bhl.llBHHyTyiO B pa6oTe , 'ITO TOJJbKO W 

M9SOHHaB cT~OplfB npHrO,llHa .llJJB 'nepaTif3aU.HH', a ¢epMif-B3aHM0:0eJtcTBife He npRI"O.llHO, 

B aaKJJIO'lf!HRH .oRccepTauRR o6cy]!<.oaeTC>I aonpoc o .uanbHeliwRx B03MO>KHOCTBX Rc

cne.ooaannB aHaJJRTif'lecKHX caolicTB 8MnnHTY.U pacce>!HIIB c noMOIUbiO ypaaHeHRB BC. 

B npRno>KeHHBX .oaccepTanHH nepe'!HCJJ>IIOTC>! Heo6xo.uHMble caolicTaa 'leT~pexMepHbtx 
c¢epH'leCKHX rapMOHRK, .UaeTC>I .llOKa3aTeJJbCTBO B03MO>KHOCTH nOBOpOTa KOHTypa HHTerpHp< 

aaHa>l no P 0 ~ ypaaHeHaa BC, ecna ( p (~ 2 ) f ·< lC , a CB>I3b Me>K.oy cneKTpoM aHTerpan 

Horo onepaTopa a oco6eHHOCTBMa a f· nnOCKOCTH. 
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