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HHme M~ 06CYAHM HeKOTOp~e, C Hawe~ T04KH 3peHH~, HeTpH
BHaJlbHble CBO~CTBa C011HTOHOnOA06HbiX peweHH~, 0co6bl~ ynop 
6yAeT CAeJlaH Ha HX AHHaMH4eCKHe xapaKTepHCTHKH . M~ YBHAHM, 
4TO Aame a paMKax ADCTaT04HO npocT~X He11HHe~H~X MDAe11e~ 
KJlaCCH4eCKO~ TeOpHH n011~ TaKHe peWeHH~ MO r y T 0611aAaTb He 
TOJlbKO HeTpHBHaJlbHbiMH, HO H nopa3HTe11bHbiMH, Ha nepBbl~ B3r11~A, 

CBO~CTBaMH, BeCbMa HanOMHHa~~HMH CBO~CTBa CJlOmH~X peaJlbH~X 
06"beKTOB. 

1. Cor11acHo TeopeMe AeppHKa,s paMKax pe11~THBHCTCKH HHsa
pHaHTH~X MOAeJle~ TeOpHH n011~ /HCK11~4a~ MOAe11H C rpaAHeHTHbiM 
B3aHMOAe~CTBHeM/ nosepXHOCTb nOCTO~HHO~ 3HeprHH B ~YHK4HO
Ha11bHOM npocTpaHCTBe He MomeT 6~Tb AD11HHO~. B 11Y4WeM c11y-
4ae 3TO CeA110BHHa, TO eCTb nosepXHOCTb, He 0611aAa~~a~ 
a6C011~THbiM MHHHMYMOM. A6C011~THO YCT0~4HB~X peweHH~ B TaKHX 
MOAe11~X He cy~eCTB¥eT. 0AHa H3 B03MOmHOCTe~ n011y4eHH~ TeM 
He MeHee ycT0~4HBwk C011HTOHOnOA06H~X peweHH~ /CnP/ - Bse
AeHHe HeKOTOpO~ H30TOnH4eCKO~ rpynn~ CHMMeTPHH JlarpaHmHaHa 
H CB~3aHH~X C He~ 3aKOHOB COXpaHeHH~. 

M~ o6CYAHM cso~cTsa MOAe11e~ c HaH6o11ee npocTO~ U(l) rpyn
no~, BeAy~e~ K aaKoHy coxpaHeHH~ ''Haoaap~Aa'': 

Q~L f ( ¢ *¢ -¢*¢ )d0 x, dQ = 0, 
2 t t d t 

rAe ¢ - no11esaR ~YHK4HR, D- paaMepHOCT b npocTpaHcTBa. Co
xpaHeHHe ''Haoaap~Aa'' Q 03Ha4aeT Ha11H4He orpaHH4eHHR Ha soa
MDmH~e BHA~ B03My~eHH~, a HMeHHO 8 Q [ ¢ J z 0, 4TO npH BOAHT 
K yCJlOBH~ YCT0~4HBOCTH Cnp l l / /TO eCTb peWeHHR, 0611aAa~~e
ro 11 XOPOWHMH 11 CBO~CTBaMH B HyJle H Ha 6eCKOHe4HOCTH/: 

~~< 0. 
Q dw /1/ 

04eBHAHO, 4TO Ae~CTBHTeJlbH~e CTa4HOHapHble n011eBble KOH~Hrypa-
4HH He . MoryT YADBJleTBOPRTb 3TOMY YC110BH~ H 6YAYT HeyCT0~4H
B~. Bee 3TH B~BOA~ 6~11H nOATBepmAeH~ paHee a 4HC11eHH~x 3Kcne
PHMeHTax pa311H4H~X rpynn. 

B aaK11~4eHHe 3Toro KpaTKoro BBeAeHHR nDA4epKHeM samHOCTb 
HCCJleAOBaHHR HeOAHOMepH~X /npOCTpaHCTBeHHO/ CnP, nOCKOJlbKy 
AD CHX nop H3BeCTHa 11HWb napa 3B011~4HOHH~X ABYMepH~X, BnOJl
He HHTerpHpyeM~X MOAeJle~ /ypaBHeHHe KaAOM4eBa-neTBHaWBH11H 
H 4H11HHAPH4ecKoe ypasHeHHe KopTesera-Ae BpHaa/, a paMKax 
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KOTOp~X TaK Ha3~Bae~e COn~TOHH~e peweH~~ o6na~a~T B O~HOM 
~3 HanpaeneH~H Hey~06H~M~ CBOHCTBaM~ Ha 6eCKOHe4HOCT~ /cna-
6oe cTeneHHoe y6~eaH~e/. oonee Toro, pacna~ Ha4anbHOro co
CTO~H~~ yme He npe~cTaBn~eTC~ CTOnb y~~B~TenbH~M, KaK B o~
HOMepHOM cny4ae. no3TOMY npe~cTaen~eT oco6~H ~HTepec ~3y-
4eH~e C nOMO~b~ 3BM ~~HaM~4eCK~X CBOHCTB ~ByMepH~X, a 3aTeM 
~ TpexMepH~x, xopowo noKan~30BaHH~x peweH~H ~~ pa3n~4H~x 
MO~eneH Teop~~ non~. Hccne~oeaH~e Ka4eCTBeHH~X CBOHCTB 3T~X 
peweH~H c noMO~b~ 3BM MomeT no~cKa3aTb nyT~ K ~x ~anbHeHwe
MY ~3y4eH~~ aHan~T~4eCK~M~ /B03MOmHo np~6n~meHH~M~/ MeTo
~aM~. 

2. PaccMOTP~M ~Be Mo~en~ Knacc~4ecKOH Teop~~ non~ c no
TeH4~anoM e3a~Mo~eHCTB~~ B narpaHm~aHe*: 

~ 

U :: ln (1 + 1 .;, 12) y, 2 

U = ln(! 1/112)1/12 

nerKO B~AeTb, 4TO 3T~ MOAen~ np~H4~n~anbHO pa3n~4Hbl 

121 

/3/ 

B cneAY~~eM CMbiCne: nepea~ B npeAene if!-> 0 C T04HOCTb~ AO 
0(!1/11 2 ) nepeXOA~T B 06~4HY~ CB060AHY~ TeOp~~. nOCKOnbKy 
!f!2ln(1+1!f!! 2 )::Y, 2 , BTOpa~ MOAenb COAepm~T B ce6e KOHCT~Ty
eHT~ C 6ecKOHe4HOH MaCCOH, TaK KaK ln(!l/!! 2 ) ... -oo np~ !f! ... O. 
3TO 03Ha4aeT, 4TO B paMKaX nepBOH MOAen~ B03MOmeH np~ onpe
AeneHH~X ycnos~~x pacnaA Hen~HeHHoro peweH~~ Ha KOHCT~TyeHT~ 

C ~3ny4eH~eM n~HeHH~X nnOCK~X BOnH. Bo BTOpOM cny4ae TaKOH 
pacnaA HeB03MomeH /3anpe~eH 3aKOHOM coxpaHeH~~/, ~see B03-
MOmH~e KOH~~rypa4~~ noneH COCTO~T TOnbKO ~3 Hen~HeHH~X pe
WeH~H; MOAen~-t BTOporo T~-tna ~HOrAa Ha3b1Ba~T 11 KOH~aHH~Hr11 MO
Aen~MI-1. B pe3ynbTaTe B paMKax nepBOH MOAen~ cnP MoryT pac
na~aTbC~, B TO BpeM~ KaK B paMKaX BTOPOH HeyCTOH41-1BOCTb CnP 
npo~sn~eTc~ B B~Ae ~-tx Konnanca. BTopa~ MOAenb ~-tHTepecHa e~e 

1-1 TeM, 4TO B HeH CnP MOryT 6biT b HaHAeH~ B ~ BHOM B~Ae An~ 
noooH pa3MepHOCTI-1 D. oonee TOro, 1-13 Q -TeopeM~ cneAyeT, 4TO 
He3aB~CI-1MO OT D YCTOH4~Bble U(l) CI-1MMeTp~4H~e cnP B~-tAa 

1/1=1/l(r)e-iwt 

-112 
cy~eCTBY~T np~ w > w cr = 2 B 3TOM CMblcne MOAenb 1~(1¢! 2) 
pa3MepHO 1-'tHBap~aHTHa ~ Ka4eCTBeHHO OTn~4aeTC~ OT MOAen~ 
rAe wcr cy~eCTBeHHO 3aB~C~T OT D. rpa~~K~ 3aB~C~MOCTI-1 

OT w np~ D= 2 1-1 D=3 npeACTaeneH~ Ha p~cyHKe. 

* B cny4ae Ha~6onee npocToA <Pci Teop~~-t non~ np~ D > 1 

/2/, 
Q 

YCTOH41-1B~X CnP He cy~eCTByeT Aame B C~CTeMax C ~3orpynnOH. 

2 

Q 

Wlr M 

rpa~~K~ 3aB~C~MOCT~ 

Q(w)np~ D=2 ~0=3. 

w 
noKameM, 4TO xapaKTep B3a~MO~eHCTB~~ COn~TOHOB B CTOnK

HOBeH~~X onpe~en~eTC~ ~~cnepc~OHHOH 3aB~C~MOCTb~ Q(w), 
a He T~nOM MO~en~ /He3aB~C~MO OT xapaKTepa HeyCTOH4~BOCT~ -
pacna~ ~n~ Konnanc/. 

3To npe~nonomeH~e 6~no npoeepeHo e cep~~ 4~cneHH~x 3Kcne-
p~MeHToe 12 1 *. B pac4eTax eapb~poean~cb ~sa napaMeTpa: 
CKOpOCTb OTHOC~TenbHOrO ~B~meH~~ KBa3~COn~TOHOB V ~ Ben~4~Ha 

~x 3ap~~a Q . B o6o~x cny4a~x B~~eneHbl 4eTblpe B~~a B3a~Mo
~eHCTB~~: 

1/ ynpyroe ~ KBa3~ynpyroe e3a~Mo~eHCTB~e KBa3~con~TOHoe; 
2/ pacna~ /Konnanc/ npoe3a~Mo~eHcTeoeaew~x KBa3~con~To

Hoe; 
3/ pacna~ /Konnanc/ 4epe3 KopoTKOm~ey~ee ce~3aHHOe co

CTO~H~e /pe30HaHc/; 
4/ ~onrom~By~ee CB~3aHHOe COCTO~H~e ABYX KBa3~COn~TOHOB -

6~oH, 

4TO yKa3~BaeT B AeHCTB~TenbHOCT~ Ha MOAenbHO-He3aB~C~MbiH 
xapaKTep B3a~MOAeHCTB~~ COn~TOHOB /BO BC~KOM cny4ae, B paM
KaX paCCMOTpeHH~X MOAeneA/. nocneAH~e ABa T~na B3a~MOAeA
CTB~~ B03MOmHbl n~Wb B o6nacT~ dQ/dw = 0. 3TO AaeT OCHOBa
H~e npeAnonaraTb, 4TO nOA06H~e B~A~ B3a~MOAeHCTB~~ 6YAYT 
np~CYTCTBOBaTb ~ B MOAen~X, narpaHm~aHbl KOTOpbiX AOnycKa~T 
6onee e~coK~e rpynn~ c~MMeTp~~. e cny4ae, ecn~ 3aB~c~MOCTb 
COOTBeTCTBY~~ero 11 i'i303ap~Aa" / 11 ~30Cn~Ha11 ~ T.A./ 6yAeT 
aHanor~4Ha Q(w) Ha p~cyHKe. 

oonee AeTanbHOe ~ccneAOBaH~e np04ecca B3a~MOAeHCTB~~ 
KBa3~COn~TOHOB noKa3~BaeT, 4TO OH 3aB~C~T TaKme OT Ben~4~H~ 

* 113y4eH~e MOAen~ /3/ 6blnO npoBeAeHO COBMeCTHO C 11.11. oo
ron~6CK~M 1-1 r.KyMMepoM. 
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np~~enbHoro napaMeTpa p /~n~, 4TO TO ~e caMoe, yrnoeoro 
MOMeHTa f= pmv I ~ Ha4anbHO.::i pa3HOCT~ <t>a3 118 . 4~cneHHble 
3Kcnep~MeHTbl noKa3an~, 4TO: 

a/ cy~ecTeyeT HeKoTopaR pe3oHaHcHaR o6nacTb no een~4~He 
MOMeHTa f , B KOTOpO.::i HeynpyrOCTb B3a~MOAe.::iCTB~R KBa3~COn~
TOHOB pe3KO B03pacTaeT /CM. Ta~e /g / /; 

6/ 4~CTO aHT~C~MMeTp~4HaR Ha4anbHaR noneBaR KOH$~rypa~~R 
118= TT ± 2TTn np~BOA~T K ynpyrOMy pacTanK~BaH~IO KBa3~COn~

TOHOB. 

3. KaK Mbl y~e OTMe4an~ BbiWe, CTa~~OHapHble KOH$~rypa~~~ 

Ae.::iCTB~TenbHbiX none.::\ He MOryT 6b1Tb YCTO.::i4~Bbl, TO eCTb Ae.::i
CTB~TenbHbiX KBa3~COn~TOHOB He cy~eCTByeT. oonee TOrO, He 
eo ecex c~cTeMax c BHyTpeHHe.::i ~3oc~MMeTp~e.::l ~ He ecerAa 
cy~ecTBYJOT ycTo.:14~Bble KBa3~con~TOHbl. TaK~e peweH~R MoryT 
B03H~KaTb B C~CTeMaX, B KOTOpbiX noeepXHOCTb nOCTORHHOH 
3Hepr~~ B <!>YHK~~OHanbHOM npOCTpaHCTBe MO~eT ~MeTb ycnOBHble 
/~n~ noKanbHble/ M~H~MYMbl. EcTeCTBeHHO B03H~KaeT eonpoc: cy
~ecTeyJOT n~ B nOA06HbiX C~CTeMaX HeCTa~~OHapHble YCTO.::i4~Bble 

KOH$~rypa~~~ Ae.::iCTB~TenbHbiX none.::\7 np~ 3TOM HecTa~~OHap
HOCTb ~rpaeT ponb cTa6~n~3~pyJO~ero <t>aKTOpa, aHanor~4Horo 

3ae~c~MOCT~ exp ( -iw t) e cny4ae U(l) rpynnbl *. 
3To npeAnonomeH~e 6blno npoeepeHo e cep~~ 4~cneHHbiX 3K

cnep~MeHTOB B paMKax MOAen~ /2/, npoeeAeHHbiX B Ay6He r.KyM
MepOM ~ aeTopaM~. Pe3ynbTaTbl, nony4eHHble e 3T~X 3Kcnep~MeH
Tax, BblrnRAen~, Ha nepebiA B3rnRA, napaAOKcanbHO. noMe~aR 

HeyCTOA4~Bble COn~TOHOnOA06Hble 06beKTbl AOCTaT04HO 6n~3KO 
APYr y APYrY - TaK, 4T06bl K~HeMaT~4eCKOe BpeMR ~X B3a~MOAe.::i
CTB~R 6blno MeHbwe epeMeH~ pacnaAa Ka~Aoro ~3 H~x, Mbl Ha6nJO
Aan~ np~ AOCTaT04HO ManbiX CKOpOCTRX BCTpe4HOrO AB~~eH~R 
KBa3~con~TOHOB B03H~KHOBeH~e ~X CBR3aHHOro COCTORH~R - ABY
MepHoro 6~oHa. AMnn~TYAa e ~eHTpe 6~oHa perynRpHo oc~~nn~
poeana, n~Wb eecbMa He3Ha4~TenbHO yMeHbwaRcb e Te4eH~e C4e
Ta /HecKonbKO nep~OAOB Kone6aH~A/. AanbHe.::iwee ~3Y4eH~e noKa-
3ano, 4TO aHanor~4Hble 06beKTbl MOryT B03H~KaTb ~ ~3 AOCTaT04-
HO TR~enoro OAHOCOn~TOHHOrO Ha4anbHOrO COCTORH~R. noeeAeH~e 

BO BpeMeH~ ~ B~A 06Hapy~eHHbiX 6~0HOB Ka4eCTBeHHO COBnaAaiOT 
c nynbCOHaM~, OTKPbiTbiM~ paHee e pa6oTax ~.n.ooronJ06cKoro 
~ OAHOro ~3 aeTopoe 141 . TeM caMbiM noKa3aHo, 4TO cy~ecTeoea
H~e nynbCOHOB He RBnReTCR np~B~ner~e.::\ C~CTeM C BblpO~AeHHbiM 
BaKyyMOM T~na ypaeHeH~A nonR X~rrca ~ C~Hyc-ropAOHa, rAe 
noneeaR <!>YHK~~R OC~~nn~pyeT Me~AY ABYMR CMe~HbiM~ BaKyyMaM~. 

3aMeT~M, 4TO aHanor~4Hble nynbCOHbl AOn~Hbl ecTecTBeHHO B03H~-

*BcnOMH~M TaK~e 3aAa4y n.n.Kan~~bl 0 MaRTH~Ke C Ka4a~e.::\
CR T04KO.::i nOABeca. 
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KaTb ~ e paMKax c~cTeMbl /3/. Bo3MO~Hoe o6bRCHeH~e ycTo.::i-
4~eocT~ o6Hapy~eHHbiX nynbCOHOB c noMO~bJO HeKOToporo aA~a6a
T~4ecKoro ~Heap~aHTa MO~Ho Ha.::iT~ e pa6oTax 151. 

6 3aKnJ04eH~e OTMeT~M, 4TO YCTOA4~Bble CBR3aHHble COCTORH~R 
~3 HeyCT0.::\4~BbiX KOHCT~TyeHTOB y~e AaBHO ~3BeCTHbl B RAepHO.::i 
<!>~3~Ke IAe.::iTpoH/. TaK ~e KaK ~ e HaweM cny4ae, 3TO cocToR
H~e Mano noxo~e Ha CBR3aHHOe COCTORH~e ABYX KnaCC~4eCK~X 
o6beKTOB T~na nyHa-3eMnR, ABO.::iHble 3Be3Abl ~ T.A. np~ <!>oPM~
poeaH~~ CBR3aHHOrO COCTORH~R BXOAR~~e B COCTaB C~CTeMbl KOH
CT~TyeHTbl TepRIOT CBOIO ~HA~B~AyanbHOCTb $aKT~4eCK~ nonHOCTbiO. 
6 3TO.::i CBR3~ yMeCTHO BCnOMH~Tb W~pOKO pacnpOCTpaHeHHyiO B Ce
peA~He Hawero eeKa noroeopKy " ... np~poAa cno~Ha ~ Hen~He.::i
Hble ypaeHeH~R cno~Hbl, n03TOMy cneAyeT MOAen~poeaTb np~POAY 
C nOMO~biO Hen~He.::iHbiX ypaBHeH~A", KOTOpyiO MO~HO Ha.::iT~ B KH~
re Y~nepa 16 1 . Ae.::icTB~TenbHO, KaK Mbl B~Aen~ Bblwe, A~HaM~Ka 
Aa~e AOCTaT04HO npOCTbiX Hen~He.::iHbiX C~CTeM BeCbMa 6oraTa, 
pa3H006pa3Ha, a ~HOrAa ~ HeO~~AaHHa. 
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