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Crnrn:OBPJI IDffiAl\:U1KA B TBEPJlbIX IDl3KOKOHUEHTPvIPOBAHHbIX IlAPAJl,tlArHETM­
KAX: rrperrp~HT MT~ 49-96/
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Ha OCHOl~e pa3BHTOro paHee aBTopaMH MeTOlla KJIacTepHoro pa3JIOJKeHHll KOppeJHIIl:HOH­

HUX <pyHK1un1i paCCtIHTaHbI CIITHaJIbI CB060llHOH RH.uYXD.HH (eCl{) IlJI.lI .!lBYXCDRHOBbIX KJIa­
"" ... .... .CTepOB, MaCCbI H .!lJI.lI BceR CDHHOBOH CHCTeMhl B ueJlOM npH pea.JIbHOM UHnOJIh-IlHnOJIhHOM 

B3aHMO.!leHCTBRR. BHy'1'pHKJIaCTepHble B3aHMOlleHC'1'BH.lI, nOpOJKllaIOmHe .!lHcKpeTHbIH cneKTp, 

ytI'1'eHbI TOtIHO, a BHeKJIaC'1'epHbIe ~ Ha OCHOBe TeopHH <pa30BOH peJIaKCaUHH AHuepCOHa­

BeHcca-Ky60 (ABK). PaCC~TaHbI COOTBeTcTByIOillHe <pyHKD..HH <pOPMhI JIHHHH pe30HaHca. 

no BhI.!leJIeHHjI KJIaC'1'epOB aHaJIM3 '1'Hrra ABK B rrpeneJIe MellJIeHHhlX <pJIyKTyalllu'i JIOKaJlhHbIX 

IIOJIeH YUOBJIe'1'BOpM'1'eJIbHO cOrJTacyeTc.lI C TO"fHbIMH pe3yJIbTa'1'aMH, KOTOp.bl.e 1l0JIytIaIOTCjI B 

MO.!leJIR UHnOJIbHbIX B3aHMO.!leiicTBHH AH.!lepCOHa, HO 3'1'0'1' >Ke aHaJIH3 BeileT K cymeCTBeHHO­

My KatIeCTBeHHOMY O'1'JIH~IO ( exp( -Dt) nepeXOIlH'1' B exp( _(Dt)1/2)) npH peaJillCTH"leCKHX 

CKOpOC'1'JlX <PJIYK'1'yan.ri R Dt > 1. 1l0cJIe BbIlleJIeHHJl KJIacTepoB 3'1'0 pa3JIRtIHe crJIa)lOmae'1'­

CJl. CCl{ nOYITH 3KcnOHeHD.Ha.JICH UO Dt '" 10, a He3KCnOHCHD.Ha.JIbHOC'1'h .!lJIHHHOBpeMeHHoii 

aCHMllTOTHKH HacTyrraeT n03JKe. 3'1'0'1' pe3YJIbTaT He llpCTepneBaeT cymecTBeHHbIX R3MeHe­

HHH rrpH yCJIOJKHeHHH aHaJIH3a c nOB.hIIIIeHHeM MaKCHMa.JIhHOrO paHra KJIaCTepOB no '1'pex 1'1 

BhIIIIe. 

P~c. - 4, crr~COK ~T. - 18 Ha~M. 

(Q) HHCT~TYT TeOpeTEQeCKoft S aRcnepMMeRTa~bHo~ ~~3MKB, 1996 
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1. BBeneHHe. 

TeopHR MarHHTHOH cneKTpOCKonHH MHoroCIIHHOBlJX CHCTeM MCIIOJIb3yeT OTHOCHTCJIh­

HO He6oJIbmOe qHCJIO <PYH.ll:aMeHTaJIhHbIX KoppemrrUIOHHblx <PYHKUHB H HX CUeKTpaJIhHhIX 

IIJIOTHOCTeB, IIOJIHOCThIO OUHc~IBaIOulHx JlHHaMHKY TaKHX CHCTeM. Ha 3ape CTallOBJIeHHii 

TeopHH MarHHTHoro pC30HaHca Bce o6cy.>KJleHHe B rrpHHURnc CBOll.HJIOCL K InYl:IeHHIO epOPMhl 

JIHHHH H cUliH-peIIIeTol.IHoB pCJIaKCaUHH, HClJepUhlBaIODTHM 06pa30M OUHChlBaeMhlX JlBYMR­

TpeM1l TaKHMH epYHKUIHIMH. 

B nacTorulee BpeMii cHTyaUlHI CYIUeCTBeHHO H3MeHHJIaCh [1-4]. B qaCTHOCTH, IIp.ll­

MOMy H3MepeHHIO TeUepb JlOCTyUIILl HeKOTopble CBoHcTBa MHorOCIIHHOBhIX KOppeJIj{UHOH­

HhlX epyHKUHH, oupenCJI.lfTOmHX, narrpHMCp, MHoroCIIHHoBble KOrCpCHTHOCTH [2J H CKOpOCTJI 

<pJIHn-<pJIOrr rrepeXOJlOB [4] B RnepHhIX CIUmOBblX CHCTeMax. C npyroH CTOpOHhl, 3KcrrepHMeH­

TaJIbHble [5,6J H TeOpeTHl:IeCKHe [7,8] HCCJIenOBaHHii ClleKTpaJIbHOrO H upOCTpaHCTBeHHoro 

IIepeHoca B MarHHTopa36aBJIeHHblX 3I1P-cHcTeMax CTRMyJIHpOBaJIH pa3pa6oTKy HOBOro Me­

TOna KJIaCTepHblX pa3JI02KCHHH [3], KOTOphiH HCnOJIh3yeT MHorocrrHHOBhle KOppeJI.lIUHOHHble 

<PYHKUHH <pH3HqeCKH Bhl,UeJleHHhIX rpyrrii CIIHHOB - KJIaCTepOB H B rrpHHUHIIe Il03BOJI5{eT 

nOCTpowrI. a,UeKBaTllylO TeopHIO TaKHX rrpoueCCOB. 

TOl:IHLTH paCl:IeT KOppeJI.lIUHOHHhIX <pyHKUHH KJIaCTCpOB rrpH pcarrhHOM B3aHMonCHCTBHH 

rrOKa HCB03MO.lKeH. IIo3ToMY R HaCTORllJ,CH pa6oTe, HMeJl B BHny rrp06JIeMhl CIIHHOBOH nHHa­

MHKH MaI'HHTOpa36aBJIeHHhlX CHCTeM, M"bT 06paTHJIHCI. BHal.laJIe K TOqHO pCIIIaeMoH MOJleJIH 

AHJlepCOHa [9], KOTOpajJ no HacToRIUero BpeMeHH CJIy.lKl1T OCHOBHhIM HCTOlJHHKOM HaJle)KHm'{ 

HB¢opMaUHHnJIjJ MarHHTOpa36aBJleHrrLIX CHCTeM (CM., HaupHMCp, [10,l1J H UHTHpoBaHHyro 

TaM JIHTepaTYPY). MOJleJIb AHnepCOHa lIe Yl.lHThlBaeT BJIH.lIHH.ll BpeMeHHhlX ¢JIyKTyaUl'fil: 

JIOKaJII.HhlX nOJIeR Ha IIpOUeCChl B CHCTCMe. TI03TOMY MI.l ,UaJIee BBeJIH H paCCMOTpeJJH rrpo­

CTeHlIIYIO MOJleJIh, KOTOpaJl npHHHMacT 3TO jJBJIeHHC BO BHHMaHHe B nyxe TeopHH AHJlCpCOHa 

- Beicca - Ky60 (ABK) [12,13J H omrpaeTC.lI Ha KJIaCrepHI.lil: aHaJIH3 [3]. Ha 3TOM ny­

TH 6hIJJH IIOJIyqeHhl .l1BHble HHTerpaJIhHhIC rrpeJlCTa.BJIeHH.lI JlJI.lI q,YHKUl1H cuana CBo6oJlHOH 

HHnyKuHH (CCl1), llpH'IeM 06Hapy:lKHJIOCI. paCXO.>K,lJ,eHHe Me>K,lJ,Y rrpeJlCKa3aHKjJMH MOJIeJIH 

AHJlepCOHa H nOBoH 60JIee peaJIHCTl1l.leCKOH. MO,lleJIhIO. 3aMeTHM, OJJ:HaKO, 'ITO pe3YJlhTaTbl 

.... lI.BYX IIOnXOJlOB corJIaCYIOTC5l B rrpeJleJIe MeJlJIeHHhIX <pJIyKTyaUHH H nJI.\[ IlOJIHOrO CHfRa.rra 

cBo6onHOR HHJlyKUHH. 

B OCHOBe Harnero aHaJIH3a JIC.>KaT CJlCJlYIOuure coo6pa)KeUH.l1. KJIaCTepHoe pa3JIO)J{eHHe 

(OqeHh KpaTKO, nOJlpo6HOCTII CM. B [3]) BhIrJI.lIJlHT CJIenyIOIUHM o6pa30M. KJIaCTep paRra I 
- rpylHTa 113 1CIIHHOB, B CHJIy "IHCTO reOMeTpHlJCCKHX npH'IHR B3aHMOne:HC'1'l~YIOIUHXJlpyr C 

JlpyroM CHJIhHee, qeM C JIJ06hIM CIIHHOM, He BXOJl.l1lliHM B rpynny. llJI.lI O,llH03HalJHOCTH pa3­

6HeHH.lI BBOJlKTC.a opTOrOHaJIbHhle K.'laCTepT,I - Ka2KJlhIH Cnl1H co.ueP)KHTC.lI HC 60.nee, qeM B 

0JJ.HOM TaKOM KJraCTepe. Pa3JI02KeHHe no 0pToroHaJlLHhlM KJIaCTepaM OCYllleCTBJIKeTCR c.ne­

nYIOUJ;HM 06pa30M: H3 ¢H3Hl:IeCKHX coo6pa>KeHHH <pHKCHPveTcsr k 
CTepOB, paCCMaTnR>l»PUY yv - -­

3 

ra.MH.iIhTOHHaHa H HMeeT BH,U 

- 1" A· ··T' 'r' ·(3SZSZ - SiSj).H d = - L-J fJ 0, OJ • J 
2,<j 

pa3JIaraeTCii Ha CyMMY
G(t) a THBHo-onHOl:IaCTHlJHa H II03TOMY 

no cBoeMy CMhICJIY .. '" JlJlH G(t) = Ek_ G/(t) liO onepaTopy S+. 
BKJIa.u.OB 0'1' KJIaCTepOB paRI a I • 1_1 • HI' 0PTOroE:aJIhHhIX KJIaCTepOB [3],

k MaJII.HhlH BhI6paHBhlH pa 
3necb H naJIee MaKCH KJIaCTepHoe pa3JIo)J{eHHe a.u,UHTliBHO­

a JIaTHHCKHe HHneKChl o603Ha-qaIOT Y3JIhl pemeTKH. 

onHOlJaCTHl:IHOrO onepaTopa A HMeeT BHJl 

A == L n,n, =t :E. Z/(r.l''''' Til) L n(i.p 
), 

(2) 

i 1",,1 '1 <...<'1 p==l 

E:aJIhHOrO KJIaCTepa, pa3MemeHHoro B Y3JIaX ii" ... , iii 
rne ZI - 'lHCJIO 3anOJIE:eE:HlI °PTOro hI Hero 'lHCJIy 3arrOJIHeHHjJ. B 
(3], UpH'leM I = 1 H Zl (T) conocTaBJIilIOTClI cmmy H3 Macc 

MoneJIH AH.llepCOHa 

nost(t) ~ noexp (iHdt) sci exp (-iHdt) = nost ],!exp (~iAo;S;n;t) , 

II03TOMY (3)
S+(t)S-) = ~nos(s +1) II (1 + nj (Bj(t) - 1)), 

no ( 0 0 3 jlO 

s 3 sin atAOj (5 + i)) 
~ ._I_~t.1~'IT~= /~ \" 
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"Maccoa". B Ka'IeCTBe q>H3H'1eCKoro KpHTepI1J[ BhI60pa k B [3] npeJJ;JIO>KeHa KBa3HOJJ;HOp0JJ;­

BOCTb MaCChI, IIOHHMaeMaJI: KaK B03MO>KHOCTb OIIHCbIBaTb ee TepMOJJ;RHaMRKy B IIpH6JIB>Ke­

HRK CUJIOIllHOH cpeJJ;hI (IICC). llo BhIlleJIeHHR KJIaCTepOB JJ;IillOJIbHaR TeIIJIOeMKOCTb B IICC 

6eCKOHe'I:J:Ha, a nOCJIe KJIaCTepHoro pa36li1eHH.R JJ;HnOJIbHaJI TerrJIOeMKOCTh MaCChI CTaHOBHT­

C.R KOHe'1HOa B onpeJJ;eJli[eTCX B3aHMOJJ;eHCTBH.RMB Ha CpeJJ;HHX paCCTO.RHHXX. Co:aepweHHO 

aHaJIOrlil1:J:HO BeJJ;eT ce6j[ .H aTopOH MOMeHT JIHHHH IIOrJIOIUeHHj[. II03TOMY MO>KHO npe.uno­

JIO>KBTb, 'l:J:TO BpeM.R yCTaHOBJIeRHS paBHOBeCHJJ: B Macce nopx,Il,Ka XapaKTepHoro BpeMeHH 

q,JIIill-q,JIona K 'ITO OHO COOTHOCHTC.R co BpeMeHeM <pa30BOH pe.rIaKCa.IJ;.HH np.H6Jl.H3HTeJlbHO 

TaK >Ke, KaK B peryJI.RpHhIX CHCTeMax. JIoKaJIbHbIe rrom[, C03,UaBaeMbIe oKpy>KeHHeM Ha CIIH­

Hax MaCChI 111 Ha KJIaCTepax 3HatUlTeJlbHO 6JIH>Ke K HOpMa.JIbHOMy CJIy'1a:HHOMy rrpoueccy, 'l:J:eM 

IIOJI.R Ha cmlHax JJ;O BhIJJ;eJIeHHj[ KJIacTepOB. YqeT >Ke BHyTpHKJIaCTepHhIX B3aHMOJJ;e:HCTBlilH 

MO:lKHO IIpOBeCTIiI TO'I:J:HO. 

LIa.rree MhI yne.mIeM :ma'iHTeJIbHoe BHHMamle nOrrepe'I:J:HOH KoppeJUHUIOHHOH q>yHKUIiIH 

G(t) - <PYHIGUm: cna,lI,a CB060JJ;HOH lilH.lJ.YKIQJIiI, KJIaCClilqeCKOH B TeopHH MaI'HIiITHOro pe­

3OHaRCa. Ee CneKTpaJIbHaJI: ITJIOTHOCTh JJ;aeT q,YHKUIDO q,0PMhI JIHHIm: nOrJIOmeHHX, a KJIa­

cTepHoe pa3Jlo)J(eRHe 3TOH nJIOTHOCTlil BbIpa>KaeT q>yHK1Um q,OPMhI JIHHHH norJIOmeH.H.sI 0'1' ­

HOCH'1'eJIbHO He3aBBCHMO 3BOJIlOIQJOHHPYIOIUKX 'l:J:aCTeH CHCTeMbI. 

MbI OrpaHBqBJIHCb BhICOKOTeMnepaTypHbIM rrplil6JIl;OKeHIJ:eM ITOCKOJIbKY cneUHq>HKa He­

ynopj[,lI,O'I:J:eHHhIX CHCTeM BeCbMa nOJIHO npOXBJI.ReTC.R y>Ke B 3TOM npe,UeJIe. P.R,lI, Bbl'IHCJleHHH 

B MOJJ;eJIH AHnepCOHa npOBe,lI,eH nJI.R npOIiI3BOJIbHOro cmma. 3'1'0 npe,D,CTaBJISeT HHTepec nJIX 

B03MO>KHOrO conOCTaBJIeHHj[ C pe3YJIbTaTaMH 'IHCJ1eHHoro MOJJ;eJIHpOBaHHj[, KOTOpoe B CHJIy 

OrpaII:H'l:J:eHHOCTH COBpeMeHHbIX Bbl'l:J:HCJIBTeJIbHbIX B03MO>KHOCTeH, KaK npaBIiIJIO, npOH3BO­

,n:HTCR nJIj[ KJIaCCH'l:J:eCKHX cnHHOB [14,15]. 

2. KOH<pHryparUIOHHoe ycpe.ll.HeHHe KOppeJI.HI:J:HOHHhIX <PYHKUHH. 

BclO,Uy HH>Ke ,n:JIS onpe,n:eJIeHHOCTH MbI C'IJiITaeM, '1'1'0 H3yqaeMaa: CIIBHoBaa: CHCTeMa co­

CTOBT B3 IIpHMeCHbIX CIIHHOB, xaoTKtIeCKH pacnpeJJ;eJIeHHbIX B npaBHJIbHOH KY6lif'IeCKOH pe­

meTKe. 

B npeJJ;C'1'aBJIeHIDI tUlCeJI 3aIIOJIHeHHj[ [16) H B BhICOKOTeMnepaTypHoM npH6JIH>KeHHH no­

nepe'I:J:HaJI KOPPe.TI.HI:J:HOHHaJI <PYHKUHX HMeeT BH,D, 

(1) 

me ( .• ')0 = Sp(•• •)jSp1, S± == SX ± iSY = LjnjSf, nj - 'l:J:HCJIO 3aIIOJIHeHKj[ Y3Jla j 
(nj = 0 HJIH 1), (.. ')c - CHMBOJI KOHq>HrypaUIiIoHHoro ycpe,lI,HeHHj[, 

S+(t) =exp{iHdt}S+ exp{ -iHdt }, 

H d - raMHJIbTOHHaH CllHH-CIIHHOBOro B3alilMoneHcTBHx. B MO,UeJIH AH,D,epCOHa 

Hd ==	 ~ EAjninjSfSj,
2 ;<i 

-Ii 2 1 - 3 <:0.
2 

"ijA	 nHnOJIbHOe B3aHMOneHCTBHe. bOJIee 06ruee B3aHMo.n.eHCTBHe,rne	 ij =; T~ ..] 
KOTopoe peaJIliI3yeTcx B THIIR"tJHbIX ye.rrOBH.llX, OIIHCbIBaeTCSI ceKyJIRpHOH 'l:J:aCTbJO nHIIOJIbHOrO 

\ '\-'~"""IJl.H.J.lntJ)lJji-l))) = 
. } 

= <Z,(O, T2 , . .. , fi)>c IT Br.,.. . exp {-C f d"'rq _ B)} (5) 
m=2 }ilrLV, q, i, 

q~ O...r/ 

rJJ;e ltD"'rl - 3anpemeHHbIH 06'TeM' Z­
6	 .0 KJIaCTepa - 06 

bITb .upyrID< CTIHHOB KpoMe Tex 113 K I JlaCTb, BHyTpH J(OTOPOH He .uOJDKHo 

YCJIOBHe ero cymeCl'BOBaHH.R. ' OTOPbIX COCTOHT KJIaCTep, 'IT06bI He HapymaJIOCb 

Y"tJ.HTbIBaJl 'ITO Z - 0 Z-...J. ­
6 " - , a I r 0 TOJIl,KO eCJIH Z 

OJIee BbICOKOro paHra, HMeeM peKKVpeHTH I BXOnHT B COCTaB HeKOTOporo Kv'laCTepa 
-J oe COOTHomeHHe 

Z('" ... ) - Ie-I
I rl, ... ,rl =ZI(r'I,· .. ,fi)- L ~ Z... __ ... 

m==lkl<...<k;:;.dV. 1+m(rt , ••• ,r/,rk1 ,· •. ,rk",). (6) 
, ]'1' "J. ...r/ 

OTcIO.ua GJIenylOT COOTBeTCTBYIOID;He q,opM JIbI ( 

,n:eJIy CIIJIOlIlHOH Cpe,UbI. EGJIK ABa a r Me Y ,lI,JI1l •••) c H epOPMaJI.bIIbI.H nepexoJJ; K IIpe-

OHO palmo HyJIIO. p Y HTa y QKCJIa 3aIIOJIHeHHlI KJIaCTepa COBnanaJOT 

If> (	 , 
opMyJIa 6) II03BOJIj[eT BhI'IKCJUl:Tb (Z) 

,- I I " nOCJIe.uoBaTeJIbHO 0'1' MaK 
mUl 

I = I{; JJ;O = 1, nOCKOJI.bKY <Z/ (r;, ... ,r;)) = jle- invr1 ... r/ II CKMaJIbHOro 3Ha'Ie­

llOJIh3Y.llCb COOTHOmeHH.RMH (6) (5) (4) " pH f <. 1 [31·
mV1nl"	 ' , , MO:lKHO BbIqHCJIHTb
't'J~ruuo 0'1' KJIaCTepOB mo60ro paRra GI(t). BKJIa.u B KOppeJHl.IUlOHHYlO 

3. KJIacTepnoe Pa3JlO:lKeHMP thVUVTTTr~ ..... _ 
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T.o., IIOBenemJe CCH KaqeCTBCHHO OnHHaKOBO i-I.JHl. JlIo6oro 3HaqeHMJI CllHHa. IIplol S = 
C- DLt1/2 (7) COBna,uaeT C K3BeCTHhIM BhIpa)KemleM [1]; npH 5 -t 00, G~cI(t) = , rn;e 

Lh = nJs(s + 1) - KJIaCCl'IqeCKHH MOMCHT HMnyJIbCa qaCTHUhI. CooTBeTcTByIDmaJl (7) 
<pYHKnHSf q>OPMhl JIHHHB norJIOmeHlU{ - JlOpeHUl1aH C IIOJIylUl1pl1HOH D F s • 

3aMeTHM, 'ITO KJIaCC.Hy.eCKl1H npelleJI (8) MO)KHO IIOJIyqKTh K Henocpen;CTBeUHhlM l1HTe­

rpHpOBaHHeM C IIOCJIe.uyJOUUfM ycpe,llHeHReM ypaBHeHlHl ,llBR)KeInHr KJIaccrrllecKoro CfTHHa B 

Mo,ueJUI AHnepcoHa 

.+ 3,",'A F +I1-m = 2" LJ 1 mj -' j I1-m 
J 

n;JI.II KOMTIOHeHThI 11-;;' == J.t~ + il1-'/n MarHHTHoro MOMCHTa B m-OM Y3JIe pemeTKH C yqCTOM 

nOCTOXHCTBa BO BpCMeHH I1-j = iLj. YcpenHeHHe no KOH<pHrypaURXM BhInOJIRXCTCX TaK)KC 

KaK H B KBaHTOBOM CJlY'lae, TePMo,uHHaMH'lecKoe ycpe,uHCHHe CBOllHTOl. K yCPCllHCHHlO I j 

no HarrpaBJIeHHXM. 

PaCCMOTpHM TcnepI, cHTyanRIO, Korna MaKCHMaJThIIhI'K panr KJIaCTCpa k = 2 (BhInCJIHM 

naphI H, '1'.0., yqTCM cymCCTBylOmylO B CHCTeMC Heo,uHoponHocTI,). llCrrOJII,3yg (6), (5), (4) 
rrOJIyqHM, 'ITO 

G~(t) = e JdrBr(t) exp {-eVor - e 1 dq(1 - Bq(t))} = 
q!tVOr 

= e-F.DtC JdiBr(t) exp {-c ( dijBq(t)} . (9) 
JqEVo r 

B pa60Te [3] nOKa3aHo, 'ITO 3anpcmeHHhIH 06'bCM nByxcIIHHoBoro KJIaCTepa MO)!(HO npc,n­

CTaBHTb B ¢opMe VOr = ~;k-r3, me XOr == 1 - 3 cos 
2 iJon X == f~ dE, I 1 - 3e 1= 3~' a 

K, == G~(O) = 0.58 ± 0.01 - ,UOJISf CfTHHOB B rrapax. 

TO'lHoe BhIqHCJICHHC acHMnTOTHKH ~(t) 3aTpy,nHeHO CJIO)KHOH KOHq)HrypaT~HeH 06'LeMa 

VOr ' O,uHaKO ,nJIll nOJIyqeHHX nOJIyKOJIHqeCTBeHHoro PC3YJIhTaTa BO BTOpOM H3 HHTerpaJIOB 
3 3(9) 3aMeHKM r -t r I XOr I, q3 -t q3 I XOq I, nOCJIe qero npHMeM, 'ITO 06'hCM, IIOJIytIHB­

illHiklI H3 3anpem:eHHoro nOCJIe 3TRX npe06pa30BaH:l'fH:, HMeeT <}>OpMy mapa. 3aMCTHM, tITO 

CpaBHHTeJIbHO He60JIbmOe pacCTOllHHC Me:lKny CIIHHaMH naphl, 06pa3yromeH 3anpCmeHHhIH 

06bCM, no OTHOllIeHHIO K xapaKTepHoMy pa3MCPy 3TOro 06beMa, nCJTaeT HecYTTlecTBcHHhlM 

Bonpoc 0 rrOJIO:lKeHHH ero nCHTpa, KOTOPblH MhI IIOMCCTHM B HyJIC. IIocJIe 3JICMCHTapHoro IDI­

Tel'pl1pOBaHHJi no yrJI0BblM nepeMeHHhlM .K 3aMeH panHaJIbHhIX rrepcMcHHhIX, yrrpomaroIIlHx 

apryMeHThl l<OCHHycoB, nOJly'iHM lIJIg CIIHHa s = 1/2 

00 
2 Dt 2Dt 1 dx { 2Dt roo dy }G2 (t)=e- -- -cosxexp ~--J -cosy. (10) 

7r 0 x 2 7r ,."" y2 . 

TIo.uqepKHeM, qTO B (10) cos y H cos X npm1CXOWlT Hcnocpc.uCTBeHHO H3 Hr(t) H Bq(t). Ac­
CJ1MIITOTHKa (10) npH Dt -t 00 onpeaeJIXCTCX TO'lKmi UepeBaJIa K,Xo = ~ H HMCCT BHlI 
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rne h =: 5~ <: 1. npyroi cnoc06 paClIeTa, y'tlIfThIBaIOT.IJ;HH yrJIOBhle 3aBBCKMOCTIf B (9) 
If rrpHHHMaIOnuW 3a map caM 3arrpem:eHHhli: 06'beM VOT , naeT eme MeHhlllee 3HaqeRHe h. 

DtIIOCKOJIhKY G(t) = Gi(t) +GHt) = e- , Ha 60JIhllIHX BpeMeHax epyBKUIfIf Gi(t) H ~(t) B 

MOAeJm AHAepCOHa y6h1BaroT C OAHHaKOBO:H CKOpOCThIO "II npoTlIBOnOJlO)KHhI no 3HaKY. 

HaiiAeM epyphe-npe06pa.30BaHHe OT G~(t) - epyHK.LlH1O epOPMhT JIBHlim nap 

IIo,UCTaBJI.lUI CIO,Ua (9) II BhlqH.CJUU[ H.HTerpa.rr no dt c y'tleToM Toro, 'tITO BT(t) = b(r/t1/3), 
nOJlyqaeM 

(11) 

"'or + f dq'( 1 - b(q)) ~ V~ + [f dq'(1 _ b(q) )] 2, 
}qtYor 

KOTOpaJ[ TO-qaa nJU[ MaJIhIX H 60JlhmHX r (iii BHOCHT, KaK nOKa3aHO RH}Ke, He6oJIhmyIO 

nOrpemROCTh npH t1/ D ~ 1), rrOJIy'tlHM .llJIjJ. CJTy'tlaJ[ S = 1/2 

(12) 

rAe 11"1 == -!;;, = 1.1. To Ee Bhlpa)KeHBe nOJIY'!aeTCjJ. npH aRaJIOrH'lHOH annpOKCHMaD:HH H 

Herrocpen;CTBeHHO H3 (10). B KJlaccH'tIeCKOM npeneJle BMeCTO (12) HMeeM 

exp ( 2'11"1 ) }t12 •2cl t1 _ 1 . 1 _ ex _ 211"1 _ 27l"1 Jl+~2/(DL)2 
( )92 ( ) - 211"7f~DL { P")1 + t12/(DL)2 (DL)2 (1 + t12 /(DL)2)3/2 . 

(13) 
MbT rrpOBeJm npjJ.MoH qHCJleHHhlH ana.rrH3 npenCTaBJIeHHjJ. (11) ,UJIjJ. H30TpOllHoro B3aKM~ 

.ueHCTBHg (AOr He 3aBHCHT OT yrJla 'l?Or) npH S = 1/2. Pe3YJlbTaT KaqeCTBeHHO COBIIaJI C 

(12), a KOJIH'leCTBeHHoe paCX01KJIeHHe He npeBhICH.JIO 10% H 6hIJIO cocpep;OTOqeHO B o6JIa­

CTH t1 ~ D. AHa.nonr<rHhle BeJIH'll1Hhl .D;J1g MaCChI ~(t), gi(t1) rrOJIyqalOTC1I., OqeBH,llHO, 

Bhl'lHTaHHeM (12), (13) H3 epypbe-npe06pa3oBaHHjJ. (7). 
IIoBeL(eHHe <pyHKIJ;HH <pOPMhI Jll!lHHH nap, MaCChI H CHCTeMhl B n;eJlOM ,l:(JIjI C.JIyqaeB S = 1/2 

H S = 00 npe.qcTaBJIeHO na PRC. 1, 2. 
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JIHHHR nOrJIOru:eHHjJ (12) OTJIliPiHa 0'1' nYJUI B ueHTpe li HMCCT TaM nHipOIwe nJIaTO (co 
CJIa60 Bhrpa)KeHHhIM MHHHMyMOM) rrpH ~ = O. B KJIaCCIFleCKOM rrpc.neJIe iPYHKUHSl ¢OPMhI 

JIRHRR (13) RMeeT TOJIhKO o.nRH MaKcHMyM B ueHTpe. C q,J13H"lleCKOH TO"llKH 3peHHjJ 31'0 

pa3JIH"llHe B 3Ha"tlHTeJIbHOH CTeneHH onpe,neJIjJeTCK TeM, KaKyIO qJOPMY MMeeT orJi6aIOIIJ;aJI 

JIIilHHH, COOTBCTCTByIOInHX naHHoMy COCTOSIHHIO 6JIH>KaHmero cmma -- nml CUHHa 5 ~ 1 
JIHHHSI UOrJIOmeHIIJl HMeeT TOJIhKO O,nHH MaKCHMyM B ueHTpe. Ih (12), (13) CJlenyeT, LITO 

uapbl HCqeprrhlBaIOT KphIJIO JIKHHH (cp. [3]). 

4. ~'qeT BpeMeHHbIx q,JIYKTyamdi: B rrpH6JUDI<eHHl1 HOpMaJIhHOrO CJIyLIaHHoro npouecca. 

ECJIH B MOneJIH AH.nepcoHa arrnpOKCliIMHpOBaTb CHTHaJI cBo6o.unoH HH.nyKUHH (3) raye­

COBOH <pyHKUHeH C TOqHhIM BTOPhIM MOMeHToM I10JI01KHB 

(14) 

3 I 

M 2j == -s(.~ + 1) LA~jnm,
4 m. 

TO nOCJIe BhlITOJIUeIUUl KOHqmrypau.HoHHoro ycpCJJ:HeHHlI nOJIyLIaeTC.ll, '-lTO 

G(t) = IT'[1 + f(e-ls(s+l)A~/ - 1)] = e-..j!DtF., f~l. (15) 
i 

B CJIyqae s = 1/2 3TH epOPMYJIhI 6hIJU1 I10JIyqeHhI paHee B pa60Tax [7,8J. IIOKaJaTCJIh 

3KcnOHeHTbI B HloIX JJ;JIjJ CCH BeCLMa 6JU130K K npaBHJIhHOMy (7) H MeIILilie ero B 0.8. 3Ta 

TOT:J:HOCTh ynRBHTeJIhHO BUCOKa ,UJIjJ CTOJlh rpy60H annpOKCHMaUHH. 

KaK H3BeCTHO, raYCCOB BpeMeLUiOJ1 cnaJl COOTBeTcTByeT HOpMaJIJ,lIOMY pacrrpe.ueJleHHIO 

CTaTHqeCKHX JIOKaJIhHhIX nOJIeH. ECJIH >Ke, B nyxe TeopHH An,UepcoHa - Beiicca - Ky60, 

arrnpOKCHMHpOBaTh BpeMeHHhIe qlJIYKTyaUHJif JIOKaJIhHbIX rrOJleH HOPMaJIbHbIM cny-qaHHhlM 

rrpoueCCOM, I1JIII, qTO TO >Ke caMOC, yqeCTb TOJIhKO llepBhIH T:J:JIeR KyMyJIllHTHOro pa3JIO>KeHlU. 

CCR, TO llOJIyqaeTCR, LITO 

(st(t)S;)o = ~s(s + l)e-~j(t), (16) 

r.ne <t>j(t) = M 2jlj(t), Ij(t) == I~ dr(t - r)Kj(r). <l>HrYPRpylOll.{aJl: 3.aeCh KOppCJIHIJ;IilOHHasr 

<pyHKUHH K j (t) JIOKaJILllOrO nOJIX Wl.;( t) onpc.neJleHa COOTHOIlIeHHeM 

(17) 

ct>OpMyJIhI (16), (17) OTJIHqaIOTCR 01' cTaH.n.apTHOH BepCHl1 TeopHH ABK TeM, ',ITO M2i H 

Kj(t) 3aBHC$lT 01' pea..;lH3an;HH CJIyT:J:aHHOl'O pacnpe.n.e;IeHHjJ npH:Meceii. B pemeTKe. 

ECJIH npene6peQb BTOPOR, 60JIee CJIa60ii. '13 nHX 3aBHCHMOCTeH, rrOJIO>KHB Ij(t) - l(t) == (Ij(t)), 
TO COOTHOIlleHHe (16) MO.:lKHO yCpe.nHHTh no KOHq,HrypaUH1IM H rrOJIyT:J:RTh, '-lTO [3J 

G(t) = cxp {-2DF./l(t)/7r}. (18) 
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llpH t :> Te == J;' dTK(T) OTCIO..ua CJIe..uyeT, 'ITO 

lnG(t > Tc ) = -2DFs !tTC /1r 

B COrJlacHH C BhlBO.n:aMH pa60ThI [17], llOJIYlJeHHbIMH H3 .n:pyrHX coo6pa)KeilliiL 

rHllOTe3a ABK crrpaBe.n:JIHBa, eCJIH JIOKa.JlhHoe llOJIe CKJIa,llbIBaeTCM H3 HeMaJIOI'O 'IHCJIa 

npH6JllI3HTCJIhRO O)UffiaxOBO pacnpe.n:e.neHHhIX CJIaraeMhIX. HCllOJTh3yeMLI:H Ra.Ml! cuoc06 

Bhl.n:e.nemU[ KJIacTepOB IIpHBO)lHT K TOMy, 'ITO Ha.H60JIee cHHryJUpRaJI: 'IaCTh B3aHMo.n:eii­

CTBD BKJlIOqaeTC$l BO BRYTpHlCJlaCTepHbIe B3aHMOn;eiicTBH}[ H Y'lHTbIBaeTCB TOqnO. ITo­
3TOMy nOCJIe OTn;eJIelnU KJIaCTepOB JIOI<aJIhHbIe IIOJIX, C03.n:a.BaeMhle Ha CIIHHax MaCChI H Ha 

KJIaCrepax OKpy)KaIOUUlMK CIIHH~CTaHOB.Sl:TC}[ ropa.3,110 6JnnKe K HOpMaJIhHOMY npoIIeccy, 

H B pe3YJIbTare CHHTe3a TeopHH ABK H I<JIaCTepHoro pa3JIOlKeHHJl n;OJIlKHbI IIOJIyqHThCJl 

pe3yJIhTaThI, ropaJ.n:o 60JIee TO'lHbIe, qeM (15). HHlKC Mhi cq,OPMYJIHpyeM 3TH pe3YJIhTa­

'I'M H IIpOBepIiIM HX nyTeM CpaBHeRI'[J[ B npe.n:e.rre TeD -+ 00 C TOqnO pemaeMOH Mo.n:eJIhIO 

AHn;epCOHa. 

BhI,UeJlllM H3 CHCTeMhI naphI H paccMOTpHM 2-KJIaCTep, COCTaBJIeHHbIB H3 CUlIHOB 50 R 

51. raMRJIbTOIDIaH 3TOH uaphI 

Hp = AOl(S~St- ~S; 51 - ~So Si) + Wlo(t)(5~ + S;). 

3.n:eCh, KaI< R paHee, MhI IIpeHe6peraeM 3aBHCKMOCTbIO BHemBero noJUl OT KoopwmaThl 

cmma B KJlacTepe, yqHThIBaJ[, 'ITO Ka.lKJU>Iii KJIaCTep OI<py)J(eH 3anpemeHHhlM 06beMOM. 

llpR s 1/2 ypaBHeIIH}[ .n:BHlKeHH.a llJl.a CilllHOB rraphI JIerKO HHTerpHPYIOTC.a H B pe­

3YJIhTaTe 

(St.(t)S-) = ~ COS(~AOlt)e-M201(t), (19) 

a ,UJI.a CllHHa MacChl OCTaeTC.a cnpaBe.n:JIHBO:H qlOPMYJIa (16). 

B 3TOM paJ.ll:e.ne MI:J: npeHe6peraeM <pJIYKTyan~HIMH KOppemlTopa K;(t). BOJIee 06mHH 

CJIyqai paccMoTpeH B CJIe.uYIOUleM pa3,lleJIe. 

IIop;cTaBHM (14), (15) B (4) H BhIllOJIHHM KOH<pHrypaUHoHHoe ycpelIHeHHe TaK)Ke KaJ( B (5) 
C Y'IeTOM TOI'O, 'ITO 'UlCJIO 3anOJIHeHHir Y3JIa j CllHHOM H3 2-KJIaC'I'epa eCT.b nj =: Lq Z2(rj, q), 
a T.I.H.CJIO 3anOJIHeHliUJ: 3'1'01'0 )Ke Y3JIa cnRHOM MaCChI nj == nj - nj. B pe3YJI.bTaTe MY 

l}>yHKI(mJ CCH OT nap R OT MaCChI IIOJIyT.IKM BhI:paJKemHJ:: 

(20) 

06Cy.n:HM CBO:HCTBa KOppeJHItnIOHHOH epyRKURH K(t), nOCTpoeRHOH H3 rrp0,UOJIhHhIX KOM­

nOHeHT CIIHHOBhIX onepaTopOB. KOppeJUITOp q(t) == ((5;(t)Sf)o)c!(((Sn2)O)e npH MaJIbIX 

Dt Bep;eT ce6Jl KaK e-t Dt , T.ITO CJIe.llyeT H3 aHaJIK3a rrepBoro qJIeHa KOHueHTpaIIHOHHOro 
1pa3JIO)J(eHI'[J[. <l>yHKUl'UI K(T) y6hlBaeT C XapaKTepHbIM BpeMeHeM Tel r.ue 7 e- - CKOpOCT:b 
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$JIyXTYa.IlHH. B ynopJl,llpqeHHhIX CHCTeMax TeD,..., 4 (CM. [15] H nHTHpoBauuylO Ta.M JUITe­

paTYPY), TalC 'ITO ,ItJIJI <pJIBn-epJIOnOB B Ma.cce II 13 napax B ueHTpaJIbHOH -qacTH JIHIDlH Mbl 

Bupaae OJKH~a.Tb TaKOrO JKe COOTHOIIleHHj[. 

CyMMa L~1 Bini (cyMMHpOBaBHe no CnHHaM) JlBJIJIeTCJI HHTerpaJIOM @1I)KeHHJI, n03TD­

My eCTeCTBeHHO OJKH.u;aTh, '{'!'O )].JlHHBOBpeMeHHasI aCHMnTOTHKa JlBJUleTC.lI llHqxpY3li10BHOi, 

T.e. q(t -+ (0) = (Dt>*' llpe: rrpOMeEYTOqHhIX 3Ha'leHWlX t (13 ,lUIana.30He 1/2 ~ q(t) ~ 0.1) 
nOBelleHHe q(t) nD-BH,l{HMOMy Y.ll:oBJIeTBOpHTeJlbHO rrepellaeTC.ll <pepcTepoBcKoii 3KcnoaeHTOH 

[15]. IIoBeneHHe K(t) XalleCTBeHHO aHaJIorK'nIo q(t). CJIenOBaTeJIbHO, BJIKJIHBe mr<l$Y3HoH­

Hora XBOCTa aa $YHKUHIO l(t) MaJIO, no KpaiHei Mepe B TpeXMepHblX CHCTeM8.X. BJI1UIRHe 

HallaJIbHOra 'lHCTO 3XCnOHeBIO!aJIbHOra YllacTxa TaKJKe HecymeCTBeHHO. IIooToMy ,na.n:ee 13 

QHCJIeHHbIX olleHKax Mhl, KaJ{ npaBHJIO, C'UiTaeM K(T) = e-(T!Tc )1/2. 

B pe3YJIbTaTe OTJ!.HtLHe T - 1 OT HyJIJI npOJlBJllleTCj[ TOJIblCO npH T D ,..., 10 H TeM CaMbIMc 

ne CHJlbHO cxaablDaeTCSI na $<>pMe JIBHHH. 
1

IIpH Tc- = 0, I(t) = t2 /2 K, ~eJIaJ[ epypbC-IIpeo6pa.30BaHBe (20), HHTerpHpyJI IIO dt H 

OCTaBJIJUI rJIaBHble 'lJleHhI no r B 'lUCJIlITeJIe II: 3HaMeHaTeJIe nOJlyqHBmHXCjI nO)lHHTerpam.­

HblX BblPa1KCHHi TaK EC xu npH BLlBO,ne (12), IIOJIyqaeM rrOCJTe neCJlOJKHhIX rrpe06pa.30Ba­

HlIi 

, _ ~. exp ( .j;~~~;Dl) .(Ii.' ~ ~~ Ii.')
g2(Ll) - 1fDl (1 Ll2)2 D~ + 1f} V; 1 + D~ , 

+ Dl (21) 

g2(Ll) _ !. D6 __1_ (OO dy e-11J. n 2 +y(D~ - Ll2) 
1 - 11" D~ + Ll2 11"211"1 10 -IY (D2 + y(Dl + Ll2»2' 

3neCb D6 == f!D - CKOPOCTb y6hIBaHHJI CHt) = exp( -Dlit) 13 paCCMaTpKBaeMOH Mone­

JIH 6e3 Bbl,neJleHHJI KJIaCTepoB [3]. HeTpy.z:tHO YBH,neTb) 'iTO npH Ll -+ 00, g?(Ll) ,..., 13, a 

g~(Ll) = &, T.e. naphI Hc'{epnblBaIOT KpblJIO JIHHHlJ, a aCHMnTOTKKa 9(Ll) COBna,naeT C 

TaKOBOi B MO~eJIB AH,nepcona. 4>yHKUHH (21) npuTH'{ecKH COBna,naIOT C IIOJlY'IeHHblMlJ B 

MO,neJlH AH,nepcoHa H B lleHTpaJIbHOH tIacTB JIHHRH. )lJJsr HJIJIIOCTpauHH BJIH.KHBJI Tc-
1 

-; 0 
Ha. cPYHKIlIDI <PoPMbI mm:a:a BhI'lHCJTHM g(.6.) = g~(.6.) + g~(.6.) - «pyaKIUIIO q>OpMbl JlllHHliI 

1CHCTeMhI B npH6JIBlKeHBH HOpMa.JIbHOro CJIYtIa.HHOra nponecca. IIpH Te- = D/ 4, S = 1/2. 
COOTBeTCTBYIOID;lIe rpa.epHKR IIpHBelleH1>l na PHC. 3. BH,ltHO, qTO HaJliRHe q>.nyKTya.IJ,.H.ii 

HMeeT ReT<OTOpoe BJIliUHHe Ha n.eHTp JIHHHH. KaI< H CJIe~OBaJIO O)f(H,naTb, 60Jlee Me.llJIell­

Hoe y6hIBaHHe C(t) IIpHBOllH'!, K YBeJJHqeHHIO 3HaQe:SU 9(0) no CpaBHeHHlO co CJI)rtla.eM 

OTCyTcTBHj[ <pJlyrnyaUHii. nOBe~eH:He <pyHKIUIR gi(Ll) s6JlH3H HyJl.ll npenCTaBJJSIeT npoMe­
1>KyTOtIHbl:H BapHaHT MelK.ny T;l = 0 14 Tc- = 00. B IIOCJIC.z:tHeM CJIyqa.e g~(O) = 0 [3}. 

IIpe06paayJl nepeMeHH1>Ie HHTerpHpOBaHHJI H 3arrpemeHHbli 06'beM B (20) TalC JKe KaK 

IIpH nOJIyqeHHH <pOpMyJff>T (10), nOJIyqaeM JiBHOe HHTel'paJIbHOe npenCTaBJTeHHe ll;JIJI cPYHK­
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IU'ui CCH: 

G~(t) = ~K,Dfi(ije-*Dy'l[i). Re roo dx exp {~._t_. (iX _ 2K, . Dl roo dy e- y2 )}, 
1r 10 x2 K,y'I 1r t lr y2 

2
G~(t) == e- ,},rDVifi) (1 _2K, Dv7.l roo. dx exp {_x . _ ~DVi roo dy e-y2 }) .
 

. 1r. 10 x2 1f,2 1r 1z y2
 

(22) 
rpatPHKH <PYHKIIHH (22) JI JIX CYMMbI G(t) ,nJIJI epepCTepOBCKOro BHJJ.a K(t) H Tr;D = 4 
rrpHBeAeIihI Ha PRC. 4. TaM}Ke ,nJIJI cpitBHeHIDl: rrpHBe.neHhI rpa<PHKH 3THX <pyHKuHH B 

MO,neJIH AH.nepcoHa. 

MCCJIe.nyeM me ,nJIJIHHOBpeMeHHl>Ie acHMllTOTHKJI." ACCJIMllTOTHKa"Qi(t) MO)KeT 6hITb 

HaHAeHa llo MeTo.ny JIanJIaca rrpeACTaBJIeIDleM Bxo,niuuero B Hee HHTerpaJIa B epopMe 

1 

r.p.e 1/J(x) == I; dye -YJ R JIMeeT BHA 

(23) 

HanOMHHM, ~TO l(t - 00) '" 2tTr; npIl KOHe"IHOM Tc H l(t - 00) '" ~ rrpH T;1 = O. 
ECJIH Tc-

1 = 0, aCllMIITOTHKa ~(t) HaxOAHTC.ll rrpe,nCTaBJIeHIIeM BxoWlmero B :ny <pyHK­
. :Li 

IJ;KlO HHTerpaJIa B B:B:.ne Ref:' d1/J~e- ..- Dtt rAe 1/J(x) onpe,neJI.KeTCJI TaK>Ke KaK rrpH BhlBOAe 

!..loG:(23), a (x) == Io"'dxe',..,: 

K,2 Dt sin ("2~Dt) 
G2 (t_ 00, T-1 = 0) '" e-vrDt 

1<. (24) 
2 r; 1r. InDt 

CpaBHKBaJI (23), (24) C (7) H aCHMllTOTHKOH (10), MO>KHO BRAeTb xopolliee COrJIaCHe Me>K­

AY MO.neJIbIO AH,nepcoHa H rrpH6J1H>KeHHeM HOpMaJIbHOl'O cJIyqailHoro npouecca B npe]leJle 

MeAJIeHHhlX epJlyKTyarurR. Ha npOMe>KyTKe 0 ~ Dt ~ 10 pa.3JIJ!IlIHe Me)KAY pe3YJIbTaTaMH 

3THX AByx MOAeJIeR HaCTOJIbKO MaJIO, 'tITO He BJI,llHO Ha rpaepHKax, O,nHaKO OTHOCHTeJIbHoe 

pa3JIHtme He y6hIBaeT C YBeJIH<JeHHeM t, 'tIT'O rrpHBO,UHT K 3aMeTHoMy pa.3JIHtUIIO COOTBeT­

CTByIOIiUIx<pyHKUri ¢OPMhI JIHHHH B6J1H3H ~ = O. 
OCHOBHoe pa3JIJ!IlIHe Me)l(.uy rrpB6J1H)KeHReMHOpMaJIhHOro CJIyqaHHoro npouecca, T c = 00 r 

1'1 TOlffiOi B 3TOM cJlyqae MOAeJIbIO AH,lJ,epCOHa COCTOHT B pa3JIJ!IlIHH CKOpOCTH· y6hIBaHJf.ll 

CCM nap Ha (1 ~ ~) -~ I~ = "9.4%: <l>yHKUHH G1(t) COBnajlaIOT CpaBHD­

MepHoR TO"IHOCTbIO 5% B nxarra.30He 0 ~ Dr $. 10. <l>ypbe rrpe06pa30BaHHJI g~(~) HMeIOT 

Ha.H60JIblliee pa3JIH'tIHe IIpH ~ = o (OTHOCHTeJIbHOe pa3Jmqj'[e 7%), 3TO pa.3JIH"IHe y6hIBaeT C 

pOCTOM ~ 1'1 CTaHOBHTCJI MeHbllie 1.5% npH ~ ~ D. IIoJIHhIB: ceM COBrraAaeT c aH,lJ,epCeHOB-

CKHM C cme 60JIbmei TO'lHOCTbIO. T.o., OT,lJ,eJIeHHe 2-KJIaCTepOB npHBCJIO K paAHKaJIbHoMy 

1H3MeHeHHIO pe3YJlbTaTa e-#vt, KOTOPhIH CJlenyeT Jil.3 (18) IIpH Tc- = O. BhI'IHCJIeHHH 

G(t) H 9(~)' 
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11m!. Toro, 'iTo6bI HaaTH aCRMIITOTHJ{y G~(t) rrpH KOHeqHbIX re, rrpen:CTaBHM BXO;:UIIJlIl:H B 

Bee HHTerpaJI (nOCJIe 3aMeHhI rrepCMeHHbIX x ~ 1/x, y ~ 1/Y) B BRAe Re I:' dx exp {J2..;.,.c J(x) } 1 

. 1 

ue f(x) == ;- - 41<~r, I; dye-"Y2. npH 3TOM 

G2(t ~ oo).-v 4~/l,3/2Dr3/4tl/4e-o/!Dv'tTc. Re exp (f(xo)j t -) V. -1. (25) 
2 Vi e 2x:2Tc f"(XO) 

3necb Xo - TOllKa rrepeBa.n:a epyHKnHH f(x) - HaH60JIee YAaJIeHHaJI OT HyJUI cTauHoHapHasl 

TO'lKa, yOOBJIeTBOp.lIIOIIl,aJI ypaBHeHIDO ~ + 41<~'T'e-:" O. ACCHMlITOTln:a (25) JIeno 

HaXOnHTC.lI B rrpene.n.e Drc ~ 0, Tor.u;a Xo = !J",ETc ~ H 

-' 
(26) 

T.o.,3aTyXaHHe <PYHJ{UJnI CCM OT nap cym,ecTByeT na.lKe B upe.u;eJIe 6ecJ{oHeQHO 6bICTPhIX 

'l>JIYKTya.D;HH, 3a c'tJeT KOHq>Hrypall,HoHHoro ycpep;RemUI .muIX<eRHH B rrapax. ITo Mepe yaema:­

'IeHHJl Te , TOllKa:co MOHOTOHHO ,UBH)I(eTC.lI KHyJIlO H rrpH DTc = 4 panna Xo = O.845-0.33li. 
B 3TOM CJIy-qae 

G~(t ~ 00) .-v 1.42(Dt)1/4 cos (O.779v'Dt) e-3 .43v'i5i. (27) 

IIpH Aa.rrblIeHrneM YMeHhmeHHH CKOPOCTH epJIyKTyaIUIH TO'tiKa Xo OqeHb Me.u;JIeHHO (xo .-v 

~e-~) CMemaeTCll no HanpaBJIeHHIO K .ueikTBHTeJIbHOii OCH. IIpR 3TOM f(xo) '" 

i~ - a. 1'13 cpaBHemU[ (23), (27) BbITeKaeT aCHMlITOTKKa G(l) '" e-2y1!D../'fTc 

IIpH t ~ 00 (c;: [3]), rrpH't"feM BbIXO.u; Ha Hee rrpOBcxOAHT UpH "* .", 6, AO 3Toro crra.u; 

npOBCXO,lJ,HT rrpH6JIH3HTeJIbHO 3KCUOHCHUHaJlbHO. 

I1TaK, cymeCTByIOID:He B CHcTeMe nBa XapaKTeplIbl.X BpeMeHH orrpe,Ue.n:.RIOT COOTBeT­

CTBeHHO rWpOTI<O- H AJIHHHOBpeMeHHyIO aCHMllTOTRKY tPYHKUlJR CCli. 

5. CncKTp cKopocTeH epJIYKTyall,HH .JIOJ{a.rrbHbl:l( IIOJIeH. 

IIepeBopoTbI crrHHOB, rrpHHallJIC)JGUUBX xpwJly pe30HaHCHOB JIliIHHH (B OCHOBHOM CUH­

HOB nap), 06yCJIOBJIeHl>l rJlaBHhTM 06Pa30M AByMJl rrpon:eCCaMH: ,[lByXCUHHOBLIM B napax, 

HaxOllKmHXCJl Ha OjlHOM YQaCTKe pe30HaHCROH JIHRHH illRplimOH llopiIAKa D, H 'tieThlpexcnH­

HOBhIM, CB.lI3bIBaIOIllHM CIIHHI:>I na KpUJIe JIHHliIH co CrrHHaMH B ueHTpe. BTOpOH rrpouecc 

HMecT 60Jlee BbICOKHH rropa.u;OK, HO OR pe30HaHCen OTHOCHTeJIbHO ,UHnOJlbHOrO raMHJlhTOHH­

aHa H30JIHpOBaHHOH napbl H rr03BOJI.lIeT rrepeAaBaTb :meprHlO Ha 60JIblllHe paCCTOJlHHJl no 

crreKTpy [3]. 5ICHO, 'ITO xapaJ<TepHoe BpCMX Tc(W) <pJlHII-<PJIOIIOB, IlOP0)l(,UaJOillHX tPJIYKTya­

UHH JlOKa.IIbHOro DOJIK OT CURHOB Ha KplJJIe JIHHHH 60JlbIIIe Te(O) B neHTpe JIHHIoIH IoI paCTeT C 

YBeJlH't"feHHeM pe30naHCHOR QaCTOTb1 CDHHOB W OTHOCBTeJILHO I:(eHTpa. JIHHHH. IIpE: W ~ D 
epaKTH'leCKH W - COOCTBeHHaJr qaCTOTa napbI, KOTOpOH rrpHHaAJIe:lKHT paCCMaTpUBaeMb1H 

CIHIH. 

MaTpH'iHhI..B 3JIeMeHT .u;ByxcrrHHoBoro rrponecca IIO IlopKAKy BCJIH'IHHhI eCTb Aox, rAe 0, 
x - npocTpaHCTBeHHhle nOJIO)KeHHK AByX B3aHMHo-pe30HaHcHhIx nap, a qeTbIpeXcnHlIoBoro 
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A2 - 7, r~ q - KOOpwm&T& cmma MacChi HJlH naplil Jil3 ueHTpa. JIHHB:H [3}. MbI pacCMRTpH-

BaeM w :> D T.K. Te(D) ,.". Te. Xa.paKTepRoe B3aJIMoneikTBBe IIap C MaCCOH no BeJIHtDlHe 

6om.me 'leM MeJKnapHOC [31, Tax. 'ITO qeTIJpeXClIBlIOBhIM MeJKIIapHbIM npOn;eCCOM MO)J(HO 

npeHe6pe'lh, nOCKOJILKy OU llpl1HIJ;HIIHaJIbHO He OTJm"IaeTCA' OT npouecca llaphI - Macca. 

0603Ha'llilM ClIMBOJIOM Wrn CKOpoCTL npouecca napa - Maca, WI' - CICOpOCTh npouecca 

napa - napLI. Torna CKOpocTh nepeBOpOTa emlHa. napbI eCTh 

_ _ ~A& A~z 
W - Wm +Wp - Urn E Dw2 Zl(q)Zt(r) +Up E nZ2111(x). (28) 

9~r z 

3neCb Urn II Up - Xooqx}>lIIIlileHTht nOpgnKa enmnUJ;hI, Z2w(X) - 'illCJIO 3allOJlUeWUI Y3JIa X 

napo! c qaCTOTOB: w. MbI llpeBe6peraeM 3,lleCh pa.3MepOM naphI no cpaBHemno C paCCTOJIHlil­

eM OT Ree no npyrHX 06'LeKTOB H IlpBBHMa.eM, 'ITO xapaKTepllail CKOpOCTh epll.3OBOH: pe.na.Kca­

Il;KH COBIIRnaeT c D H OIUlRax.OBa BO Bceii: CHCTeMe (T.O., (28) - c.rreJJ:yromee, IIO CpaBUeUHlO 

C npeJJ:hIJlYII(HM pa.3J(eJ10M, npH6JIHlKeuBe C TO'lKH 3pemu yqeTa paa6poca cKopocreH npo­

qeccoB B CHCTeMe). XapaKTepaoe BpeMJl 4>Jmn-¢JJona Tc(W) = (Jooo dte-Wt ) e' a. KOppeJIJlTOp 
WtJIOKa.m.m.tX nOJIeH OT CID!Ha. 0 3alImneM lCaIC Ko(t) == e- = e-Wl'te-w...t == KOp(t) . Kam(t). 

Pacuemw nJIJI oueHKH (e-Wt)c ~ (KOp)e' (Kam)c' 3nech Mbl6epeM ICompHrYPaIVloBHoe 

cpe,mree npK <pBKCKpOB&HHOH qaCI'OTe. llJUl nepBOii 3ICCUOHeUTbI ReTpynuo nOJiYI.J.HTh, He 

Y"IKThIBaJI. KOppeJImum pa.cnOJI01ICeHHJI nap Me}f(,!:tY co6oi, 

(29) 

rne Ut > 0 - KORCTaHTa. 

Jlmr BLI1DICJIeH.HJl acHMlITOTHKlil (e-Wmt) c 3aMeTHM cnaqa.rra, qTQ H3-3a T01'O, qTO xapaIC-

TepHOe B3aHMOneBCTlme nap C Maccoi no BeJIl!l''IUHe Oom.me 'lIeM Me>fmapsoe [3], a cmmOB 

sa KpLIJIe OTROCHTeJThHO HeMHOI'O, MLl BHeceM. ue6oJn:.myIO norpeImlOCTb, 3aMeHBB B (28) 
Zl(Q) -. nil' YCJlOBBe q =F r .lIBJlJleTC.ll KOPOTKoneHcTByIOmeii KoppeJ1J1IOilei, T8J( qTO npB 
HaxO}f(.n;eHHH nJmHHOBpeMeHHoH acBMIITOTKKB HM MOlKHO npeHe6pe'lh, o,zmaKO 3Ta KOppe­

JlllI(Rll CHJILHlUl (3a.npe-r), nOOTOMY IIpoBelleM 60JIee nOCJJenOBa:reJlbU.b1H a.HaJIR3. 

PacCMOTPHM BeJIlI"IHHY 

(30) 

r)Ie Re e > 0, 1m e > 0, 0 ~ a < 1. HaTerpaJI non 3HaKOM npe.ueJla CXO.lUlTCSI no 

JII060My KORTypY B rrpa80M BepxueM KBa.IIpaHTe KOMDJIeI<CHOH IIJIOCKOCTH. Ilpe.llcTaBHM
%§r .Wm= Urn Eq;lr n'lrLr xu 

Um ( 2)2 Um. 4
Wm = Dw2 ~AOqnq - Dw2 ~ Aoqnq, 

3a.mmIeM exp (-~ (Eq Agq )2) KU rayccoBhIk HRTerpaJI 'ir06hI IIOJty"QBTL J1HReHHLIHnq J 

no lI:HCJIa.M 3a.IIOJIHeHH5I nOKa3aTeJIh 3KcnOHeHTLI, nOBepaeM KOHTyp HHTerpKPoBaHKJI B (30) 
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Ha +~, BhlIIOJlHHM KOH<pHrypaIJ.110HHOe ycpenReBHe H CneJIaeM 3aMeHy IIepeMeHBhlX HHTe· 

rpKpOBaHHiL B pe3YJIhTaTe rrOJIy'lHM B rrpeAeJIe c: --+ 0 

I/4 ·f 4 

rm{o) = - dte(tt)Qt I/6 
00 

dyexp t l/3 _y2 _ CUm dij 1 _ exp _'1 _ iA2y ))]} .,100 . 1 {[i /D ( (iAIf411'" 0 -00 4.;w tl / 3 q 

ACCHMllTOTHKa BRyTpeRBero HlITerpa.rra - e-Utl/3, Re U > 0, Tal{ 'ITO rpaHH'faOe 3Ra­

'feRae cym:eCTBOBaHHH: rm{o) - a = ~; T.o., nJIHHIlOBpeMeHBaJI. aCHMllTOTHKa KoppeJLllIJ;H­

OHROE: <pyHKIIHH JIOKaJIhBhlX llOJleH 3a Cl:JeT lIeThIpexCllHHOBOro B3aRMOAeHCTBHil eCTb 

(31) 

U2 - KOHCTaHTa, Re U2 > O. CpaBHHBaJI c (29), BHAHM, "lTO xapaKTepHoe BpeMil q>JUIII­

q>JIolIa rc{w) '" w2 Ra KpbIJle pe30HaHCHOH JIHHHH. 

KOppeJIBTOp JIOKaJIhHhIX IIoJIeR (wr{t)wr) = Ejq njnq (w{(t)Wr).fne wf ­ nOJIe OT cnHHa 

B Y3Jle j. IIpeAlloJIO}KHM, "tTO TIOJIil OT pa:3l1hlX CIIHBOB He KOppeJIHpylOT. Tor.u.a 

(w/{t)w/) = L: Tlj (w{(t)wf) = L ~A~jnjKj(t). (32) 
j j 16 

<PyHKUHK pacnpeneJIeHHil JIOKaJIhHhTX CT&THqeCKHXIIOJIeB B HameH CHCTeMe 'P(w) == (b(w 2 
- M2 ))c 

HMeeT BRA 

D/7r D 2 

'P(w) = -3-e- ,..,2., (33) 
w 

3aIIHChIBaJI (32) B q>opMe 

(wr(t)w/) = E ~A~jnjwKj(t) J 

jw 16 

rne njw - l:JHCJIO 3aI10JIBeHliJI y3Jla j CIlHHOM co CTaTH'feCKRM; JIOKaJIhllhlM IlOJIeM Ha HeM 

w, IlOJI~HM BMecTO (22), npeHe6peraJI KOpoTKo,UeRcTBYlOIll,HM~npOCTpaaCTBeHHhIMH KOp­

peJLllIl;l!L1lMH njw Me}k.n;y co6oii H 06e3pa3MepHBaj[ lIepeMeHHhIe HliTerpHpOBaHHi[: 

2 -LD((v'iiW) ) 2x:. rn-; fOO dx {( 2 foo dy (( !?!.i. 2) ) )}G2(t) = e ..,fir e "'--;:vDt. Re 1 x 2 exp v75t iK,-lx -;; 1:i J7i e- t Y c '" ' 

G~(t) = e--J;D{{y'Iifi))~ (1 - ~ 10= 
0 

~~ <e-1J2x2 
[(x,t») c exp { -~ 1: ~; ((e-

y2D2 [j) Jw}) . 
(34) 

3neCh fAt) === J~ dr(t - r)Kj(r)1 f(x, t) OnpeneJIBeTCJI: K<LK lj(t) npH yCJIOB:HH, 'ITO j ­
cmlR C JIOKa.JIbHhlM nOJIeM Ba HeM Dx {x - 6e3pa.3MepHaiI 'faCTOTa x = ~Aor/ D B (20)), 
(.. .)c 3neCh 03HaQaeT, 'ITO npOH3BOnRTCJI: KomlmrypaIlHoHHoe ycpe.rr;HeHHe C <pHKCHpOBaHHOH 

BeJIH'flmOH CTaTHtIeCKoro JJOKaJIhHOro IIOJIll w, (X{w))w == J;o dw2'P(w)X(w). 
Hac HHTepeCYIOT rJIaBHhIM 06pa.30M .n;JIRHHOBpeMeHHhIe aCHMllTOTHKH (34) T.K. HaJrnl:JRe 

Me,UJIeHHO $JTyKTyHpylOll(RX 061:>eKTOB, ,UJIJI: y'ieTa KOTOphIX MhI » npennpHHiIJTH HCCJJe,Uo­

BaJilIK 3TOro pa3neJTa, Ha'!HHaeT CKa.3hIBaThCil Ira TIOBen.eHI1M <PYHKIlJofH CCH HMeHHO Ha 

60JIbUIHX BpeMeHax. 
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B BI:JpalKeHHH ,ami G~(t) B (34) OCHOBHOH BKJIa.u B BeJIH'lIHHy ( (e-!:.{ilP)) w LIaIOT Te 

KOHq,Hrypamui Ii 'IaCTOTI:J, UJI.lI KOTOPhIX I j MHHHMaJThHO, T .e. Kor.rJ:a CIIHH, IIOP0)K.aaIOIDHH 

q>YHKUmo I j Haxo.aHTCJl B n;eHTpe JIBHHH. YAeJIbHhIH Bec TaKHX KOH<pHrypaJJ;HH nopsrnKa 

enHHH-UhI, Tal< 'liTO aCHMITTOTHKa ImTerpa.rra B (34) B BbIp3)i{eHHB. nJIll: G~(t) TaKaJl 1Ke KaK H 

B (22). HnTerpa.n B cKo6Kax B BhIpa)KeHIDI (34) AJIB: ~(t) IIpH B03paCTaH:HH t y6hIBaeT, 'liTO 

BH.ano Y1KC H3 TOro, 'ITO yqe'l' MenJIeHUhIX 06beKTOB BeneT K 34>4>eI<THBHOMy yBeJIH'lfeH:HIO 

I(t), a 3To yCKOpgeT y6hIBaBHC paCCMaTpHBaeMoro HHTerparra (eM. (23)). 

nJI.lI oueHKH «JJj (t) ) ,)1M 3a.MeTHM, 'ITO, BROCR KOH<pHrypan;HoHHoe ycpenHeHHe non 

3BaK KOpID[, MhI TOJIbKO YBeJIl!['IHBaCM 3TY epYHIGJ:BIO (acHMIITOTHKa no t, BIIpOqeM, OCfaCTC.lI 

TOR :lI<e, tITO CJlCAyeT, nanpHMcp, B3 paBHOMCpHOB: IIO W OrpaHHtICHHOCTH OTHOCHTCJIhHOH 

JlHcnepcHH Te(W)). T.o., 

HCnOJIb3Yll (29) H (31), HaHneM, 'liTO OCHOBHOH BXJTan B 3CHMITTOTHKy no t ,naeT 06JIacTh 

60JIbillHX W, a 3HaqHT TO CJIaraeMOC B nOKa.3aTeJIe (e-WT)c, KOTOpoe CBSl33HO c: 'lIeTLJpex­

CITHHOBblM npOrreCCOM. B pe3YJIhTaTe npH Dt -+ 00 

((JI;(t)))w - K~lnDt, (35) 

K - KOUCTaHTa, K > 0, npH'IeM BhlXO)l Ha :n-y aCHMuToTHKy ITpOHCXO.aHT IIpH tlTe > 101 

H3-3a Me.anCHHOCTH y6hIBaHH}t q>yHKUHH (Kom(t)k no :noro «jlj(t)),)", "" Dt. 
11'3 H3JIO}KeHHoro SlCHO, 'liTO Ha O'lleHb 60JIhIDHX BpeMeHax nOBenCHHe GHt), ~(t) 6JUl3KO 

K (23), (27), aHa CpenHRX BpeMeHax 06mHH :)KcnoHeHUHa.J1hHblH MHOX01TeJIL <)'l'HX <pyHKUHH 
Dtcuan:aeT npJifMepEO KaK e- , T .e. 6hlcTpee qeM R MOJl,eJIH nOCTOi[HHOR CKOpOCTH q>JIyKTy­

a.JUiH. OTcIOna CJIenyeT, 'liTO Ha Ma.J1hIX H CpenHHX BpeMCHax nOBeUCUHe G(l) HenJIOXO 

OllHChIBaeTCg MOneJIblO AH.aepCOHa H JIHlllb B npeneJle OqeHb 60JIblllJifX BpeMeH CTaHOBHT­

Cil KopBeBOH 3KcnOHeHToH. OTMeTHM 3neCh )KC, 'liTO xaK BHnHO B.3 (34), .ani[ Hamr<JHg 

OCDHJIJIjfIIHH B CHrmWIe nap .uOCTaTO'lIHO rrpHcyTcTBKjI B JIOKaJIhHOM nOJIe nepeMeHHoH co­

CTaBJHlIOllleH co CKOpOCTblO q,JIyKTyaUHH ~ '" D/4, HMCHHO OHa H onpc.ueJIHT xapaXTep 

::>THX OCUHJlJUl(:H:K. 3TO CBK3auo C TeM, 'ITO ORH B03HHKaIOT KaK CJlellCTBHe KOH4>:HrYPanH­

OHHOro ycpenHeHHii ABH)I{eHHB: B npOCTpaHC'l'BeHHO-OrpaHHqeHHblX rrapax, a BHCmHjIjI no 

OTHomeHHlO Knape cpe.ua 06eCrre'IHBaCT MOHOTOHBoe 3aTyxaHHc CCH H nOnaBJIemle BKJla­

,.o;a B Hero BHyTpHnapHhIX .uBH)KCHHH, TeM 60JIbmee, qCM MCBhIIIe B C03.aaBaeMOM CIO nOJIC 

.uOJLi q)JlyKTyHpyIOluero. geM 6hlc'rpee 4>JlyXTyHpyCT cmlR, TCM MCHbme ero BKJIajJ, B CCM. 

KiUK.ilblll: CIIHH B Orpaml'lCHHOM 06beMc Kax 6bI "Pa3Ma.33U" no rrpocTpaHcTBy Ii BXJIa.a 

cro B CCH oupejJ,eJIgeTOI TeMl1 yllaCTKaMH, KOTophIe LIaIOT MHHHMaJIhHh1:K BKJI3n, BKJIa.a 

OCTaJIbHblX y'tfaCTKOB 6hICTpO 3aTyxaeT. 3TO - crrenHq>H'lIeCKHH :>q>4>eKT ueperymlpHoH 

CHCTeMhI. geM ,naJIhillC CllHHbI 01' TO'IKH, r.ae Ha6JIIOnaeTCSJ nOJTe 0'1' ITHX, TeM 6oJIbl11e Be­

pORTHOCTh IIOKBJICHHi[ CPC.uH HliX TaKOl'o, KOTOpbllf uaeT Mc,nJIeHHO 4>JTyKTyHpylOmee nOJIC 

il:3 60JILmeH qaCTH 06JTaCTH CBoeH pa3Ma3KH, 4'1'0 orrpenCJIHT CKOpOCTb 3aTyxaHH1I G(t). 
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3'1'0 H IIpHBO.nHT K Pa3J1HqHlO BJlHRHHR pa36poca CKOpOCTe:H I}>JlYKTyaUHH B CHCTeMe na 31}>­

l}>eKT 3aTyXa.HHR, CBJl3aHHbIH C HaJUlqHeM 6eCKOHeqHhlX paCCTO.HHHH H 3qxpeKT OCUHJIJUlUHH, 

CBJl3aHHbIH C KOHe'IHbIMH paCCTOllHHllMH, 

6. OueHKa BKJIa):(a KJlaCTepOB BbICillIDC paHroB B KOppeJIjIUHOHHbIe -pyHKUlit'"H. 

npOBe):(eHHe BhI"'lHCJIeHHH B 60JIee BbICOKOM nopM):(Ke KJIaCTepHoro pa3JIO)KeHH.H (BhI.ne­

JIeHHe TpoeK) He llpKBOllHT K H3MeHeHHlO pe3yJIhTaTOB, IIO KPaHHeH Mepe npH HamPIHH B 

CHCTeMe <pJIylayaIIHH JIOKa.lhHbIX IIOJleii:. lleHCTBHTeJIhHO, CpaBHHBaR (5) H (20), BH.uHM, 

lITO Bhlpa)J{eHHe n;JU[ -pyHKUHH cna):(a. CB060L{HOH HHll:YKTI:HH OT TpoeK HMeeT BHll 

rJJ.e VOrlr2 - 3anpemeHHbtH 06'beM TPOHKH CIIHHOB. YqHThIBaJI, ~ITO 

2C1 dqe-!6A;I > C 1 dqe-kA~I + C 1 dife-kA~l, 
qE Yor1 '2 qE YOr1 qEVo'2 

nOJIyqaeM TIOCJIe 3aMeHhI IIepeMeHHhIX 

BhIpa)KeHHe B KBa.upaTHLlX cK06Kax eCTh HHTerpaJI B -popMyJIe ):(JIJl G~ B (22) CTOqHOCThIO 

.no qHCJIOBOro KoaqxpHUHeHTa C 3aMeHOH t ----t t/2, Tc ----t Te /2 rrpH t ----t 00. Ho H3 (25), (26), 
(27) H rrOCJleJryIOmHX lPoPMyJI B KOHue pa3l1,e.na 4 .HCHO, lITO aCHMTITOTKKa 3Toro HHTerparra 

e-p-lDj r.ne f3 > 0 CJIa60 3aBHCHT 0'1' Te • T.o" G~(t) - G~(t)e-P(V2-1)Vi5t H B .n:JIHHHOBpeMeH­

HOM rrpen;e.rre BKJla,noM TpOeI< M01kHO npelIe6peqh. HCIIOJIh30BaHHe BbIpa)J{eHHH HacTOSlm;ero 

pa3neJIa .nJI.ll Gt(t) He MeIlileT 3Toro BhTBOna. PaCCY)KJJ.eHHe OKa3hIBaeTCJl HeBepHhlM TOJlbKO 

B CJIyqae IIOJIHOro oTcyTCTBHJI -pJryKTyanHH B CHCTeMe. Tor.n:a OTCyTcTByeT 3aTyXaHHe 3a 

cqeT ycpen;HeHH.H BHyTpHKJIaCrepHbIX .n:BH)Kemm no KOH-PwrypaUH.HM H, KaK BHn;HO H3 CpaB­

HeHH.H (20), (24), rrOp.sIJJ.OK k KJIaCTepHoro pa3JIO)J{eHHJl .uaeT CTeneHh (Dt)k IIepen OCHOBHOH 

3KcrroHeHTOH e-v'IDt 
H Bce IIOp.H.nKH B Ue.rrOM MoryT HpHBeCTH K llepeHopMHpOBKe 1l0Ka­

3aTeJI.H 3TOH 3KCHOHeHThT, qTO eCTeCTBeHHO, eCJIH BCIIOMHHTb, qTO B 3TOM CJIy'lae TOqHa 

MOneJIb AH.uepCOHa C G(t) = e-Dt . 

C .n:pyroH CTOpOHhI, IIpH MarrbIX H cpeJJ.HHX t BKJIaJJ. TpoeK IIOJJ.aBJIeH HX MaJIOH KOHueH­

Tpan;HeH [3], TaK 'ITO HX yqeT B <pyHKUHH <P0PMhI JIHHHH pe30BaHCa MO)J{eT CKa3aThCJI B 

BHJle 'lHCJIOBOH nOlIpaBKH K K03q>-pHUHeHTy B a.cHMIITOTHKe llap Ha JlaJIeKOM KphlJIe, HO TaM 

Boo6me cymecTBeHeB TOJIhKO -PaKT HClIeprraHH.H KpblJIa JIHHHH KJIaCTepaMH, qTO ,UOCTHra­

eTCJl y)J{e IIpH k = 2. lIeJIO B TOM, qTO rrpOCTpaHCTBeHHbIH I<oppeJUlTOp (Zl(r)Zl(O))c, KaK 

BH,llHO H3 (6), pa..'lJJaraeTC.H B PJl.u IIO T B rrpc,UCJIC nee, rrpHqeM yBeJIH'leHHe MaKCHMaJIh­

Horo paHra KJIaCTepOB k rrpHBOUHT K H3MeHeHHIO 'lHCJIOBbIX K03-Pq>HIIHeHTOB 'lJleHOB 3TOro 

p»)la, no Mepe pOCTa k 3TH K03qxpH.UHeHThl Bce MeHhllle MeH.sIIOTCM. II03TOMY xapaKTep 

BhlCOKOqaCTOTHOH a.cHMllTOTHKH MaCChi rrpH yBeJJH'leHHH k OCTaeTCjl rrpe)J{HHM. 
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7. 3aKJTIOtIeH.11e 

B .D;amIOH pa60Te npOBe.D;eH KOJIJPleCTBCHHhIH aHaJIK3 OCHOBHOH np06JICMhI TCOpKK epyHK­

UHH <P0PMhI JlHHHK K CCliI R npocTpaHcTBeHHQ-HcperyJUlpHOH cnHHOBOH CHCTeMC Ha OCHOBe 

T01JHO pcmaeMOH MO.D;eJIH AH.D;CpCOHa l'f npH6JunKeHHK HOpMaJIbHOro CJlY1JaHHoro upouec­

ca .nJlll JIOKaJIbHbIX nOJIeR. B rrpe.ncJIe Me.rr;JIeHHhlX <pJIyKTyaUHl! 06a no.nxo.rr;a npaKTH1JeCKH 

cOBUa.D;aIOT. P83BHTHe MeTo.rr;oB KJIaCTepHhlx pa3JIO)KeHHH n03BOJIHJIO nOKa3an" 'iTO pe­

ryJHlpHaJI npOue.D;ypa BbI.n;eJIeHIHI CHJIbHO B3aHMO.D;eHCTBYIOIIUlX rpynn CITHHOB H3 CHCTeMhI 

I1pHBOUHT K a.D;CKBaTHOMy OIlHCaHHIO .SIBJICHHH, I1pR-qeM .uOCTaTo-qeH y'iKC BTOPOH llOP.ll..lJ,OK 

pa.3JIO)f(eIIHJI, 'I' .K. TpCTJim I1pHBO.D;HT JIHIIIb K He3Ha"IHTeJIbHOH IIOIlpaBKe. 

BpCMCHHbIe <pJIyKTyaIlHH CTIHHOB Ha KpLlJIC JIHIIHH norJIOm:CHHK 06CCne"IilBaIOTC.SI B 

OCHOBHOM "ICTblPCXCIIHHOBbIM npOUCCCOM, B03HHKaIOInHM BO BTOpOM nOpK.rr;KC TCOpHH B03MY­

mCHHH, npIi'ICM COOTBCTCTBylOInaJI epYHKUiUI KOppCJHrIl,HH JIOKaJIbHOrO nOJIJI y6bIBacT 3Ha­

'IHTeJIbHO MC.D;JICHHCe, 'ICM epyHKUHH 06hI'IHO npHMCHKCMhlC .D;JIil OIIBcaHHK TaKHX npOllCCCOB 

B npOCTpaHCTBeHHO pcrymlpHhIx cpe.D;ax [18J. B CHCTeMC cym:eCTBylOT BeCbMa MC.n;JICHHhIC 

$JIYKTyauHB, OHH He UaIOT cyIneCTBcHHoro BKJIaua B UJIHHROBpeMCHHbIe aCHMnTOTHKH H3­

3a CBOOro MaJIOrO CTaTHC'fH'iCCKOrO Bcca, HO npHBo.n:.SIT K CH.JIbHOMY 3aMe.n:JIeHHIO BbIxo.n:a 

Ma acHMllTOTHKY, B pe3YJII~TaTC 'Iero I10JIHasr $YHKmUI CCliI CHCTeMbI Ha 3Ha'tU-ITeJ1bHbrX 

BpcMeHax MO)KeT 6bITb OIIHcaRa. MO.uCJIbIO AH.n:epCOHa. 

Mhl C'iH'raeM .naHHhIH PC3YJIbTaT BeCbMa Ba}KHbIM H HeTpHBHaJIbHbIM• .IlCJIO B TOM, ""ITO 

06h1"IHO B CIIHHOBOH KHHeTHI<e npocTpaHcTBcIIllO pcrymlpIIhIx CHCTeM JlOpeUllCBa JIHIUUI 

B03HHKaeT B rrpcp;e.rre MaJIbIX BpeMeR KOppeJISlUHH, 'I'.e. 6bICTPbIX q,JIyKTyaUHR JIOKaJIbHbIX 

IIOJIeH. 3'1'0 YTBep}Kp;emle crrpaae.rr;JIHBO rrO"ITH rrpH JI1060M THue B.'lMIMO.D;eHCTBHK H JIl060H 

pa3MepHOCTH npoCTpaHCTBa. B MaI'Hl'fTOpa.36aBJICHHhIX CHCTCMax H B MO.ll;eJIH AH.n:epcoHa 

MeXaHH3M rrOJIBJICHHK JIOpeRUCBoH JIJlHHH COBcpmCHHO HHOR. 3.n:ech, Hao60pOT, 6CCKOHe"tfHO 

6oJIbmOC BpCMiI peJIaKCaUHH H JIOpeHU;CBa JIHHHiI rrOXBJIXeTCK TOJIbKO eCJlH B3aHMo.n:e:HCTBHC 

cna.n.aeT C paCCTomHCM KaK l/rd , ruc d - pa3MCpHOCTh npOCTpaHCTBa. liI3BCCTHO, 'iTO 

npH cy}KeHHH ABH.lKCHHeM JIOpellIIeBa JlHH1Ul lie MOAHtPHll,HPYCTCll,eCJIH UBH~eHHe HMCCT 

xapaKTep HCKoppe...l:mpOBaIIHI:JX CTOJIKHOBeIIHH. B UCHCTBRTeJILnOCTH BpCMCIIHhIC q)JIyKTya­

UKH JIOKaJIbHbIX nOJICH rJIa.p;KHC H n03TOMY aueKBaTHOCTh MOP;CJIH AH.n:epcona JJ:JIiJ: HeMaJIbIX 

BpeMen yUHBHTeJIbHa. IIpH T c = 4/D OTJIH'IHe ABK 0'1' MOAeJ1H An.nepcoHa npH paCqeTe 

G(t) ..uOCTHraeT 20% npJ!.! Dt = 3 H 50% HpH Dt = 5. OTcIO..ua CJIC..uyCT Hc06xo.QHMOCT:b 

60Jlce COBeplllCHHblX MOUCJlCa npH aHaJIH3C 60JIce TOHKHX OC06cHHocTeH paccMaTpHBaeMbrx 

CHCTeM. 

BOJICC IIpOCTaJI MO.D;eJIb,qCM HCnOJIh3YCMaiJ: HaMH COCTOHT B npCUIIOJIO}KeHHH, 'ITO IIOJIe
1 

Ha I<a)K.D;OM crrHHC MO)KeT 6hITb alwpOKCHMBpOBaHO HOPMa.JlhHhlM CJryqaHHblM npoueCCOM, 

rrpwqCM 0'1' KOH<pHrypaUHH 3aBHCHT TOJI:bKO BTOPOH MOMeHT [3]. JIJIJI CCliI IIpH 3TOM IIOJIy-

qaeTCiJ:tP G(t) = cxp{ -j!;D.j2I(t)}. B rrpCACJIe MC.D;JlCHIIbIX tPJIyKTyauHH nOT PC3YJIbTaT 

YUOBJIeTBOpHTCJIbHO corJlacyeTclI C MO.QeJIbIO AH.D;CpCOHa, o.n:HaKO B CJIy'4:ae pCaJIHCTH"tfm,TX 

Tc Ha Cpe.D;HHX BpCMCHax PC3YJlbTaT 3TO:H MOIJ;eJIH CHJIbHO paCXOUHTCJI C BbIBouaMB KJIaCTCp­

HOro aHaJIH3a, KOTOphIC ropa31J:O 6JIH}Ke K pC3yJlbTaTy AHAcpCOHa H B 3TOM CJIY"Iac. 

¢yHKUHH $OpMbl JUiHHlt, 1I0JlyqeHHhlC B npH6JIH}KCHHH HOpMaJIbnOrO CJIyqaHHOro npo­

uccca, rrpaKTH""ICCKH COBnauaIO'l' C TaKOBbIMH B Mo.ueJiH AHucpCOHa. 

ITOJIHasI <pynKUHg CCM 3KcrrOHeHlJ;HaJIbHa Ha MaJIbIX H Cpe.n:HHX BpCMenax H CTanOBHTC51 

KOpneBO:H 3KcnOHeHTOH na 60JIhlllHX, npHqeM BpeMjJ: Bbrxo.n:a Ha aCl'fMnToTHKy cymeCTBeH' 
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HO CBil3aflO C B1U\OM I<OppeJI.lIUHOHHOH <PYUI<II,HH JIOKaJIhHhIX nOJIeH OT caMhIX MeJlJIeHHhIX 

06'LeKToB B CHCTeMe. 

CymeCTByJOIUHe TeopHH CCI1 He npeTeHUOBa.JIH na OITHCamre ero Ha CpeJlHHX H 60JIh­

nmx BpeMeHax. IIpoBeueRHoe HaMH paCCMOTpeHlfC ,[(at.:T rrpe,[(CKa3aHUe nOBeJleHHil CCM 

npaKTH'IeCKH Ha Bcex BpeMeHax, '-ITO n.eJIaeT B03MOlKHOH 3KcrrepHMeHTaJIhHyJO npOBepKY 

an.eXBaTHOCTH HalllCH MOJleJIH peaJIhHhlM npOIl,CCCaM B HH3I<OKOHUeHTPHpOBaHHOH ClllmOBOH 

CHCTeMe. 

1­ 1 
gllA) 0; 

2 
2- 91(A) 0; 

2
3 -g2(AJD. 

-1 2 3 4 5 

PHC. 1. KJIaCTepHoe pa3JIOlKeHHe <PYHI<II,HH <P0PMbI JIHHHH. CmlR 1/2. 

Zd 
01 (.6.JDL; 

2d 
3- 9 2(AJDL 

4 5 

fi./fOLJ 

PHC. 2. KJlaCTCpHoC pa.3JlOlKeHHe <PYHKIl:HH <pOPMhl JU1HHH. KJIaCCH'-IeCKI-fH npeJ\eJI. 
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1 - Dgfb);
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2 - D!I.zl.6l= 

3-D9~}' 

-1 2 3 4 5 6
 

.610
 

PHe. 3. KJIaCTepHoe pa3J10lKeHHe q,yHKUHH q,OpMhI JIHHHH. BpeM.ll KOppeJI.lIUHH 'Tc = 4/D. 
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PHC. 4. KJIaCTepHOe pa3JIo)J{eHHe CCH. BpeM.ll KOppeJI.llUHH Tc = 4/D -- 1, Mo.a.eJIh 

AH,nepcoHa - - 2. a - IIOJIHhIH CHTHaJI, b - CHrHaJl OT nap, C - CHrJIaJI OT MaCChI. 
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