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oomAH XAPAKTEPHCTHKA PABOTY 

AKT}'aJibHOCTb TeMa. -Ilocne.IlHHe neciTHJieTHH OTMe'leHH HHTeHCHBHHM 

HCCJie,noBaH~eM CHJibHOHeJIH.HeRHHX npouecCOB B pa3JIH'IHH~ . o6nacTHX 

HayKH : a3po- H rH.IlPO.UHHaMHKa, qJH3HKa nJia3MH H KOH.IleHCHPOBaHHOro 

cocTOHHHH, HeJIHHeRHaH · onTHKa, 6ii:onorH1IecKHe uay~H,· KJI~ccH'lecKaH H. 

KBaHToaaH TeopHH ¢YH.IlaMeHTaJibHHX no.neR; J{JIH H3y'leHHH :cymecT~eHHo 

HeJIHHeRHHX 3$1JeKTOB _IlOTpe6oBaJIOCb pa3BHTHe aneKaaTHoro 

MaTeMaTH'IeCKoro arrnapaTa,• IT03BOJIHDmero. BHRTH 3a paMKH MeTO,UOB 

TeopHH B03MymeHHR. BalKHHM 3BPHCTH'leCKHM MeTO,llOM HCCJie,llOBaHHH 

CJIOlKHHX HeJIHHeRHHX HBJieHHH CTaJIO MaTeMaTH'lecKoe MO,lleJIHPOBaHHe, 

B03MOJICHOC'_l'H .KoToporo 6acTpo - pacWHPHJIHCh_ .. no Mepe pocTa 

6ucTpo.n~RCTB.HH ·. H , n3:MHTH :3BM. B K~MIThDTepHHX 3KcrrepHMe_HTax 6HJIH: 

06Hapyxe~H _cymeCTBeHHO HeJIHHeitHHe JIOKaJIH30BaHHHe pemeHHH C 

KOHe'IHOH 3HeprHe8 - COJIHTOHH.· HccnenoaaHHH COJIHTOHOB CqJOPMHPOBaJIH 

o.nHy H3 HeMHOrHx Me:lK.IlHCUHnJIHHapHHX TeM·· coapeMeHHOH MaTeMaTH'IecKoR 

qJH3HKH. HecMOTPH Ha BrreqaTJlHKJmHe pe3yJibTaTa," rroJiy'leHHHe ,B TeOpHH 

~o-JIHTOH~B MeTO.IlOM o6pa-rHo8 3a.Il~'IH pacce~HHH H pO.IlCTBeHH!"MH eMy 

MeTO,UaMH, aaJKHaH pOJib KOMilbKJTepHHX HCCJie,noBaHHH 

. o6meM CJiy'lae HeJIHHeRHHX CHCTeM, He .. HBJIHKlfilHXCH 

oco6eHHO rroJie3HHMH OKa3HBaKlTCH 'IHCJieHHHe MeTO,UH 

coxpaHHeTCH_ B 

HHTerpHpyeMHMH. 

npH H3y'leHHH 

HeO,llHOMePHHX COJIHTOHOB, IlOCKOJlbKY a 6oJibWHHCTBe HeO,llHOMepHHX 

~o_neneR naJ1Ce O,UHOCOJIHTOHHHe_ pemeHHH He. y~aeTCH ·HaRT~ aHaJIHTH'leCKH; 

eCJIH lK~ a· TaKHX MO.IleJIHX OTCYTCTByeT yno6HaH ITO.IlCTaHOBKa, TO 

'IHCJieHHHR IlOHCK COJIHTOHa qacTo OKa3HBaeTCH HeTpHBHaJibHOR 3a,lla'leR. 

oOJibWOR . TeopeTH'.{eCKHH HI_ITepec rrpe,llCTaBJIHeT riOHCK YCTOit'IHBHX 

JlBY~- : H ··Tpe~MepHHX COJIHTOHOB, KaK . TOilOJIOrH'leCK_HX,. TaK H 

,UHHaMH'leCKHX ,· B pa3JIH'IHHX MO,UeJIHX qJH3HKH. KOHneiICHPOBaHHOro 

. COCT_OHHHH (reR3eH6eprOBCKHe. MarHeTH_KH, HCCJie,UOB_aHHe B03MOlKHHX 
' 3 

MeXaHH3MOB c~epxrrpOBO,llHMOCTH, CBepXTeKy'IHe ¢a3H He ) • WHPOKO 

H3BeCTH8: HCilOJlb3yeMa~ .B H,llepHOR qlH3HKe H .qJH3HKe anpoHOB. MO,lleJib 

CKJi:pMa. H _: e~ ·· ,M?.IlHcfJHKaUHH, B KOTopux 6apHOHaM, corrocTaBJIHIOTCH 

T~eXMe_PHHe COJIHTOHH C . e,llHHH'IHHM. ;,TcirroJIOrH'leCKHM 3apH,UOM 11
• Il03,llHee 

BHTTeH rroKa3aJI, 'IT_O 6apHOHH ITOHBJIHKlTCH KaK TpexMepHHe COJIHTOHHHe 

O!Yr:.tl',Elitlirii.41\ RllcntfJl'~. 
r.m-:.~~!JZ a1cJ1enonrioo!l 

~}¾EiJiilOTEKa 
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CB.113aHHLie COCTO.IIHH.11 N HepeJI.IITHBHCTCKHX KBapKOB B l/N-pa3JioxeHHH 

KBaHTOBO8 XPOMOJ[~HaMHKH. Jlo HacTO.lll!lero BpeMeHH coxpaH.11eT 

IIPHBJieKaTeJibHOCTb HJ[e.11 paccMaTpHBaTb caMOJIOKaJIH3OBaHHLie TpexMepHLie 

IIOJieBLie pemeHH.11 KaK KJiaCCHqecKHe aHaJiorH ,.,rneMeHTapHLIX 11 qacTHU 

MHKPOMHpa, KaKOBLIMH ,_MoryT OKa3aTbC.II 3JieKTPOHLI, , MOOH, -C-JieIITO_H, 

HeJIHHeHHOH· KBapKH ·H .T .J[ • HOBLIM HarrpanJieHHeM pa3BHTH.II 

MaTeMaTHqecKO8 ,,!l>H3~KH CTaJio H3yqeHHe CBOfiCTB KaK OJ[HOM_epHLIX, TaK H 

HeOJ[HOMepHLIX caMOJIOKaJIH3OBaHHLIX KOJie6aHH8 (6HOHOB,' IIYJibCO,HO!3) B 

pa3JIHqHI,IX HeJIHHefiHLIX MOJ[eJI.IIX. KBaHTOBaH~e COJIHTOHOB H 'rryiILCOHOB 

II03BOJI.lleT IIOJiyqHTb CIIeKTPLI 3HeprH8, J[OIIYCKaIOmHe B TpexMepHOM 

IIPOCTpaHCTBe HHTeprrpeTaUHIO KaK CIIeKTPLI Mace IIpOT.llll:eHHLIX qacTHU; 

ynaeTCH yKa3aTb HeCKOJibKO pa3JIHqHI,IX MexaHH3MOB reHepaUHH CIIeKTPOB 

Mace JIOK_aJIH30~aH~LIX, pemeHH8. 
0

HCCJieJ[oBaHHe B3aHMOJ[e8cTBH.II COJIHTOHOB 

IIPH CTOJIKHOBeHH.IIX naeT Ball:HYIO HH<l>opMaUJ{~ ~- CB~fiCTBax HeJIHHeHHLIX 

CHCTeM (HHTerpHpyeMOCTb, rrpoueccLI CJIH.IIHH.11 H pacrrana B CHCTeMe 

JIOKaJIH3OBaHHLIX pemeHHR, a'cHMIITOTHqecKHe 
·, 

COCTO.IIHH.11 IIPH t--) • 
,.·'',. . . ' 

H3yq_eHHe caMOJIOJCaJIH3OBaHHLIX pe~eHHH ypaBHeHH.11 KJie8Ha-ropJ[OHa C 

pa3JIHqHLIMH BHJ[aMH - HeJIHHefiHOCTH, MOJ[eJie8 MarHeTHKOB 

reil:3eH6eproncicoro THIIa (<T-im,neJie8), CHHyc-ypaBHeHH.11 r~pJ[OHa (Cr) 

rro3non.11e~· rroJiyqaTb nechM~ • o6mHe H rrpaKTHqecKH naxHLie · pe3yJILTaTu; 

IIOCKOJibKY 3TH ypanHeHH.11 OIIHCLIBaIOT WHPOKHR Kpyr .IIBJieHHR pa3JIHqHOH 

¢H3HqecKo8 IIPHPOJlLI. 

IlepeqHcJieHHLie BLime aKTyaJibHLie 3aJ(aqH conpeMeHHO8 (IJH3HKH 

HCCJieJ[yDTC.11 B J[HCcepTaUHH B paMKax Tpex rpyrrrr HeJIHHefiHLIX 

MaTeMaTHqecKHX MOJ[eJie8 

1) HeCTaUHOHapHLie JiopeHU-HHBapHaHTHLie ypanHeHH.11· J[JI.11 

J[eHCTBHTeJibHLIX H KOMIIJieKCHLIX CKaJI.llpHLIX IIOJie8 c pa3JIHqHLIMH BHJ[aMH 

HeJIHHe8HocTH. 

2) ·HHTerpo-nH¢¢epeHUHaJILHLie cneKTpaJibHLie 3anaqH ni1.11' c(IJepHqecKH-

CHMMeTpHqHoro 

B3aHMOJleRc-in'H.11MH. 

_ypanHeHH.11 mpenHHrepa C HeJIOKaJibHLIMH 

,, 3) ·,.cJffMa-Mo.zi.eJIH 11 , B. KOTOPLIX He3aBHCHMLIM ', nepeMeHHLIM .IIBJI.lleTCR N-

KOM~OHeHTHLl8 BeKTop eJ[HHHqHb8 J[JIHHLI, orrpe.nemieMLI8 B D..:Me~HOM 
,· .. D -

rrpocTpaHCTBe R (N=3,4; D=2,3). 

AKTyaJibHOCTb BLI6paHHOrO HarrpaBJieHH.11 ·HCCJieJ[OBaHH.11 onpeJ[eJI.lleTC.11'; 

no-nepnLix, 3,HaqHTeJILHO8 ·o6mHoCTbIO H-· na:ntLIMH npHnoxeHHRMH 
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paccMaTpHBaeMblX HeJIHHeHHblX ,Mo.neJie8, H, BO"'."BTOPblX, BO3MOlKHOCTblO 

BblHCHeHH.11 B npouecce KOMIIbIOTepHoro H aHaJIHTHqecKoro H3yqeHHH 

KOHKpeTHUX Mo.neneff'o6mHx 3aKO~OMepHOCTel1, CBORC~~e~H~X HeiIHH~H~~~ 
: '' . . ' . ·- ~ 

CliCTeMaM. 

UeJib ~~6oTu: B 66~b~ttiic~ne .nnyx- Ii TpexMepHux HeJittHeRHux Mo.neJie8 
. ' ,,_ 

tt3yqHTb , CBOHCTBa cpJI!iTO~HblX , pemeHlil1 TeMli JKe aHaJIHTlfqecKliMli 

MeTO.!laMtt, qTo H B O.!lHOMepHblX liHTerpttpyeMblX CHCTeMax, He y.naeTC.11. 

MeTO.!lttqecKOH ue.JiblO, .!lliCCepTaUttli .IIBJI.lleTC.11 pa3pa60TKa, 3!l>!l>eKTliBHblX 

cnoco6oB liCCJI_e.nonaHHH c, IIOMOll(blO 3BM HeJittHeHHblX HeO.!lHO~epH&X '3a.na'II, 

.nonyCK8:,IOlllliX. cyme,CTBOBaHtte: JiqKaJili3OB aHHblX pemeHH8, C . KOHeqf!oR 

3Hepnie8. IloJiyqeHtte HOBblX, npettMymecTBeHHO : .!lBYX~: H -TpexMepHLIX, ,, 

qacTHUerro.no6HblX pemeHliH aKTyaJibHblX' 3a.naq HeJittHe8HOl1 MaTeMaTHqecKoR 

¢tt31iKli H liCCJie.nonaHtte liX Cl)ORCTB HBJIHeTCH· KOHeqHOH , ueJiblO 

60JibWHHCTBa pa6oT, BKJIIOqeHHblX B .!lHCCepTaUHIO... H3yqaeTCH 

BO3HHKHOBeHtte,crreKTPOB Mace HeO.!lHOMepHblX qacTHU9IlO.!l06HblX pemeHHR. 

CTPYKTypa,.nHccepTaUHH. ~HccepfauHH,COCTOHT H3 _BBe.neH~H, _IlHTH rJiaB, 

3aKJIIO'leHHH, .!lBYX npHJIOJKeHHR H cnHbia UHTHPOilaH~ori· RHTepaTyp1,1 H3 

194 HairneHOB-~HH8. ITo,JiHblR 061,eM .!lHCc~pTaUHH 218 · cTpairnu, B pa6oTe 

58 , PHCYHKOll. 

HaytJHa.11 HbBH3Ha H rrpaKTHqecKall, ueHHOCTb pa60TLI. Pa60Tbl C yqacTHe~ 

anTqpa, 66cylK.!l'.1eMble B .!lHCCepTaUHH, HBJIHIOTCH 'BK~a.noM B P!i3BHTHe 

'Honoro ,HaytJHoro. HarrpaBJieHHH · HCCJie.nonaHHH c IlOMOll(blO 3BM 

JIOKaJIH3OBaHHblX pemeHHR HeJIHHeRHblX • 3'.1.!la~ conp_eMeHH,O11 MaTeMaTH'leCKOR 

(pli3HKH. OCHOBHble HaytJHble pe3yJibTaTbl IlOJiyqeHbl '.!lJIH .. 'laCTHUeIIO.!l06HblX. 

peme~HH HeJIHHeRHblX ,• ypaBHeHHR, OIIHCblBaIOll(HX. lIIHPOKHH :· Kpyr HBJieHH8 

pa3JIHqHOH 'Il!JHPO.!lbl B CHCTeMax 6e3 .. no.nno.na H .!lH~CH~aUHH 3HeprHH. 

.• ·npe.nJioJKeH H. peaJIH3OBaH. Ha 3BM HOB~H. cnoco6 pemeHHH cneK,TpaJibHOH 

3a~aqH .!lJIH ... cqiepHqecKH-CHMMeTpH.'IHOro YPi:t:BHeHHH IDP~.!lHHrepa 

C HeJIQKaJibHblMH :. IlOTeHl{HaJibHblMH B3.aHMO.!leHCTBHHMH, MO.!leJIHPYIOlllHMH 

y.nepJKaHHe HepeJIHTHBHCTCKHX . KBapKOB BHYTPH . 6apHOHOB. JlJIH:- CJiytJaH 

JIHHeHHoro noTeHUHaJia norrapHoro IlPHTHJKeHHH B CHCTeMe N KBapKOB, r.ne 

N4o>,: 'IHC_JieHHO, o6HapyJKeH HOBblH pe3yJibTaT 3Ha'leHHe KO<;>P.!lHHaTHOR 

O.!lHoqacTH'IHO8 <pyHKUHH B ueHTpe CHMMeTpHH He 3aBHCHT OT 'IHCJia ee 

Y3JIOB. 
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nocTpoeHa HOBaH MO)leilb MarHeTHKa reH3eH6eprOBCKoro THna C 

nonapHHMH B3aHMO)leHCTBHHMH CTIHHOB, pacnonoxeHHHX B y3nax 

Ky6HqecKOH pem~TKH, JlilH. KOTOpoA anepaue- a Knacce TpeXKOMTIOHeHTHHX 

CHrMa-MOJleneA auqHCilHTeilbHHMH 3KcnepHMeHTaMH nponeMOHCTPHPOBaHO 

cymecTBOBaHHe ycToAqHBHX cTaUHOHapHHX TP~XMepHHX COilHTOHOB. naHO 

onpeneneHHe pemfuoqHoro aHanora HHJleKca xon¢a, no3aonHamee 

auqHCilHTb 3TY aaxHyKJ xapaKTepHCTHKY naxe JlilH "cymecTBeHHO 

JlHCKpeTHHx"'cnHHOBHX. pacnpeneneHHA. 

06HapyxeHH H HccnenoaaHH HOBHe IlOKailH30BaHHHe CHMMeTpHqHue 

pacnpeneneHHH CKailHPHOro TIOilH u(r,t), OCUHililHPYKJmHe no apeMeHH 

(Hi3BaHH~e no3TOMY "nynhcOHaM~") 

(0=2,3)~ IlPH 3TOM anepaue 

B 0-MepHOM npocTpaHcTBe 

1) OTIHCaHH aHailHT'HqecKH ,,n~rKHe" nynhCOHH (ManoA aMTIIlHTym,1) H • 

qHcneHHO H3 yqeHa HX JlHHaMHKa, · 0=2, 3; 

2).B auqHCilHTeilbHHX 3KCnepHMeHTax B MO)leilHX C aupoxneHHHM 

BaKyyMOM- nponeMOHCTPHPOBaHO ¢opMHPOBaHHe H H3yqeHa: 3B0IlKJUHH 

nonroxHBYmHx 

a) ,.THX~IlHX" nynhCQH~B ·: (60ilblliOA aMTIIlHTYJlH), 0=2, 3, H 

6) .,.cBepXTHX~IlHX 11 nynhCOHOB YPll;BHeHHH CHHyc-ropnoH, 0=3; 

3) qHcneHHO noKa3aHa ycToAqHBOCTb HeH3nyqaKJmHx nynhCOHOB 

ypaBHeHHH KneRHa-ropnoHa c norapH¢MHqecKoA HenHHeAHOCTbKJ, 0=3. 

Bnepaue BunonHeHo KBa3HKnaccHqecKoe KBaHToBaHHe qacTHUenono6Hux 

nynhCOHHHx·pemeHHA B_ TP~XMepHOM KOOPJlHHaTHOM npocTpaHCTBe. 

B , JlHCcepTa·uHH pa3pa60TaHH H · peanH30BaHH B BHJle nporpaMM 

3~eKTHBHHe BHqHCilHTeilbH~e. MeTOJlHKH TIOHCKa H H3yqeHHH CBOHCTB 

qacTHUenono6HHX pemeHHB KaK ·B OJlHOMepHHX, TaK H B HeO)lHOMepHHX 

11enHHeAHui CHCTeMai, KOTopue YoryT 6HTb B nanbHeAmeM HCTIOilb30BaHH 

npH KOMTibKJTepHOM HCCile)lOBaHHH HenmieAHor'o MHpa. --

npaKiHqecKaH rieHHOCTb pa6oTH onpenenHeTCH TaKxe TeM, qTQ' HOBHe 

HayqHue pe3yilbTaTH nonyqeHH .B paMKax HeilHHeHHHX· ypaBHeHHA, lliHPOKO 

MaTeMaTHqecKOM MOJleilHPOBaHHH B HCTIOilb3Yt!MHX 

3neMeHTapm,1x 

HccnenoaaHHH 

npH 

qacTHU H KOH)leHCHPOBaHHOro COCTOHHHH. 

¢H3HKe 

TaK, 

TononorHqecKHX COilHTOHOB B TP~X- H 

qeTHP~XKOMTIOHeHTHHX CHrMa-MO)leilHX npencTaBilHKJT .HHTepec JlilH ¢H3HKH 

MarHHTHHX MaTepHailOB, TeopHH BHCOKOTeMnepaTypHoA 
. ·. . : • • 3 . 

caepxnpOBOJlHMOCTH I TeopHH caepxTeKyqecTH He B · A- H B- ¢a3ax; a 

'i ., 
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T3.KXe·HJlepHOH $H3HK~ (MOJleilb CKHpMa). 

l!HCileHHOe pemeHHe cneKTpanbHOH 3a)laqH JlilH c¢epHqecKH­

CHMMeTpHqHoro ypaB~eHHH lliP~JlHHrepa C He~OKailbHHMH B3aHMOJleHCTB~H~~ 

TI03B0IlHilO nonyqHTb HH¢opMaUHK>, KOTOpaH npencTaBnHeT.CH none~~~H He 

TOilb~o nnH •¢H3HKH 6apHOHOB (Monenh ·BHTTeHa), HO H JlilH TeopHH 

nonHpoHa a ·¢H3HKe TB~pn~ro Tena. HaaneHHHe B pa6oTe ~o6c~BeHH~; 

¢YHKUHH H '3HeprHH CBH3aHHHX COCTOHHHA MOXHO HCTIOilb30BaTb KaK 

Ha~a.'nbHOe npH6ninK~HHe npH pemeHHH a.HanorHqJIUX cneKTpaJibHllX. 3anaq' 

(HanpHMep, HenpepHBHHM aHanoroM MeTO)la HbKJTOHa) B TeX cnyqaHX, 

Karna OJlHHM H3 cnaraeMHX noTeHuHana nonapHoro B3aHMoneAcTBHH 

HBilHeTCH KY IlOHOBCKHH HilH IlHHeAH·o paciymHA C pacc·TOHHHeM noTeHUHan. 
' ' '. . -, ' 

. CHCTeMaTHqecirne qHcne1moe H3yqeHHe JlHHaMHKH ;,nayxMaCmTa6HHX" 

c¢ep11qecK11-c11M~eTpHqHux ·"nY3upeA" 6uJJo auncinHeHo n1:1cc~pTa~~oM B 

npouecce HCCil~JlOBaHHH · C TIOMOinbKJ. 3BM .· Ba.xHeAmHX . JlilH COBpeMeHHOH_ 

¢H3HKH Mo.nenefi C BHPOX)leHHHM BaKyyMOM, B KOTOpHX peanH3yeTcH 

CTIOHTaHHOe HapymeHHe CHMMeTpHH. Pe3YilbTaTH 3THX auqHCilHTeilbHHX 

3KCnepHMeHTOB, 3aBepmHB.lliH~CH 06HapyxeHHeM: TIYilbCOHOB· · H BHJleileHHeM 

xapaKTepHHX 3TaTIOB HX 3B OilKJUHH, BH3BailH aKTHBHOe .. o6cy~JlEiirne' B 

HayqiloA . IlHTepaType irnanOrH'1HUX npoueccciB B npornx~HHHX KOHTaKTax 

nxo:ie¢ccrna; 

06oc11oaaHHOCTh pe3ynbTaT0B H BHBOJlOB. B pa6o-rax, oTpaiiemmx a 

)lHccepTaUHH, HCTIOilh3yeTCJ:J ,.cHHepreTHqecKHA" .nonxon ,_,_ 061,e)lHHHKJmHA 

B03MOXHOCTH · ananHTHqec::KHX H qHcne1mux MeTOJlOB. IlpH TIOHCKe 

IlOKailH30BaHHHX 6apHOHonono6HHX pemeHHA B 1/N pa3noxeHHH KBaHTOBOH 
< C ! ' • ' ~ -• < : • > • ' 

XPOMOJlHl!aMHKH 3a)laqa CBOJlHTCH .K OJll!OMep110H KpaeaoA, qHcneH Hoe . . . ' . . . . ' 

pemeirne, KOTOpoA nony_qaeTCH C BHCOKOA Toq110CTbKJ. B03MOXIIOCTb 

CBe)lel!HH HHTerpO-JlH~epeHUHailbl!OA cneKTpailbHOA 3a)laqH K, KpaeBOH 

3amiqe nn~ JtH~¢epeHUHanhHH~ · ypa-~HeHHA on1:1pa~TcH Ha noKa3aHHHe a. 
• • .' < • ,• - • • ' ' • • ' ' ~· 

JlHC epTaUHH . YTBepxne~HH', HMeKJmHe f KOHC_TPYKTHBHHH . xapaKTep.' 

IlpH e~e11He Me_Tona MacmTa611ux npeo6pa3oaaHHA o6n_erqaeT .noHcK 

IIE!OJlHOMepHHX COilHTOHOB, 

~pi~¢a\io'a: "' l!HcneHliue 

Torion6r11qeck11x 

~eb~~f~~~~~bt· 
COilHTOHOB 

' 
oueHKH 

TI03B0IlHeT H36exaTb npH . 3_TOM qHcneHHHX 

HCCileJlOBal!HH 

nonKpennHK>T~H 

raMHilbTOHHaHa 

TpexMepHHX CTaUHOHap11ux 

B JlHCCepTaUHH 

CIIH3,Y qepe3 

nonyqeHHeM 

Ben1:1qH11y 

TononorHqecKoro 3apHna, coxpa11e11He KOToporo KOHTPO~HpyeTcH B xone 

5 



euqHCJIHTeJibHOro 3KCnepHMeHTa. nnH H3yqeHHH nHHaMHKH B3aHMone8CTBHH 

COJIHTOHOB H Hccnenoe~HHH 6onee o6mHx HeCTaUHOHaPHUX JIOKaJIH30BaHHUX 

peweHH8 B nHccepTaUHH npHMeHHDTCH KOHeqHo-pa3HOCTHUe CXeMU He HHXe 

BTOporo IlOPHnKa TOqHOCTH KaK no epeMeHH, TaK H no IlPOCTpaHCTBeHHUM 

KOopnHHaTaM; B euqHCJIHTeJibHUX 3KCnepHMeHTaX C BUCOK08 TOqHOCTbD 

coxpaHHDTCH HHTerpanu nBHXeHHH (3HeprHH, 3apHn). ~OPMHPOBaHHe 

nonroXHBYlllHX cqiepHqecKH-CHMMeTpHqHux nyJibCOHOB 60JibW08 aMnJIHTynu 

IlOKa3aHO euqHcJIHTeJibHUMH 3KCnepHMeHTaMH C pa3JIHqHUMH HaqaJibHUMH 

naHHUMH. 

OCHOBHUe. pe3yJibTaTU, IlOJIY,:lelIHYe B nHccepTaUHH. 

1. noKa3aHo, qTo pewenHH HHTerpo-nH¢¢epenuHanbHo8 cneKTpanbHo8 

3anaqH B MonenH 6apHOHOB, cqiopMyJIHPOBaHH08 BHTTeHOM B paMKax 1/N 

pa3JIOXeHHH 

pe3ynbTaTe 

KBaHTOB08 XPOMOnHHaMHKH, 

ceeneHHH 3T08 3anaqH K 

MoryT 6UTb nonyqeHu B 

HeJIHHe8HUM nH(p(pepeHUHaJibHUM 

KpaeBUM 3anaqaM, eCJIH paccMaTpHBaDTCH cnenyDmHe noTenuHanu 
· 2 -1 

. a) ~YJIOHOBCKH8,,Vc=-g r nonapHoro 

(pe3yJibTaT 

MeXKBapKOBoro IlPHTHXeHHH 

BHTTeHa), 6) JIHHe8HO · 2 2 paCTYlllH8, V =g a r, B) cyMMa 
. L . 

KYJIOHOBCKOro H JIHHe8HO pacTymero, v = V +V = - g2r-1 (l-a2 r 2
). 

f' C L . . 

Pa3pa60Tanu anropHTMU qH6nenHoro peweHHH H nnH ecex nepeqHcnenHux 

cnyqaee enepeue nannenu qacTHuenono6Hue peweHHH-HcxonHo8 3anaqH, 

onHoqacTHqnue BOJIHOBUe onpenenHDlllHe 

B036yxneHHUX cqiepHqecKH-CHMMeTpHqHUX 

COOTBeTCTBYDlllHe YPOBHH 3HeprHH. 

<PYHKUHH OCHOBHOro H 

'cocTOHHH8, euqHcnenu 

2. nocTpoena TpexMepnaH KnaccHqecKaH peweToqHaH Monenb 

MarHeTHKa re83en6eproecKoro THna, xapaKTepH3yeMaH KOHKYPHPYDlllHMH 

qieppoMarHHTHUMH H aHTHqieppoMarHHTHUMH B3aHMone8CTBHHMH. cnHHOB, 

pacnonoxeHHUX B y3nax peweTKH, nnH KOTopo8 'noKa3ano cymecTBoBaHHe 

B HeKOTopo8 o6nacTH . napaMeTpo~ CTaUHOHapHUX TOilOJIOrHqecKHX 

COJIHTOHOB. Pa3pa6oTaH 3(p(peKTHBHU8 MeTon qHcJieHH08 MHHHMH3aUHH, 

<PYHKUHOHana 3HeprHH, HCilOJib30BaHHU8 nnH nonyqeHHH COJIHTOHOB c! 

TononorHqecKHM 3apHnoM Ht=f, rne Ht- peweToqHu8 ananor HHneKca 

Xonqia. Pa3 pa6oTaHa MeTOnHKa H C03naHa nporpaMMa BUqHCJieHHH nnH 

3anannoro pacnpeneneHHH cnHHOB 3HaqeHHH Ht. B euqHCJIHTeJibHUX 

3KcnepHMeHTax enepeue nonyqeHu ycTo8qHeue cTaUHOH~~Hue TpexMepnue 

COJIHTOHU B TpeXKOMilOHeHTH08 U-MonenH. 

, 3. Ha· TpexMepHo8 Ky6HqecKo8 peweTKe nonyqeHa pa3HOCTHaH 

\ 
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l 
l 

I 
l 
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annpoKCHMaUHH . .HHTerpana 3HeprHH nnH CTaUHOHapHUX HE~npepUBHUX 

p;:cnp~neneHH8 B 'TpexMepHo8' MonenH CKHpMa H pa3pa60TaH 3(p(peKTHBHU8 

anropHTM nocnenoeaTeJibH08 noKaJibH08 MHHHMH3aUHH 3HeprHH·peweT,oqHux 
' ; ' . .....:.: ... ~~ -

pa,cnpeneneHH8. Co3naHa nporpaMMa · euqHcneHHH Ha KOMnbDTepe 

TononorHqecKoro 3apHna B peweTOtJH08 MoneJiH CKHpMa. 'B pe3yJibTaTe 

BUilOJIHeHHH MeTonHqecKHX. paC'!!lTOB • . naRneHO, KaKHM Heo6xon~MUM 

Tpe6oeaHHHM nonxHu ynoeneTBOPHTb Ky6MqecKHe peweTKH, HcnoJib3yeMue 

nnH HCCnenoeaHHH .B3aHMonelcTBHH TOilOJIOrHqecKHX COJIHTOHOB B MonenH 

CKHpMa B euqHCJIHTeJibHUX 3KCnepHMeHTaX. 

. ~- Me;~hoM Ma~wTa6Hux npeo6pa3oeaHH8 noKa3aHo oTcyTcTBHe 

CT.aUHOHapHUX 'neyMepHUX COJIHTOHOB B TpanHUHOHHUX KOHTHHyaJibHUX 

MoneJIHX aHH30Tp0IlHUX MJrHeTHKOB 're83eH6epra nnH aHH30TPOilHH 

npoH3BOJibHoro BHna. B neyx ne~MepHu~ · MonenHx -~e83eH6epra c 

nerKoocnon aHH3oTponHe8, pa3nHqaDlllHXC~ KOHKpeTH08 qiopMo8 

F BKJIDq!lHHUX B raMHJibTOHHaH nononHHTeJibHUX. CTa6HJIH3HPYDlllHX qneHOB 
4. . . . 

pF4, B WHPOKOM nHaUa3oHe 6e3pa3Mepnoro napaMeTpa p_: a) qHCJieHHO 

Ha8neHU CTaUHOHapHUe COJIHTOHU C TOUOJIOrHqecKHM 3apHnOM Q,;,;l; 6) nnH 

m=2, 3; 4. npHMUMH pacq!;TaMH noKa3aHO, qTo 3HepreTHqecKH BUronHUM 

HBJIH~TC~ o6pa:rnBaHHe CBH3aHHOro COCTOHHHH m. TaKHX ~OJIHTOHOB ~ nnH 

CKHPMOBCKoro BHna F qHc;eHHO Ha8neHU' .· 3aBHC~MOCTH ,3HeprHH' H(w), 
' ' ' ' ' 4 ' ' 

qHCJia. MarHOHOB N(w) . H xapaKTepHoro panHyca R(w) HeCTaUHOHapHUX 

COJIHTOHOB 

3HaqeHHHM 

OT qacTOTU 

napaMeTpa p. 

npeueccHH w, COOTBeTCTBYDlllHe pa3JIHqHUM 
\ 

5. BunonHeHO cpaBHHTeJibHOe HCcn.enoeaHHe ycTo8qHBOCTH onHOMepHUX 

(x, t) H cqiepHqecKH-CHMMeTpHqHUX (r, t) 3apHXeHHUX° COJIHTOHOB 

KOMnJieKCHoro ypaeHeHHH Kne8Ha-ropnoHa c HeJIHHe8HOCTbD~Hna "TOK x . ' ' . . . ' 
TOK" •. C IlOMOll{bD euqHCJIHTeJibHlilX 3KCnepHMeHTOB. nonTeepllineHa o6maH 

·"" , ' ·. ' ' ' . ' - . ' 

TeiineHUHH cyxeHHH ~6nacTH ycTo8qHBOCTH.nO qaCTOTe w npH nepexone 

OT omi<JMepH~X coJIHTOHOB K cqiepHqecKH-CHMMeTpHqHilM. · . 

6. p~3pa60TaHa MeTon~Ka H eunonHeni.i euqHcnHTeJibHUe 3KcnepHMeHTlil 

no HccnenoeaHHD B3aHMone8CTBHH COJIHTOHOB . H nyJibCOHOB ; B· paMK.aX 

ypaeHeHH~ ~ne8H~~ropn~iia~ · HeJIHHe8HUX noKa3aHo, qTO KapTHHa 

B3aHMone8CTBHH 3apHXeHHlilX COJIHTOHOB onHHaKOBlilX aMilJIHTyn 

cymecTBeHHO 3aBHCHT,. OT COOTHOW9HHH 3HaKO,B . HX .. 3apHnOB, a nnH 

conHTOHOB ·· c onHnaKoBUMH 3apHnaMH · H aMnnHTynaMH. -' ·oT -~aqa.nhH08 

pa3HOCTH qia3 3THX COJIHTOHOB •. ' IlpH HyJJeB08 pa3HOCTH (pa3 B 

CHCTeMaTHqecKHX 3KCnepHMeHTaX B paMKaX ypaBHeHHH KJie8Ha-ropnoHa C, 

7 



JJorapmpMl!l!eCKOH HeJJHHeHHOCTbJO (Kr JIH). 06Hapy"JKeH1,1 l!eni:pe Kal!eCTBeHHO 

pa3JJl!l!aJOJlll!XCll Bap11aHTa B3al!MO,lleHCTBl!.H B 

CKci£cicTH V COJJl!TOHOB, W =w =w, V =-v =v 1 1 2 · 1 · 2 

ynpyrHe, · TaK 11 cymecTBeHHO Heynpyr11e 

3aBHCl!MOCTI! OT l!aCTOTbl W l! 

npl!l!eM OTMel!eHbl KaK noqTI! 

(o6pa30BaHl!e CBH3aHH0,0 

COCTO.HHl!.H) B3al!MO,lleHCTBl!.H COJ!l!TOHOB npH CTOJJKHOBeHl!.HX. 

7. MeTO.llOM · EO,OJJJ060Ba-Ml!TponoJJbCK010 BnepBue Ha8,neHbl 

·ccpep11~ecK11-cH~MeTp11qHue JJoKaJJH3oBaHHble ocUHJJJJHpy10mHe pemeHH.H MaJJoR 

aMnJJHTY.llbl ("JJerKHe" nyJJbCOHbl) ypaBHeHHH KJJe8Ha-ropno~a c 

Ky6Hl!eCKOH HeJJl!HeHHOCTblO (Kr 3) , CHHy~-ropno.H (Cr) , 

KJJe8Ha-roponoHa-XHrrca. (KrX). 

8. ITPI! l!CCJJe,llOBaHl!I! HeJJl!HeHHbIX MO,lleJJeH CKaJJ.HpHoro nOJJ.H c 

BbipOJK,lleHHbIM 

3KCnepl!M.eHTaX 

BaKyyMOM- (ypaBHeHHH 

o6HapyJKeHu .. He 

Krx, Cr) 

1!3B eCTHble 

B Bbll!l!CJll!TeJJbHblX 

paHee TpexMepHue 

CaMOJIOKaJJH30BaHHble KOJJe6aHl!H noJJ.H 60JJblliOH aMnJJHTY.llbI - ,llOJJ,OlKHBYllll!e 

c:rra6oH3JJYtJa10mHe ny JJbCOHbl. AMnJJHTy na OCUHJJJJHUHn' 11T.HlKeJJbIX" 

_ccpepl!l!e,CKH-CH.MM,eTpl!l!_HblX. ny JlbCOHOB orpaHHl!eHa CBepxy . paCCTO.HHl!eM 

MelK.llY 6JJHJKa8mHMI! BaKyyMaMI! (ypaBHeirnH Krx, Cr) • B paMKaX 

MHO,OBaKyy~Horo ypaBHeHl!.H. er· . HaRieHbl uCBepXT.HlKeJJue" 

ccpepHqecKH-CHMMeTpHl!Hue ny JJbCOHbl c ·aMnJIHTY non ocuHJJJJHUHH OT 

noJJyTop; .ll_O .llBYX paCCTO.HHl!H ~E!lK.llY co~e,llHl!MH BaKyyMaMI!, He. irne10mHe 

6HOHHbIX aHaJJoroB B O.llHOMePHOM (x,t) cJJyl!ae. IToKa3aHa . l!eTKO 

BblpaJKeHHa.H CB.H3b rpaHHU 30H no aMnJJHT}'.lle _ocUHJJJJHUHH nyJJhCOHOB ,_B 

KOTopux _OHi! .HBJJ.HJOTC.H caMocpopMHPYJOllll!Ml!CH_ CuYCTOHttl!BbIMH") l!JJI! 6ucTpo 

pa3pymaJ01lll!Ml!CH ( ;,HeyCTOHl!l!BbIMl! 11 ) , C pacnOJJOlKE!Hl!eM TOl!eK MaKCHMyMa 

•. I!- Ml!HHMyMa l]OTeHUl!aJJbHbIX p_eJJbecpoB - pacc.MaTpl!BBE!Mh!X HeJJl!HeHHbIX 

Mo.lleJJe8. 

9. ITpo,lleMOHCTPHPOBaHa YCTOHl!l!BOCTb HeHTpaJJbHbIX l! 3ap.HJKeHHblX 

ccpepl!l!ecirn-cl!MMeTpl!l!Hbl_X nyJJbCOHOB, .HBJJHIOllll!XCH, TOl!HblMH pemeHl!.HMl! 

ypaBHeHl!H Kr JIH. C no.MOlllbJO KBBHTOBBHl!.H . no Eopy-3o~Mepcpe.nb.llY. 3Tl!X 

!1Y JlbC.oHOB noJJyl!eHbl . .lll!CKPeTHble 'cneKTPbl Mace_ "npoT.HJ!CeHHbIX "l!aCT.l!U", 

KaK He3BPHl!CeHHbIX, TaK l! l!MeJOJlll!X 3JJeMeHTBPHbIH 3ap.H,ll Q=l. 

ITy6JJHKaUH.H pe3yJJbTaTOB. 0CHOBHble Hayl!Hble pe3y Jib Ta TU I BKJIJOl!eHHble. B 

.lll!CCepTaUHJO, -ony6JJHKOBaH1;1 B pa6oTaX, cnHCOK KOTOpbIX npHBe,lleH B 

-KoHue aBTopecpepaTa. - . 

-, 
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Anpo6auHSI pa6on1. . Hayl!Hble pe3y Jib Ta Tbl, m!JIOJ!CeHHble . B .llHCCep_TaUl!l!, 

JtOKJJa.llbIBaJ!l!Cb aBTOpOM 11 o6cynaJJl!Cb Ha Ha:Yl!HbIX ceMl!Hapax· · JIBTA .I! 

JIT~ mum, .W.slKYJJbTeTa BMK H. NeXaHl!KO.::.MaTeM.aTl!l!eCKO,O cpaKyJJhT_ern 
tl>THHli -- . · - - -

MrY, . 11T9~, 11HCTHTyTa TeopeTHl!eClCOH (pl!3l!KI! AH YCCP, o6meMOCKOBCKOM 

ceMHHape no Teopl!l! COJll!TOHOB l! HHTefpHpyeMbIX CHCTeM, Me:11myHapO,llHOM 

CHMn03HyMe no (p1!3l!Ke BbICOKHX 3HeprH8 (Kopno6aHr, 1986); 

Mel!C,llyHapO,llHOM Cl!Mn03HyMe no l!36paHHbIM npo6JJeMaM CTaTHCT_Hl!eCKOH 

MexaHHKI! (.lly6Ha, 1987), Mel!C,llyHapo,llH08 KOH(!JepeHUHI! u'll!CJJeHHble • 

MeTO.llbl I! npHJJOJ!CeHl!.H 11 (CO(pl!.H', 1988) ,· Mel!C.llyHapO,llH08 KOHcpepeHUl!I!. no 

l!HTerpaJJbHbIM ypaBHeHl!HM I! o6paTHblM ~a,llal!aM (BapHa,~1989), 

MelK,llyHapO,llHbIX _COBemaHl!.HX no· . MaTeMaTHl!eCKOMY MO,lleJJHPOB_aHl!IO I! 

MeTo.llaM pemeHl!.H cp1!31!l!ecKHX 3a.llal! (.ny6Ha, 1977, 1983), 

Mel!C,llyHapO,llHOH KOHcpepeHUl!I! no l!l!CJJeHHbIM MeTO.llaM . (Ml!lliKOJ!bU ,.- 1990) , . 

MeJK,llyHapO,llHOH KOH(!JepeHUHI! ,.MaTeM_antl!e.C,IC.Oe_ MO.lleJJl!pOBaHl!e I! 

npHKJJa,llHa.H MaTeMaTHKa" (MOCKBa, 1990), Me.JJWJ.HapO.llHOM. _ce)!HHape no 

Hemrne8HbIM 3B OJJJOUl!OHHbIM ypaBHeHl!SIM I! .lll!HaMl!\lef:KHM · CHCTeMaM; _ NEEDS-

90 (.lly6Ha, J,99d) , BcecoJ03HOM . ceMl!Hape no _TeopHH · coJJHTOHOB 

(JleHHHrpa,ll; 1979) , BcecoJ03HblX pa60l!l!X _ COBema.muuc _ "Teopl!.H _COJJl!TOHOB 

I! npl!"JJOJKeHl!.H 11 ( 1985, 1987, 198.9) , IiceCOJQ3:H08 , KOHcpepeHUHH 

MO,lleJJHpoBaHl!e ileJJ11He81me np66JJeMu I! 

MaTeMaTl!Ka" (3!BeHl!,OPO.ll, 1988;),, BcecOJ03HOM 

MaTeMaTHl!ei::KoMy MO;lleJJHPOBa'lUi!O B, 

"MaTeMaTHl!eCKOe 

Blll!l!CJ!l!TeJJbHa.H 

coBel!laHHH _. no 

(AJIMa-ATa, 1986) , _ a Ta~J!Ce HeOJI:ROKpaTHO Ha. .Hay l!HbIX . 

(pl!3l!Ke . 

cecc11.Hx 

OT,lleJJeHl!.H . .H,lle.pHOH (p1!3HKH AH CCCP. 

OCHOBHOE CO.llEPIAHHB PASOTbl. 

no 'BBe,lleHl!I! noKa3!iBaeTC.H B~l!Clla.H po.JU, ,m1cJJeHHbIX MeTOJlOB npl! 

l!_CcJJe,llOBaHl!H HeJJl!HeHHbIX 3a,llal!. COB;r>eMeHHOH iMaJ:eMaTHl!eCK08 (pl!3l!Kl! l! 

CBOHCTB l!X JIOKaJJH30BaHHbIX pemeHH8,; Jlae:r.c.H . ;()Q30p Jll!Te_paTypu no 

paCCM~TPHBaeMbIM B JlHCcepTaUHI! HeJJHHeAHbIM )MQJleJI.HM II o6cyJKJlaeTCSI 

aKTyaJJbHOCTb - pemeHHbIX B pa6 0 Te . 3a;naq,, . t!:QJleIJl(l!TC.H alfHOTaUHSI 

l!3JJOl(eHHllX B"KalKJlOH rJJaBe pe3yJJbTa:roB~ 

rJIABA 1. JIOKAJll-130B~HJ~blli liAPHO_!IOilQ.llOEHblE tCIUUlAHHblB COCTO.IIHl-1.11 

CHCTBMbl HBPEJI.IITl1BHCTCKHX KBAPKOB .B ~fN-PA3JIOIBHHH·· 

KBAHTOBOR XPOMQ.llHl:IAM11KK. 

B §1 H3JiaraeTCSI o6maR .noc;auoaxa aaJlattH HCCJieJlOBaHHSI 

6apH011ono,ll06HNX COCTO.HIIH8 B MOJlemi :BH:r.reH.a.. npeJmOJJaraeTCSI, 'ITO 
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ace KBapKH B 6apHOHe 0,I{Horo apoMaTa (IlPHMepaMH llBJillDTCll ~··, 

COCTOllll(all H3 Tpex u:.KBapKOB H n-, COCTaBJieHHllA H3 Tpex s-KBapKOB). 

. B rrpemionoJKeH~H N>>l 3a;i:aqa CB.0,I{HTCll K HCC~e,I{OBaHHD B npHOJIHJKeHHH 

6 ➔ ➔ ➔ 

XapTpH-<l>OKa BOJIHOBOR. ¢yHKUHH (Bel>) N 030HOB. 4'(xl,x2, • •. ,xN), 

rrpe;i:cTaBJilleMoA B BH,I{e 

N 
➔ ➔ ) 

IJl(xl, • • • •~ rr q.>(x
1
>, 

I =1 
(1) 

rie q.>(x) - onHoqaCTHqHall B<I>, N[q.>] = J1~1
2
d

3
x = 1. 

0,I{HoqacTHqHall Bel> q.,(x) H 3HeprHll E KBapKa B CBll3aHHOM COCTOllHHH 
' 

,I{OJIJKHl,l HaXO,I{HTbCll KaK perneHHe HHTerpo-nH¢¢epeHURaJibH08 

crreKTpan6Hon 3a;i:aqH 

-4rrV➔2q.,(x) + q.>(X) Jvc1x:.yl)t/f(y)d
3
y =·,Eq.>(X), N[q.>] = 1, (2) 

X . . 

r ne V (r)°- IlOTeHUHaJI nonap~oro IlPHTlllKeHHll KBapKOB · (HCilOJib,3 YDTCll 

6e3pa3MepHue rrep~MeHHue)_- B ;i:HccepTaUHH pacdMaTpH;aDTCll 

noTemiHanu, HMeDmHe cnenyiomHA o6mHA BHJl : 

-1 2 ➔ ➔ , 
Vf(r) =.-(qr -ex r), r = lx-yl, 

-1 . 
a = r

0 
, (3) 

ex, q .- IlOCTOllHHlle. B pa6oT,e BHTTeHa (Nucl.Phys.,B 160(1979)57) 

,I{Jlll __ 'laCTHoro cnyqall KYJIOHOBCKoro JIOTeHUHana (KIT) V(r) (q=l,·. cx=O) 

3a;i:aqa, (2) , CBe,I{eHa K IlOHCKY .rioKa~H30BaHHllX (q.,(oo)=O) HOPMHPOBaHHHX 

perneHHA (N[q.,] =l) perneHH8 Henmrn8Horo: ,I{Hcjxj)epeHUHaJibHoro ypaBHeHHll 

qeTBepToro rropH;i:Ka 

2 -1 ➔' , 2' ➔ 2 _:. 
-v➔ (q., (x)V➔ q.,(x)) + l'Pl (x), = o. 

X . X 
(4) 

B ,I{aJibHe8rneM_. B 3TOA rnaBe HCCJie;i:yDTCll .c¢epH'!eCKH-CHMMeTpH'IHlle 

perneHHll q.,(r). 

B §2 paCCMaTpHBaeTCll 3a;i:aqa (2), (3) B cnyqae KIT. IloKa3UBaeTCll, 

'!TO perneHHll q.>(r) ypaBHeHHll (4) TaKHe, '!TO q.,(r) ➔o npH r➔oo H N[q.,]=l, 
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llBJillDTCll COOCTBeHHllMH ¢YHKUHllMH (C<I>) 3a;i:a,rn (2) ,I{Jlll KIT V(r)=-r~1 

BMeCTe C COOCTBeHHllMH 3HaqeHHllMH (C3) 

CX) 

En -4rr[q.,-
1
(r)v/q.,(r) lr=o + [ q.,

2
(r)rdr], 

2 d2 
V = - + 

r dr2 
2 d 

r dr 
(5) 

06HapyJKeHO none3HOe CBOHCTBO perneHH8 ypaBHeHHll (4) : eCJIH ~(r) 

BCTb perneHHe ( 4) , TO ~b (r) =b~ (b112r) - TaKJKe perneHHe 3TOro , 

ypaBHBHHll. ITonyqeHo npaBHJIO nepexona OT HBHOpMHPOBaHHllX perneiim1 

~(r) K HOPMHPOBaHHllM q.>(r) : 

q.,(r) = N-2 [~]~(rN-1 [:~J). (6) 

PerneHHll ypaBHeHHll (4) HaXO,I{HJIHCb qHCJIBHHO ITPH 3a,I{aHHH_ 'IBTUpex 

,I{OilOJIHHTeJibHllX ycJIOBHA : dq.>/dr(O)=O, d 3 q.,/dr3 (0)=0, q.>(oo)=O, N[q.>]=l. 

ttcnOJib30BancH MeTo;i: CTpenh6u. HaA;i:enu nepeue 9 C<I> q.,n(r), n= 

1,2, ••• ,9, npH'IBM q.> {r) HMeeT k=n-1 Hyne8, H COOTBeTCTBYIOmHe C3 
n , . -

E • KOJIH'leCTBeHHUe xapaKTepHCTHKH C<I> H C3 rrpe;i:cTaBneHll , B BH,I{e 
n , 

. TaOJIHU. OOHapyJKeHO, '!TO a6COJIDTHall BeJIH'IHHa C3 En yMeHblliaeTCll c 

p·ocToM n · 6uc'rpee, '!eM no 3aKoHy IE I oc n-2 • · · 
n 

B §3 ¢0PMYJIHPYDTCll HeJIHHe8aue ,I{H¢¢epeHuHaJibHUe Kpaeeue 3a,I{a'!H 

B03HHKa~mHe ITPH HCCJIB,I{OBaHHH HHTerpo-;i:H¢¢epeHUHaJibHllX cneKTpaJibHllX 
. . ' '2 ' 

3a,I{aq (2) ,I{Jlll 3anHpaDU(HX IlOTeHUHaJIOB BH,I{a (3) npH ex .. a. CHa'!aJia 

C IlOMOll\bD JleMMll 1 §2 H COOTHOllieHHA V 2 (x-y(=2lx:..yl-l H 
X ,. , 

IJ 
2 
lx-yl-

1
=-4m5 (x-y) 3a,I{a'!a (2), (3) CBO,I{HTCll K HaXOJK,I{BHHD 

X 

JIOKaJIH30BaHHllX HOPMHPOBaHHllX perneHH8 ypaBHeHHll 

2 -1 2 ' 2J 2 ➔ ➔ ➔ -1 3 2 . , 
-2rrV (q.> V q.>) + ex q., ( lyl) lx-yl d y + 2rrqq., = o. 

r r , 
(7) 

,!le8CTBYll .··Ha ypaBHeHHe (7) onepaTOPOM V 2, 
r 

.rronyqaeM 

. ,I{H¢¢epeHUHaJibHOe ypaBHeHHB 6-ro IlOPll,I{Ka 

2 2 -1 2 2 2 ) 2 2 · I -v [V (q.> (r)V q.,(r)] - 2a q., (r + qV q., = o., 
r r r r C8 r 

B §3 IlOKa3aHo, '!TO, ~ellieHHll- q.,(r) ,ypaBHeHHll. (8); TaKHe, '!TO 

q.,(oo)=O, N[q.>]=l H o[q.>]=O, T,I{e . 
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8 [ cp] 1 [ 2 -1 2 2 ] I 2J 2 -1 - Vr (cp Vr cp)-qcp r_0 (o: cp (r)rdr) - 1, 
2 -

0 

(9) 

RBJJRIOTCR c~ 3anaqH (2), (3) BMeCTe C C3, onpenenHeMHMH no ¢opMyne 

00 00 

E [ -1 2 I 2J 2 3 J 2 ] 4rr - cp (O)Vrcp(r) r=0 +,o: cp (r)rdr - q cp (r)rdr. (10) 

0 0 

nna perneHHH.YPBBHeHHR (9) HYXHO 3BBBTb 6 nonoJJHHTeJJbHHX ycJJOBHA 

1) cp(oo)=O, 

4) dcp ( 0) =O, 
dr 

2) 8[cp]=O, 

5) cp
131 

(O)=O, 

3) N[cp]=l, 

6) cp
151

(O)=O. 

PRB TeAnopa BJJSI cp(r) 3BnHCHBBeTCSI B BHBe 

cp (r) = a + a r
2 

+ a r
4 

+ a r
6 

+ 
0 2 4 6 

, 

npHqeM, no_BCTBBJJRR ( 12) 'B ( 8) , Ha.XOBHM 

[ 
-2 '3 -3 2 2 ] 

a = a 26·a a a - 6a a - (o: a - 6qa a )/60 /42. 
6 .• o 2 4 0 2 0, 0 0 2 · 

(11) 

(12) 

(13) 

B §4 pacc~BTPHBaeTCSI qaCTHHA cnyqaA 3anHpaJOmero noTeHUHBJJB (3) 

c · q=o (nHHeAHHA noTeHUHBJJ, JUI) • YpaaHeHHe ( 8) npHHH':fBeT BHB : 

V 2[ V 2(cp-1V 2cp)] 
r r r , 

+ 20:2cp_2 o. (14) 

ITyCTb {cp(r,o:) ,E(o:)} - perneHHe HCXOBHOA 3BBB4H (2), (3) npH q=O, 
2 • . . 

o: atl. Torna cnpaaennHBH ¢opMynu nepexona 

2/3 
cp(r,o:) = o:cp(o: r,l), (15) 

E(a) = E(l)o:4/ 3= E(l) (o:2) 2/ 3
, (16) 

nO3T~MY BOCTBTO4HO HCCJJeBOBBTb perneHHR ypaBHeHHR (14) npH o:
2
=1. 

B §4 noKB3BHO, 4TO HOPMHPOBBHHHe perneHHSI cp(r) MoryT 6HTb 

nony4eHH H3 HeHOpMHPOBBHHHX 71(r) no ¢opMyne 

\ 

12 

l 

. i 
l 

t 
l 
I 

l 
I 
t 

l 
\ 

l 
l 

1 
( 
I 

·l 

cp(r) = N-1 [T/] ·T/(rN-1/ 3 [71]). (17) 

a TBKXe HaAneno, qTo COOTHOllieHHe 

8 [ cp] 
1 00 

2 -1 2 I J 2 • -1 ;Vr (cp Vr cp) r=O( cp (r) rdr) - 1 o, (i8) 
0 

2 . . 
RBJJRJOmeecR qacTHHM cnyqaeM (9) npH o: =l, q=O, HHBBPHBHT~O 

'OTHOCHTeJJbHO npeo6pa30BBHHA (17), qTo no3BOJJReT npoaepHTh (18), He 

nepeXOBH K HOPMHpOBBHHHM perneHHH~ cp(r). nanee H3JJaraeTCH CTpaTerHH 

nOHCKB 4HCJJeHHHX perneHHA ypaBHeHHH (14) c ycJJOBHRMH (11). HaAneHH 

nepaue 9 c~ cpn(r) H C3 1\, n=l,2, ••• ,9, .xapaKTepHCTHKH KOTOPHX 

npencTBBJJeHH B TB6JJHUe. l!HCJJeHHO o6napyxeH HHTepec1mA pe3yJJhTBT 

BJJH 3BB_B4H (2) C JIIT 3HB4eHHSI cpn (OJ' He 3BBHCHT OT HOMepa n. 

B ~5 paccMBTPHBBeTCSI HaH6onee BBXHHA BJJR ¢H3HKH BBPOHOB 

H B TO xe BpeMH HBH6onee CJJOXHHA BJJSI 4HCJJennoro HCCJJenoBBHHH 

cny4_aA 3amipa10mero 11 aopouoquoro 11 noTeHuHana (BIT) (3) c q=l, · o:
2

atO : 

B CHJJY HeJJHHeAHOCTH 3BBB4H (2) ee perneHHR BJJSI BIT He BHPBXBIOTCSI 

JJHHeAHOA KOM6HHBUHeA perneHHA BJJSI KITH JIIT, KPOMe Toro, OTCYTCTByeT 

BO3MOXHOCTb nocTpoemrn HOpMHpOBBHHHX perneHHA C nOMOmhlO 

npeo6pa30BBHHA HeHOPMHPOBBHHHX perneHHA BHBB (6) HJJH (17). 'ITOHCK 

perneHHA YPBBHeHHSI (8). ynoBJJeTBOPRIOmHx ycnoBHRM (11), (9) • 

BHTTOJJHRJJCR C yqeTOM KOJJH4eCTBeHHHX xapaKTepHCTHK c~. naAneHHHX B 

§§ 2 H 4 BJJR KIT H JIIT. ITon6HpBJJHCh
0 

TPOAKH napaMeTpOB (a , a , a ) , 
0. 2 4 

RJJR KOTOPHX 4HCJJeHHHe perneHHR, nonyqaeMHe c y4eTOM (12), (13), 

06nana10T Tpe6yeMHMH CBOHCTBBMH. 06masi CTPBTerHH TTOHCKB perneHHA 

TBKOBB :, npH ¢HKCHPOBBHHHX a4 H a2 BH6HpaeM ao , o6ecne4HBBJOmee 

BHnOJJHeHHe ycJJOBHR cp (oo) =O, na JJ ee, H3Mel!RR a H a , HBXORHM 
. * * *** 4 2 3HaqeHHR a, a Ha (a ,a), RJJSI KOTOPHX BHHOJJHeHH TBKXe ycJJOBHR 

4 2 042- _; · • 

N[cp]=l H 8 fqi]=O .• AHBJJH3HPYIOTCSI Bi:Jnpocu cymecTBOBBHHSI H KOJJH4eCTBB 

JJOKBJJH3OBBHHHX , , He11opMHpOB alllmX peine1rnA ypaBHeHHSI (8) npH q=l, 
. * * 

HMeJOmHx PB3JJHqHoe 4HCJJO Y3JJOB I B OKpecTHOCTSIX TO4eK (a4 , a2 ) HB 

nnocKOCTH (a4,a2) • 

ITOHCK perneHHA BHnOJJllSIJJCSI nocnenoaaTeJJhHO RJJR yneJJH4HBBIOmHXCSI 

3HaqeHHA 0:2 (MeTOB 3BOJJIOUHH no napaMeTpy o:2). 4TO nO3BOJJSIJJO 

CTpOHTb nporHO3 BJJR DeJJH4HH {a0,~2.a4). HccnenoaaJJHCb perneHHH 
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rp (r) C '-IHCJIOM Y3JIOB k=n-l=0,1,2. Pe3yJibTaTU pactJeTOB C<I> H C3 
n / _ - 2 

npe.ncTaBJieHU B Ta6mmax. 3aBHCHMOCTb 3HeprHH YPOBHefi Ef n (a ) .nm1 

BIT npe.ncTaBJieHU Ha PHCYHKaX H cpaBHHBaDTCH C 3aBHCHMOCTHMH Efn(a
2

) 

.!tJIH JIIT. · Hafi.neHO, '-ITO npH a
2
>0. 03 c TO'lHOCTbD, He MeHbWeH 11% H 

yseJIH'-IHBanmeficH c 

COCTOHHHH E (a
2

) 
fl 

. 2 
POCTOM a, .!tJIH HaxoJK.neHHH 3HeprHH OCHOBHOro 

ITOKa3aHO, '-ITO C 

MOJKHO 'HCilOJib30BaTq ¢0PMYJIY Efl (a
2

)s:Elt (l)a
4

/
3

• 

yseJIH'-IeHHeM '-IHCJia Y3JIOB k npHMepHoe paBeHCTBO 
2 2 Et (a ) s:E (a ) 

. 3H:'-IeHHHX r:2 • 

.!tOCTHraeTCH C 3a.naHHOH TO'-IHOCTbD npH ace MeHbWHX. 

rnABA 2. CTAUHOHAPHME TOITOROfH4ECKHE CORHTOHM 

B TPEXMEPHMX u-MonERHX 

B §1 KpaTKO 'o6cyJK.naDTCH Bonpocu cymecTBOBaHHH _ .!tHHaMH'-IeCKHX H 

CTaUHOHapHUX. TpexMepm,ix COJIHTOHOB B Tpex- H tJeTupeXKOMilOHeHTHUX 

HeJIHHeHHUX U-Mo.neJIHX. 

B §2. H3JiaraDTCH pe3yJibTaTU _HCCJie.nosaHHH TpexMepHUX CTaUHOHapHUX 

TOilOJIOrHtJeCKHX COJIHTOHOB B MO.!teJIHX MarHeTHKOB refi3eH6eproBCKOrO 

THna. 3;i~ JIOKaJIH30BaHHU~ peweHHHM COOTBeTCTBYDT 0To6paJKeHHR 
' . · 3 2 

KOMnaKTH¢HUHPOBaHHOro rpaHH'-IHUMH ycJIOBHRMH npocTpaHCTBa Rco.:p➔s , 
pa36HBarimHeCR Ha· KJiaccu C pa3JIH'-IHUMH 3HatJeHHRMH ueJIO'-IHCJieHHOro 

HH.neKca Xon¢a H, '-ITO Il03BOJIReT onpe.neJIHTb BeJIH'-IHHY TOilOJIOrHtJeCKoro . ,• . ' - ·-
3 a pR.na Q=H COJIHTOHOB. B §2 .naeTCfl ?npe.neJieHHe pemeTO'-IHOro aHaJiora 

HH.!teKCa Xon¢a Hl, Il03BOJIHBWee .!tJIH pemeTO'IHUX JIOKaJIH30BaHHUX 

pacnpe.neJieHHH pa3pa60TaTb 3¢¢eKTHBHUH aJiropHTM BU'-IHCJieHHR 
j ·., 

TOilOJIOrH'-IeCKOr? 3apH.na Q=Ht. 3TOT aJiropHTM OKa3UBaeTCR 

pa66Tocn·oco6HHM H Ii Tex c:JiytJaRX, Kor.na TpeXKOMilOHeHTHUH e.nHHH'-IHUH 

BeKTOp S (X) pe3KO H3MeH5rnTCH Ha paCCTORHHRX nopH.nKa IlO~TORHHOH 

peiueTKH 'a. ITpH .ne¢opMaUHH pewe_TO'-IHUX pacnpe.n_eJieHHH ( B OTJIH'-IHe OT 
. : . ·- . 

HenpepUBHUX) BeJIH'-IHHa Ht MOJKeT H3MeHRTbCH. 

• B §2 ~aCCMOTpeHa KOHTHHyaJibHaR Mo.neJib refi3eH6eproBCKoro 
· ·" ' '-. ·. ' a a 1

• • • 

MarHeTHKa. c IlJIOTHOCTbD raMHJlbTOHHaHa (s s =1) 

H ·u + H 
l · 2 ; [ a( asa 

axi 
(+ ,s( 

14 

82 Sb 

ax2 

m 

r J , 

'i ., 

I 
l 

i 
J 
f 
i 
i 
! 
I 

4 

1 
/ 

I 
J 

(19) 

a,/3>0, a,b,i,m=l,2,3. 

ITOKa3aHo, 

HCKJID'-IaeTCR 

'-ITO 

B 

cymecTBOBaHHe CTaUHOHapHUX COJIHTOHOB He 

pe3yJibTaTe aHaJIH3a MeTO.!tOM MacwTa6HUX 

npeo6pa30BaHHH; B OTJIHtJHe OT Mo.neJIH (19) c /3=0. Hafi.neno, '-ITO Ha 

COJIHTOHHUX peweHHHX .!tOJIJKHO 6UTb BUilOJIHeHO .. E =E , r.ne .E =J1(d
3x, 

l_ 2 k k . 

k~l,2. 

nanee B §2 nonytJeHa oueHKa cHH3Y .nnH 3HeprHH HenpepuBHux 

JIOKaJIH30BaHHUX pacnpe.neJieHHH B Mo.neJIH (19) 

E E +E ;e. 33/84n(a/3)l/21Hl3/4. 
l 2 • 

.. (20) 

nHcKpeTH3aUHeH KOHTHHyaJibHOH Mo.neJIH ( 19) ·noJiytJeHa peweTOtJHaR 

Mo.neJib · (TO'-IHOCTb annpoKCHMaUHH O (a
2
)), . .!tJIW KOTOPOH 3HeprHR 

CHCTeMU CilHHOB Sn, paCilOJIOJKeHHhl X B y 3JiaX' Ky6HtJeCK.OH pemeTKH, 

BUpaJKaeTCH cyMMOH no BCeM ee Y3JiaM C HOMepaMH M(n) H KOOP.!tHHaTaMH 
➔ ➔ 

xH=nmem, m=l, 2, 3, 
➔ 

r.ne e -e.nHHH'-IHUe BeKTOPU B IlOJIOlKHTeJibHUX 

HanpaBJieHHRX KOOP.!tHHaTHUX ocefi 

3 

E = l { (3a + 21/3) - s · [c I ➔ 

+ s 
H n ➔ ➔ 

n±e 
H m== 1 m 

(21) 

3 3 

+ I s + I ➔ ] } C C s , 
nn D.±2e nd ➔ ➔ ➔ 

n±e .±e 
m =1 m k,m k m 

k<m 

npHtJ_eM 

C = 0.5a + 6/3, C = -0.5/3, C = -/3, 
n nn nd 

(22) 

'-ITO OTpaJKaeT :Ha JI HlJHe . KOHKYPHPYDillHX 
• ~, '. ' _ ;' ' • I• ' ! 

aHTH¢eppoM~_rHliTHOro (cnn <O,cnd<O) 

¢eppoMarHHTHO ro ( C n>O) 

CilHHa B3aHMo.nefiCTBHH 

H 

SH co 

cnHHaMH B coce.nHHX Y3JiaX peweTKH. 

Ha_ pemeTKe 3a.naBaJIHCb HatJaJibHUe KOH¢HrypauHH CilHHOB _c H-e=l, 

onpe.neJIReMUe B Y3Jiax c KOOP.!tHHaTaMH X =n, m=l,2,3,. n =0,±1,±2, 
•' , ,,. , m m • m 

¢opMyJiaMH 
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1' 
s =2 (N

1
N

4 
+N

2
N

3
) , 

N =2X (1+R2
)-

1
, 

m m 

s
2
=2 (N N -N N ) ; 

1 3 2 4 

N =(1-R2
) (1+R2

)-
1

, 
4 . 

s
3=(N

2
+N

2
-N

2-if) 
3 4 1 2 ' 

3 

R2= 't" x2 
I... m' 

m:;::: 1 

X =K:X • 
m m 

(23) 

B §2 nponeMOHCTPHPOBaHa 3¢¢eKTHBHOCTh MeTona nocnenoBaTeJJbHOH 

JJOKaJJbHOH MHHHMH3aUHH 3HeprHH E JJOKaJJH30BaHHhlX pacnpeneJJeHHH 

CilHHOB, onpeneJJHeMOH cyMMOH (21), nm1 uaxoJKneHHH TpexMepHux 

TOilOJJOr:H'leCKHX COJJHTOHOB. CTaUHOHapm,1e COJJHTOHU C TOilOJJOrH'leCKHM 

3apHnoM Hl=1 6UJJH noJJy'leHU B paMKax MoneJJH (21), (22) npH BU6ope 

napaMeTpOB a=2, /3=10 H3 Ha'!aJJbHhlX naHHUX (23) c ic=0.24 H ,c=0.30 B 

pe3yJJhTaTe MHHHMH3aUHH 3HeprHH E rrpH coxpaHeHHH B xone 

Bll'lHCJJHTeJJbHOro 3KCnepHM8HTa BeJJH'lHHhl H,=1. B 3KCilepHMeH_Te Ilpl-1 

a=2, /3=1.5, 

3apH n a (Hl=1 

,c=0.30 3a¢HKCHPOBaHO HecoxpaHeHHe TOilOJJOrH'leCKoro 

~t=O) B xone npouecca MHHHMH3a U HH (rrpoHB
0

JJeii11e 

· BhlpaJKeHHOH nHcKp_eTHOCTH CHCT8Mhl CITHHOB) • TeM caMUM IlOKa3aHO 

OTCYTCTBHe .B perneTO'lHOH MoneJJH (21), (22) CTaUHOHapHhlX TpexMepHUX 

COJJHTOHOB c Ht.=1 iipH /3</3c,.:(a),.·B TOM 'lHCJJe npH /3=0. , 

AJJropHTM nocnenoBaTeJJbHOH JJOKaJJbHOH MHHHMH3aUHH, aHaJJOrH'!HhlH 

HCilOJJb30BaHHOMY B §2, ynaeTCH pa3pa6oTaTb H B 6oJJee CJJOJKHOM cnyqae 

'!eTupeXKOMilOHeHTHOH MoneJJH CKHpMa. COOTBeTCTBYDmHe ¢opM~JJl1 

rrpencTaBJJeHU B §
0

3 3TOH r JJaBU. 

B §3 TaKJKe H3JJOJKeHa MeTonHKa Bhl'lHCJJeHHH TOilOJJOrH'leCKoro 3apHna 

Qt B ·MoneJJH CKHpMai HCilOJJb30BaHHaH B Bll'lHCJJHTeJJbHhlX 3KCilepHM8HTax 

Ha Ky6H'!eCKOH perneTKe. OilHCaHU ~e3yJJhTaThl MeTonH'leCKHX TpexMepHUX 

pac'leToB JJOKaJJH30BaHHl1X pacnpeneneHHH IlOJJH C pa3JJH'!HhlMH 

3Ha'!eHHHMH TOilOJJOrH'leCKoro 3apHna Qt, 

COJJHTOHOB C Qt=1 - nCKHPMHOHOB". 

B TOM 'lHCJJe H3BeCTHhlX 

r JIABA 3. TOIIOJJOnlqECKHE · COJIHTOHbl B JlBYMEPHhIX AHH30TPOIIHLIX 

MOJlEJIHX rE83EH6EPrA co CTA6HJIH3HPYIDmHMH qJJEHAMH 

paCCMOTpeHhl CTaUHOHapHue B §1 

nByMepHUX aHH30TPOilllhlX MonenHx 

raMHJJbTOHHaHa BHna 

16 

TOilOJJOrH'!eCKHe 

reB3eH6epra c 

COJJHTOHhl B 

IlJJOTHOCTbD 

\ 

' 

1f. = ·a2 (8 sa) 2 + (32 w (sa) + 7 2 F <8 sa) = H + H + H, 
1 an 4 l 1 2 · 3 

(24) 

rne wan~o, sasa=:1, i=1,2, a=1,2,3, 8 =8 =8 8 =8 =8 
1 x

1 
x' 2 x

2 
y' 

a,(3 , . ..-

IlOCTOHHHhle, a HeOTPHUaTeJJbHOe cnaraeMoe F4 HMeeT 'l8TBepTUH rropHnOK 

no npocTpaHCTBeHHUM IlPOH3BOnHUM. 

MeTonoM MacrnTa6HUX rrpeo6pa30Bal!HH IlOKa3aHO, 'ITO Ha COJJHTOHHUX 

perneHHHX noJJJKHO BhlilOJJHHThCH paBeHCTBO H =H (H =JH d
2x,. k=1,2,3). 

2 3 k k 

Il03TOMY cymecTBOBaHHe CTaUHOHapHUX COJJHTOHOB H8B03MOJKHO rrpH ..-=o, 

13~0, a TaKJKe npH /3=0, ..-~o. 
B naJJbH8HllieM paccMaTpHBaeTCH KOHKpeTHhlH cJJy'laH aHH30TPOilHH 

"JJerKaH OCb 11 , w =sin2e, rne e- yroJJ MeJKny enHHH'!HhlM BeKTOpOM e = . 3 

"JJerKOH" OCH H B8KTOPOM° CITHHa s ; CHa'!aJJa paccMaTpHBaeTCH 

CKHPMOBCKHH BHn F4 (CM. §3 rnaBU 2) 

F =F =(8 sa8 sa) 2 
- (8 sa8 sa) 2 

4 S i i i j 1 i,j=1,2, a=1,2,3, F ~o. 
s 

(25) 

IloKa3aHO OTCYTCTBHe npH F4=Fs CTaUHOHapHhlX COJJHTOHOB C 
. 2 2 

TOilOJJOrH'leCKHM 3apHnoM Q=O, rne Q - CTeneHb OT06paJKeHHH R -s 
, comp 

Q = (8rr)-lf C Cabcsa8 Sb8 scd2x, 
ik .I k 

i,k=1,2, a,h,c,;,1,2,3. (26) 

JlJJH paccMaTpHBaeMUX B §1 nByMepuux COJJHTOHOB cnpaBenJJHBa oueHKa 

a~H~ 8rrQ, noJJy'leHHaH B D=2 H30TPOilHOH MoneJJH nn~ MaClliTa6Ho­

HHBapHaHTHhlX0 com!TOHOB 6eJJaBHHa-IIOJJHKOBa. JlJJH OT06paJKeHHH Sa (x ) , 
' . I 

3anaBaeMUX ¢opMyJJaMH (x =a-1(3x, y =a-
1
f]y -1 6e3pa3Mepnue 

d d · 

KOopnirnaTU) 

s
1

= sine cosx, 

x=mq:,, e=e (r), 
s

2
= sine sinx, s 3 = cose, 

xd=r·cosq:,,, yd=r·sinq:,, 

cnpaBenJJHBO paseHCTBO Q = m[cose(oo) - cose(0))/2. 

IlOKa3aHo, 

COOTBeTCTBllH 

'ITO 

C 

nJJH IlOHCKa COJJHTOHHhlX 

TeopeMOH KoynMe11a-IIane 

pemeHHH 

cnenyeT 

(27) 

C Q=1 B 

HCITOJJh30BaTb 

noncTaIIOBKY (27) c m~1 H ycJJOBHHMH e(O)=rr, e(oo)=O; npH B~~~ m 3Ta~ 

noncTanosKa onpenenHeT
0

He 3aBHcHmHe OT ~rna q:, pacnpenenenH~ H.: 
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{J-2ll (r) de 
dr. r+ 

nre p = rl-r2a-4
• 

(m2 r-2+1) sin2e + 2pm2 r-2sin2e 
( 

de 
dr )2. (28) 

JloKanH30BaHHUe pacnpeneneHHH JIIlH panHanbHOH cpyHKUHH e(r) , npH 

m=l onpenenHIOmHe COilHTOHU, HaXOJIHilHCb MeTOJIOM CTpenb6U KaK peweHHe 

KpaeBOH 3aJiaqH 

d 
2 e -1 ( de ) 2 -2 • - _ 2 -2 [ • 2 d 

2 e _ -- + r -d - (m r +l)sine case + 2pm r sine --
dr2 · r dr2 .+ 

+sine. case ( ~~ r -r-
1
sin

2
e ( ~~ ) ] , e(O)=rr, B(ro)=O! 

(29) 

J!IlH pa3nHqHUX 3HaqeHHH p OT p=l0-6 JIO p=500. 

AHanorHqHue HccneJIOBaHHH 6unH BUilOilHeHU JIIlH F =(8 saa sa) 2
• 

4 I I 

06HapyJKeHO, qTo OCHOBHUe pe3ynbTaTU . B JIByx MOJienHX coena)la!OT, a 

HMeHHO : 

1) HeTononorH'leCKHe (Q=O) CTaUHOHapHUe COilHTOHU He cymecTBYIOT, 

2) npH Manux p xapaKTepHue pa3Mepu noKanH30BaHHUX pacnpeneneHHH 

R nponopUHOHanbHU p 7
m ';irn m=l, 2, IlPH'leM HaH)leHHUe qHcneHHO 

m 

3Ha4eHHH 7m 6nH3KH K 1/4 B o6eHX MOJienHX. 

3) 3aBHCHMOCTb H(p) 3HeprHH COilHTOHOB 

annpoKCHMHpyeTCH ¢opMynoH 
-2 - K. • 

a H = 8rr + Bp , ,czO. 42, B=canst. 

C Q=l npH p<_<l 

(30) 

4) nnH ecex p 3HeprHH noKanH30BaHHUX pacnpeneneHHH H(Q) 

- Jll[e (r) ]d2 x , m=Q', YJIOBil8TBOPH!OT HepaeeHCTBY 
m d, 

H(Q=2)<2H(Q=l}, T.e. B MO)lenHX C pa3nH4HUMH F4~o 

3HepreTH48CKH BUrOJIHO o6pa30BaHHe CBH3aHHOro COCTOHHHH JIBYX 

COilHTOHOB C Q=l. .nanee, npH p=l pac'l~Ta1rn IlOKa3aHO I qTQ 

H(Q=3)<3H(Q=l) H H(Q=4}<4H(Q=l) • 

B §1 OTMeqaeTCH, 'ITO HHTerpan 3HeprHH nerKOOCHOH aHH30TPOilHH 

H2, euqHcnHeMUH Ha COilHTOHaX EenaBHHa-nonHKOBa c_ Q=l, 

nor~p~(pMH48CKH paCXOJIHTCH, qTQ ne5aeT HeTpHBHanbHUM HCilOilb30B_aHHe. 

TeopHH B03MymeHHH no napaMeTpy p<<l JIIlH OilHCaHHH COilHTOHOB C Q=l B 

. MonenHx (24) c w =sin
2e. ,. . an 

B -_§2 npencTaBneHu pe3ynbTaTu qHcneHHoro HccnenoeaHHH neyMepHux 

COilHTOHOB C Q=l· H HeHyneBOH qacTOTOH w OJIHOPOJIHOH npeueccHH CilHHOB 

\ 
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B MOJienH C W =sin2e H F =F • .!lHHaMH'leCKHe TononorHqecKHe COilHTOHU 
. an 4 S • . , 

HaHJI8HU MeTOJIOM CTpenb6U JIIlH 311aqeHHH. p=l0-6
, 10-

5
, 10-

4
, 10-

3
, l. npH 

pa3nHqHUX 3HaqeHHHX O<w<l. HaHJI8HO, qTQ JIIlH naHHOrO p conHTOHU 

cymeCTBYIOT IlPH -3HaqeHHHX OSWmax (p) ;. npH w=wmax (p) _ COilHTOHHOe 

peweHHe e)IHHCTBeHHO, IlPH O<w<wmax(p) _cymecTBYIOT JIBa noKanH30BaHHUX 

peUieHHll - y 3 Koe H WHPOKOe; W (p) ➔l -npH P➔O, 
, max · 

MOHOTOHHO YM8HbWaeTCll, npH p=l Wmax"'O• 29 • 

C poCTOM p ,wmax(p) 

nonyqeHHue . HaMH ·· 

qHc~eHHUe pe3ynbTaTU npH p~~l xopowo ~ornacyIOTCll C 3aBHCHMOCillMH, 

nonyqeHHUMH paHee aHanHTHqecKH J!Illl JIHHaMHqeCKHX COilHTOHOB Manora 

pa;myca _. B ·.o6o6meHHOH MOJienH re~3eH·6eprOBCKO~O 'MarHeTHKa (l1BaHOB 

E.A., CTecpaHOBHq B.A., JK3T<I>, 91 (198-6) 638) •. 

rJIABA 4. HECTAUl10HAPHME JIOKAJ!l130BAHHME P~lliEHl1H B HEJ!l1HE8HMX 

MO,!lEJIHX CKAJIHPHOrO IlOJIH. · IlYJibCOHM. 

Bo BBe)leHHH (§1) npeJICTaeneHu 66mHe "COOTHOUieHHH nnsi 

0TMe4aeTCH pactMaTpHBaeMUX ·e· rn,4 penHHeHHUX MOJieneH. 

o6nacTH ycToRqHeocTH 3apHJKeHHUX cbnHTOHOB cKanHpHoro non11 

Jcpl 4 . npH nepexone 

cyJKeHHe 

J!Illl 

ypaBHe_HHll Kne8Iia-ropJIOHa C caMO)leHC.TBHell! OT. 

OJIHOMepHoro. K Tpex~epHOMY ~ny'la!O~ 

B §2 BUilOnHeHO cpaBHHTenbHOe f!CCneJIOBaHHe conHTOHOB 

KOMnneKCHOro nonll e· OJIHOM8PHOM (x,t) H ccpepH48CKH-CHMMeTpH4HOM 

(r,t) BapHaHTaX MO)lenH C caMOJieHCTBHeM J Jµ . ' µ 

!£ a m*a m - m*m - J Jµ 
µT. µT T T _ µ r 

* * J = cp a cp - cpa cp, µ µ µ 
µ=O,l, •• ,D. (31) 

HaHJI8HH~e,B OJIHOMepHOM cnyqae conHTOHU 

cp (x,t) = [·(1-w2) 1/2/2w]·sech [x(l-w2) 1/
2

] exp(-1wtJ, lwl<l, 
s 

(32) . 

OKa3UBa!OT~ll, KaK IlOKa3anH 'lHCneHHUe _HccnenoeaHHll,; yc:rott'lHBUMH npH 

:ecex lwl<l. B OTilH'!He. OT HHX, ccpepH'leCKH-CHMM8TPH4HUe .- conHTOHU 

. . . ' 

cp (r,t) = [ (l-w2)/~w2] 1/ 2A [r(l-w2
)u2] exp (-1wt), lwl<l,, 

- ,;Q . - . 0 ' ' . -
(33) 

rne A
0

(1;) -_6e3y3n0Boe peweHHe Kpaeeo8 3ana'IH· 
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2 
~ + .f 8A -. 
8i;:2 . • i; 8i; - A + A3 o, 

8A. 
ai; (O_) =O, A(m) =O, (34) 

KaK IlOKa3aHH_ BUqHCHHTeHbH~e '3KCrrepHMeHTU, HeycTofiqHBU rrpH Bcex 

lwl<l. 

B §3. H3yqem,1 · noKaHH30BaHHUe ccpepHqeCKH-CHMMeTpHqHl,le KO_ne6aHHll 

Manon aMrrnHTynu cxanllpHoro IlOHll B paMKaX ypaBHeHHfi Kr3, Krx Her : 

u - Au + u - u3 = o; 
tt 

u - Au - u + u3 = o, 
tt 

u -Au + sin u = o. 
tt . 

(35) 

(36) 

(37) 

PerneHHll U (r, t) 1 ._c.>ITHCbIBa10ume . TaKHe ManoaMITHHTynm1e , rry HbCOHl,I 

( .,nerKHe II rry Hb COHU) ' rronyqeHU Me:ronoM Boron1060Ba-MHTPO,IlOHbCKOro. 

'IHCHeHHUe. HccnenoBaHHll IlOKa3aHH, qTo B OTnHqHe OT paHee 

,HccnenoBaHHUX caMOHOKaHH30BaHHUi 1x,t) KOne6aHH0 (Seeger A. et al. 
. ,, .'' ' . \ 

Zh.Phys., 134 , (1953) 173; -•KoceBHq. A.M., .KoBaneB A.e. JK3T<I>, 67 

. (1974) 1793; · Dashem R.F. et al., Phys.Rev~ D11 (1975) 3424) . . 
ccpepHqeCKH~CHMMeTpHqHl,le nerxHe rrynhCOHU, O_IlHCUBaeMue .. B cnyqae 

ypaBHeHHll (35) cpopMynoR 

u = u.A(cr)A-1 (0)·cos [(1-c2
)

1nt] -i- O(u3
), _o · , . • . . o u =81/2cA(O), 

0 ' 
(38) 

He llBHlllOTCll caMocpopMHPYIOlllHMHCH (A(€) - perneHHll ·(34)).-

B §3 H3HOXeHu pe3ynhTaTl,I Bl,lqHCHHTeHbHUX 3KCrrepHMeHTOB, B 

KOTOpux ~3-yqanHCh no6oBue CTOHKH,OBeHHll BCTpeqHl,IX ManoaM~HHTynHUX 

rry HbCOHOB ypaBHe_HHll ( 35) • T9T cpaKT' 'iTO B pe3 y HbTaTe CTOHKHOBeHHll 

onHOMepHUX rrynhCOHOB HX aMITHHTynu H CKOPOCTb OCTalOTCll rrpaKTHqecKH 

HeH3MeHHUMH, 061,llCHlleTCll .,6n~30CTbl011 rrp~ u 2 <<1 ypaBHeHHll (35) K 
.. : ' '.•' : ' . , .. · ' ' . ·. 0 

BilOHHe HHTerpHpyeMOMY onHoMepHOMY ypaBHeHHIO er • 
. . 

B §4 rrpencTaBneHU pe3ynhTaTu qHcneHHOro HccnenoBaHHll 3BOHIOUHH B 

. paMKax ·, ypaBHeHHll · (36) HaqanbHUX pacrrpeneneHHfi --rronll B BHne 

nBYXMac1I1Ta6HUX 'ccpepHqecKH-CHMMeTpHqHl,IX KHHKOB, 
-1/2 u(r)=th[ (r-Ro)2 ] , TOHlllHHa ,. KOTOPUX rropllnKa enHHHUU, a Ro>>l. 

IlpH 3TOM.H3y'iaHCll Borrpoc : B03MOXHO HH.cymecTBOBaHHe nonroXHBYlllHX 

nayxMaC1I1Ta6HUX rrynhCHPYIOlllHX rry31,1pe8, rrepHonHqecKH B03BpamaIOlllHXCll B 

\. 
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COCTOllHHe, 6nH3KOe K HaqanbHOMy. PacqeTU IlOKa3anH, qTo TaKoro 

B03BpaTa rrpH 60HblIIHHCTBe paCCMOTPeHHUX R He ·Ha6n10naeTCll, H 3a 
. ' 0 

apeMll rropllnKa onHoro rrepHo,11a cxaTHSI-pacrnHpeHHll - Hcxonm10 rry3upb 
' . 

pa3pyrnaeTCll, BUCBeqHBall 6onblIIYIO qacTh HaqanbHOfi 3HepfHH; 

MaKCHMaHbHOe BpeMll XH3HH ny31,1pe8 - He 6onee HeCKOHbKHX nepHonoa. . . 
AHanorHqHue pe3ynhTaT1,1 rronyqeHU ,11nll HaqanhHUx naHHUX u(r) .= 

4 arctg exp(r-R
0

) B paMxax ypaBHeHHll (37). 

Ha 3aKnJOqHTeHbH00 CTanHH 3THX 3KCnepHMeHTOB B paMKax M6nene0 C •. 

BUpoxneHHUMH BaKyyMaMH 61,1no 3aqJHKCHPOB~HO cpopMHpoBaHHe' 

ccpepH'ieCKH-CHMMeTpH'iHl,IX .,Tllxen1,1x 11 nonroXHBY Ill HX nynhCOHOB; - He 

H3BeCTHl,IX paHee O,llHOMacrnTa6HUX rroneBUX o6pa3oBaHH0, aMnHHTyna 

KOTOPUX He MeHee nonoB~HU paCCTOllHHll Mexny coce,llHHMH aaxyyMaMH. 

B nanbHefirueM 61,1no npocnexeHo (cM. §4) cpopMHPOBaHHe Tllxenux 

nynhCOHOB H3 npyrHX -ccpepH'ieCKH-CHMMeTpH'iHUX HaqanbHl,IX ,llaHHl,IX; ,llHll 

o6eHX Monene0, (36) H (37), OTMe'ieHl,I TPH 3Tana B HX 3BOHIOUHH : 1) 

OTHOCHTenbHO 6ucTpoe cpopMHPOBaHHe, 2) ,llHHTeHbHall perynllpHall 

CTanHll, Ha KOTOpoR: 

KOJJe6aHH0 nynhCOHOB 

npOHCXO,ll_HT : MenneHHOe yMeHblileHHe aMnnHTynu 

H cna6oe BU~Be'iH~aHHe HX 3Hepr~H H 3) 

HHTeHCHBHOe H3Hy~eHHe 3HeprHH H _6onee 6ucTpOe 'na,11eHHe aMnHHTyn1,1 

. oc·uHHJJllUHfi nocne ,llOCTHXeHHll_ ee KPHTH'ieCKHX 3Ha'ieHH0, 

COOTBeTCTBYIOlllHX' JJOKaHbHblM MaKCHMyMaM noTeHUHanoB . u (u) 

. paccMaTpHBaeMUX Monene0· (nnll ypaBHeHHll KfX ' U=(u2 :..1) 2i2. ,llHll .. 

ypaBHeHH~ er U=2(1-cos ti)).-

HaKoHeu, B §4 a paMxax 

MHoroaaxyyMHOMY IlOTeHuHany 

ypaBHeHHll 

_U(u), 

er (37), COOTBeTCTBYIOlllero 

o6HapyxeHo cymecTaoBaHHe 

.,cBepXTllXenux" nonroXHBYlllHX ccpepH'ieCKH-CHMMeTPH'iHUX ·nyn~COHOi, He 

HMeIOlllHX aHanoroB . B onHoMepHux (x,t) Monenllx : · aMrrnHTyna 

CBepXTllX_en1,1x nynhCOHOB' c(t) npeaurnaeT .paCCTOHHHe Mexny cocenHHMH 

BaKyyMaMH, 3rr<c(t)<4ri. npocnexeHa · .,KaCKa,llHall" _.3 B OJJIOUHSI 

CBepXTllXen?ro nynhCOHa, B pe3yHbTaTe KOTOpoR cpopMHpyeTCll H3j'ieHHU0 

paHee TllXenun· nynhCOH. B §4 cpaBHHBalOTCll . KOHH'ieCTBeHHUe 

xapaKTepHCTHKH TllXenux H CBepXTl1Xen1,1x rrynhCOH_OB •. 

rnABA,5. ~HHAMH'IEeKHE CBOACTBA H KBA3HKRACCH'IECKOE KBAHTOBAHHE 

ROKARH30BAHHMX PElllEHHR YPABHEHHR KRERHA-rOP~OHA 

C norAPH<I>MH'IECKOR HERHHERHOCTh~. 

~ §1 ypaBHeHHe KfflH B D-MepHOM np~CTPRHCTBe, 
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2 - - -2. - - 2 D-1 
u't't - fi._ l;(;U+ ,mu 7:l u ln(lul a ) = O, (39) 

npeo6pa3yeTcH nocne BBeJteHHH 6e3pa3Mepttux nepeMeHHUX 

t=-rl-1 , x=~l-1, u=l(l-Dl/2Grp, 

(40) 

G2=(la-1)~1 exp [D + (lm)
2
], 

K BH.llY 
. 2 -

rptt - fi.xxrp - Drp - ln(lrpl )rp = 0. (41) 

'_ YpaBH8HHe ( 41) o6na.llaeT llPH mo6oM uenoqHcneHHOM 02:1 

3aMeqaTenbHUMH CBOHCTBaMH OHO HMeeT ananHTHqecKHe conHTOHHUe 

peweHHH - rayccoHU, a TaKl!Ce 6onee o6mHe pewemiH ¢aKTOPH30BaHHoro 

BHJla 

rp(x,t> 
• • ➔2 . 

y(t) exp [-11/J(t)] - exp(-x /2); Im y(t)=O, ( 42) 

H3 KOTOP!IX HaH6onee HHTepeCHUMH HBRHIOTCH H8H3nyqaIOIUHe nynbCOHU, 

HMeIOIUHe 3apHJl 

Q=2nD/2G27, 
2 : ' ' 

-r=y 1/J =const. 
t ' 

(43) 

nynbCOHaM COOTB8TCTBYIOT Kone6aHHH y(t) MaTepHaRbHOH TOqKH' {MT) 

·.B no-reHUHaRbHOM penb~<pe. 

2 -2 2 · · 2 
U

7
(y) = [7 y +y (1-ln y )]/2 ( 44) 

' -- ' - ' . 2' - ' 
OTHOCHT8RbHO CORHTOHHOro nonol!CeHHH paBHOB8CHH ys = exp(-w /2);. 

B §1· OllHCaHU. B!IqHCRHT8RbH!I8 3KCil8PHM8HT!I 1 pe3ynbTaTU KO!OP!IX 

Jl8MOHCTPHPYIOT ycTofiqHBOCTb KaK ·3apHlK8HHIIX, TaK H HeHTpa~bH!IX 

cqiepHqecKH~CHMMeTpHqnux rry nbCOHOB. TaKHM o6pa30M, yKa3aH rrpHMeP 
' . ' - '' 

caMOilOJlJl8PlKHBaIOIUerocH H8H3nyqaIOIUero TP~XMepHoro crycTKa 

He3apHlK8HHOro CKanHpHor_o rronH C 6ecKOHeqHUM BpeMeHeM lKH3HH '. B §1 

rrpeJl~Ol!CeHa MOJlHqJHKaUHH MO.llE!RH . . ( 41) , '. B KOTOpol!: llROTHOCTb 
) . -. -.· 

raMHRbTOHHaHa HBRH8TCH rronolKHTenbHO orrpeJteneHHOH H coxpaHHIOTCH . 

\ 
'• 

22 

CORHTOHHUe H rrynbCOHHUe peweHHH BHJla (42) c lrpl<l. 

Kea3HKnaccHqecKoe 

6uno eurronneno B 

KBaHTOBaHHe 0-MepHUX HeHTpanbH!IX nynbCOHOB 

§2 Ha OCHOBe aHanora ·rrp~BHna KBaHTOBaHHH 

Eopa-3oMMep¢enbJta JlRH 

T -nepHOJl nynbCOHa) 

't2 

. Jd-r Jd
0

£; 

't 1 

a:e 
au-ru-r 

OCUHRRHPYIOIUHX rroneeux CHCTeM· (-r2--r1 =T' 

·-
2nN. (45) 

JlnH _HaXOlKJleHHH ToqeK IlOBOPOTa Yo(N), COOTBeTCTBYIOIUHX ypoBHIO C 

HOMepoM N, rronyqeno ycnoeH~ 

Yo 

N 2G2nD/2-1I (yo), I (yo) Jc2cu
0

cy0 > Uo(y)] )1/2dy. (46) _ 

0 

3HaqeHHH HHTerpana I (y
0
), rJte O<y

0
:sl, a U

0 
(y) orrpeJteneHo 

qiopMynoH (44) rrpH -r=O,' HaHJteHO ·qHcneHHO JlRH 3HaqeHHH · y~=k/100, 

k=l, 2, ••• , 100. no 3aBHCHMOCTH I (yo) IlOCTpoeHa HHBapHaHTHaH 
( 

OTHOCHTenbHO eu6opa napaMeTpOB MOJtenH KPHBaH uo (I) , onpeJteRHIOIUaH 

EG-21£0/2KaK ¢YHKUHIO OT NG-2nl-D/2/2 (3JleCb _ E- .3Hep r HH rrynbCOHa, 

a N paccMaTPH~aeTCH KaK, HerrpepUBHaH rrepeMeHHaH). 06HapylKeHO, qTo 

d
2
U/dI

2
<0 IlPH ecex y e(O~l) (T.e. YPOBHH 3HeprnH c~ymaIOTC~ C 

0 - 0 

po~TOM N) ; rr_pH ., Manux - I, HeCMOTPH Ha HeaHanHTHqHoCTb uo (y) 

(d Tj/dy
2

=co rrpH y=O) crrpaBeJtnHBO COOTHOWeHHe.: Uo:sconst·I. 

HaKOHeu, ~ §2 -B!IITOnHeHO n.llBOHHoe" KBaHTOBaHHe 3apHl!CeHHUX 

D-MepHUX rrynbCOHOB I HBRHIOIUeecH pe3ynbTaTOM ·OJlHOBPeMeHHOro 

eurronHeHHH ycnOBHH KBaHTOBaHHH no Eopy-3oMMep¢enbJlY JlRH rrynbCOHOB 

KOMrrneKcHoro cKanHpHoro rronH 

-r2 

_ J d-r J d 0
t; ( a:e•u't + :! .u;) 

't h't 't 
- 1 

2nN (:17) 

H ycnoBHH_ KBaHTOBaHHH- 3apHJ1a, Q=l. )lnH; HaXOlKJleHHH TO~eK IlOBOPOTa. 

B penbeqie ( 44) , yr (N) H __ yf, ( N) , _U
7

• (yr) =U
7 

(ye) , . HCITORb30Banocb 

COOTHOWeHHe 
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y '. 

. 'W.= _-(~~)~
1

1
( [2U,(Y)'"Y

2
(1-111 y

2
)] _{2{ [U,(yr)--U,(y) J}-:

1
/
2
dy ·: 

(48) 

(npe,nnoJiaraeTCH, qTQ • ( 2rrD/2G2) -1) • TTpH Yr➔Ys (w), B,blqHCJIHH 

HHTerpaJI (48) aHaJIHTHqecKH, HaXOJlHM N➔N (w)=w(w2-li2)-v2/2. 
: s -· ' . ', 

B _ o6meM, CJiyqae 3a,naqa KBaHTOBaHHH pernaJiaCb qHcJieHHO (CM. §1), B 

pe3yJibTaTe noJiyqeH JlHCKpeTHb18 cneKTP Mace nyJihCOHOB e,llHHHqHoro 

3~PH,Jla., 

11'3yqeiiHe :JlHHaMHKH B3aHMo,neACTBHH COJIHTOHOB B paMKaX yimBHeHHH, 

KfJIH npe,ncTaBJiieT oco61,1A HHTepec H3-3a HaJIH~HH ~ 3TO8 MO,lleJIH~ He 

HBJIHl()Ille8cH BilOJIHe HHTerpH'pyeM08, TQqHl,IX HeH3Jiyqal()IJlHX ny JlbCOHHblX 

perneHHA •. B §3 H3JIOll!:eHi pe3yJibTaT~·CHCTeMaTHqecKHX pacqeTOB napHblX 

C'TOJJKHOBeHHA· CO~HTOHOB y'paBHeHHR (41) - c D~l IlPH 3a,llaHHH HaqaJibHblX 

JlaHHblX B BHJle JlBHllrYillHXC$1 HaBcTpeqy ,npyr ,npyry COJIHTOHOB 

'cp(x;t) 
t ➔ O 

2 . 

Eexp('-w
2
/2)- exp[-;

2
(x-x -v tt/2] x 

. p , . p Op ·p 
p=l , .. , ' . 

,: ' _. 

X exp{-IW '( [t-V (X-X ) ]+18 } , 
, p.p p . Op 'P· 

:-',,.. ' ' .. 
(49) 

'1 =(1-,?)-:1/2 
P. . . ,p ·. , 

. 2 ' 
v 1_=-v2 =v>O, x 02=.-x01 =3. 5,P>l, wP>O. 5. 

rrepa·aH cepHH 3KcnepHMeHTOB a1,1noJIHeHa ,nJIH coJIHTOHOB c ·w =w =w 
· · , . . . 1 2 

e =e . noKa3aHO ,· qTQ IlPH w>i. 3 H v>O. 2 : IlOCJie CTaJlHH, nepeKpUTHH 
1_ ~ . .. • ; ' . . 

BHOBb BO3HHKal()T pa36eral()IJlHeCH qacTHU8Il0JlO6in,ie o6pa30BaHlrn; HMeiomHe 

¢opMy H CKopocTH··, · 6JIH3KHe · K Ha·qaJibHblM. TTpH·- Manux cxopocTHX 

(Ha~pirnep, .·v=o:oe;; w=2j o6pasyeTCH .llC>JirOll!:HBylllee OCUHJIJIHPYl()IJlee 

CBH3aHHOe COCTOHHHe, H3 KOTOporo IlpH t-:';;_, <pOpMHpyeTCH: HeH3Jiyqal(}IJlH8 

nyJihCOH BHJla (42). B §3 o6HapyxeHO TaKll!:e cymecTBOBaHHe o6JiacTe8 

nap_aMeTpOB (w, v) , , B KOTOPblX KaK _ CJie.nc,:aHe . HeorpaHHqeHHC>CTH CHH_3 y 

IlJIOTHOCTH, raMHJibTOHHaHa HCCJie,nye~oA MOJleJIH IlPOHCXOJlHT o6pa30BaHHe 

CHHryJIHPHOCTH IlOJIH, BO3HHKal()meA HJIH cpa3y nocJie nep e KPblTHH 

COJIHTOHOB, HJIH B , pe3yJibTaTe 3BOJil()UHH '.¢OPMHPYl()IJlerocH Ha 

IlPOMexyToqHo·a CTl:lJlHH':· KOPOT~Oll!:HBYillero CBH3aHHOro· COCTOHHHH·. B §3 

OTMeqaeTCH, qTo cymecTBOBaHHe yKii3aHHblX qeTblpex ·xapa1nepHblX 

'· .. 
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o6JiacTe8 Ha6Jil()JlaeTCH H B 3KCnepHMeHTax, npoBeJleHHblX B paMKax 

ypaBHeHHH (42) c 0=2. 

nanee B §3 noKa3aHO, qTo KapTHHa B3aHMOJle8CTBHH COJIHTOHOB 

OJlHHaKOBl:lX aMilJIHTYJl MeHHeTCH, ecJIH /J.8781-82* 0 (TaK, npH Ae=rr 

coJIHTOHbl c Jil()6UM~ JlonycTHMblMH w H •v ynpyro oTTaJIKHBaJOTCH). IlPH 

CTOJIKHOBeHHHX COJIHTOHOB C w1=-w2=w (Q1=-Q2). H e1=-e2=e. 

pacnpe,neJieHHe IlJIOTHOCTH 3HeprHH OCTa,eTCH CHMMeTpHqHUM, a IlJIOTHOCTH 

3apH,na - aHTHCHMMeTpHqHl,IM npH Bcex t; o6pa30BaHHH CBH3aHHoro' 

COCTOHHHH C ueHTPOM B Toqxe XO He 3a¢HKCHPOBaHO 

v=O.O2<<1. 
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