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Pa6oTa BbIIl0JIHCHa Ha q>H:JU'ICCK0M q>aKyJihTCTC Taµ;,KUKCKOro rocyµ;a.p

CTBCHH0ro YmrnepcnTeTa u · Jla6opa Top nu Bb~'IUCJIHTCJlbHOII TexHIIKii_ u 
ABTOMaT1maum1 O61,eµ;1memrnro HHcTnTyTa. Jlµ;epHblX Ilccneµ;oBaHUII 

Oqiuu1ianhHhre onnoHeHThr: 

l];0KT0p q>II:JIIKO-MaTeMaTll'ICCKIIX "HayK 

-npoqieccop 
µ;oKT0p q>nmmo-MaTcMaTII'ICCKUX. HayK. 

npoqieccop · 
)];0KT0P qJll:JIIKO-MaTeMaTII'ICCl(IIX HayK 

C.<l>.Tin.mweB 

.TI.A.YBapc>Ba 

R,il;.JlaxHo 
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Beµ;yll\an opramrnaumr - . HucTIITYT BhicoKonpon:JBoµ;nTCJihHhIX Bhl'IIIC-

JIIITCJihHhlX CIICTCM f> AH;· r.Moc1rna , . 

_ 3all\~ITa µ;nccepTau1·111 cocTon;CH " " 1996 r. Ha oa-
ccµ;amm cneuuammnpoBaHHoro CoaeTa .D: 047.01.04 no oall\llTe µ;oKTop
cKnx µ;uccepTaUIIH npn .l1a6opaTop{m Bhl~lllCJIUTCJibHOlfTexHIIKll 11 ABTO

MaTnoau1m O6'beµ;uHeHHoro HHcTHTyTa Jlµ;epHhlX Hccneµ;oBattnii, 141980, 
,IJ;y6Ha, MocK •. 0611., JIBTA, OHJIH. , .- · 

' 
C µ;nccepTauue1i MmK~~ 0::3HaIWMUTbC.!I B 6u6mmTeKe O HJIH. - ' ·•-' \ .. 

ABTopeq>epaT panocnaH" 
,, 1996 r. 

~'•1enb111 ceKpeTapb cncu,uai_nmnpoBaHHoro ConeTa 
I(aHµ;np;aT q>IIOllKO-MaTCl\laTII'ICCKIIX HayK 

' 

I'!BaH'ICHKO 3.M. 

t ,, 
j 

/ 

i 

'1 

't', 
:I 

:'.l 

l ,1 

,\1 ,,, 
, l 

I 

'] 

1, 

.! 

/ 
\ 

,J 

,I 

OBIT(Aff XAP AKTEPHCTHKA P ABOThl 

AKTY AJibHOCTh TEMhI: Ilporpecc B Il::lY'ICHIIII <f>unn'leCKUX, XIIMII

'ICCKIIX, 6I1onor1I'ICCKIIX II µ;pyrIIX CIICTCM HepanpblBHO CBsmaH C aHanII::30M 

CYll\CCTBCHH0 HC1IIIHCHHblX :J<p<peKTOB. TeopeTII'ICCKOe onncaHne H MaTe

MaTil'ICCK0e M0l];C1II1p0BaHIIC HB1ICHHH B panHblX o6naCTHX HayKII Oa'IaCTYIO 

npIIB0i];.!IT K nccneµ;oBaHIIIO HC1IIIHCHHblX µ;n<p<pepeHUlla1IbHblX ypaBH~HllH 

B 'IaCTHhIX nponnB0i];HhlX. B TepMIIHax peweHHH He1II1HeHHbIX ypaBHeHIIH 

0OHCbIBaIOTCH C0BepweHH0 pannH'IHhie no CBoen: npnpoµ;e q>Il::3II'ICCKI1e, XII

Mil'IeCKIIe, '6nonorI1'IeCKI1e lI T.n. CIICTCMbl. Hccneµ;oBaHHhie B µ;nccepTaUIIII 

HeJIIIHCHHble Moµ;eJIII YCJI0BH0 M0:lKH0 pan6IITb Ha µ;Be rpynnhI: Moµ;enn, onn

CbIBaIOll\Il_e q>IIOIIKO-XIIMil'IeCKIIC HepaBH0BeCHbIC cop6UIIOHHhIC npouectbl, 

II noneBble Moµ;eJIII B K0Hp;eHCIIp0BaHHbIX CIICTCMaX. 

Ha 0CH0Be HeJIIIHen:HhIX Moµ;enen: nep~on: rpynnhl Il::lY'IaIOTCH II Moµ;e

JIIIPYIOTCH npouecchI, K0T0pbIC npoTeKaIOT Ha rpaHIIUC panµ;ena µ;Byx <pan 

( TBepµ;oe Teno-ran, TBepµ;oe TCJI0-:lKili];K0CTb II T.n.) II IlrpaIOT CYll\CCTBCH

HYIO p0Jib B llIIIp0K0M Kpyre q>H::3II'ICCKIIX II XIIMII'ICCKHX HBJICHIIH. 3µ;ecb B 

nepByIO 0'Iepeµ;h M0:lKH0 HanBaTb npoueccb1 aµ;cop6umr II µ;ecop6u1rn BCll\C

CTBa. HecMoTpH Ha pannn'IIIH <pIInIIKO-XllMII'IecKon: npIIpoµ;hI Bee aµ;cop6un-

0HHhie npoueccbl cy~eCTBCHH0 BJIIIHIOT Ha i];IIHaMIIKY nepeHoca Be~eCTBa 

(rana, :lKlli];KOCTII). Ilpn :JT0M B0::3M0:lKHbl KaK K0JIII'IeCTBCHH0e, TaK II Ka'Ie

CTBCHH0e II::3MCHCHIIH C0CTaBa. Aµ;cop6npyIO~M cpeµ;a cnoco6Ha aKTIIBH0 

noBJIIIHTh Ha nnHen:HhIH nepeHoc, cµ;enaB nocneµ;HIIH iienIIHCHHhIMj npI1Be

CTII K CaMo·cornacoBaHHOMY <popMIIpOBaHIIIO K0HUCHTpaunoHHhIX npo<pnnen: 

B CHCTeMe aµ;cop6aT-aµ;cop6eHT II B HT0re-K pe::3K0MY Bbl6bIBaHUIO H::3 no

TOKa cop6npyIO~ero K0Mn0HCHTa. 8To M0:lKCT IIMCTb npaKTlI'ICCK0e ::3Ha

'ICHIIC BO MH0rIIX npIIKJiap;HbIX naµ;a'Iax (KaTannna, B npoueccax 0'IHCTKII II 

T.µ;.). IlpII :JT0M noBepXH0CTh aµ;cop6eHTa ecTeCTBeHHhIM o6panoM II0 no

T0Ka "BhI6opo'IHO noµ;6IIpaeT" 0Ti];CllbHYIO K0Mn0HCHTy. MHorO'IIICJICHHbie 

:JKcnepIIMCHTa1IbHbIC <paKThI, B oco6eHHOCTII no q>ImII'IeCKOH aµ;cop6umr ra

:J0B u :lKIIi];KOCTCll Ha ueoniITax, n0Ka:JblBaIOT, 'ITO B nopbl cop6eHTa MoryT 

np0HIIKaTb aT0Mbl IIJIII M0JICKYJibI T0JibK0 onpeµ;eneHHOll <popMbI II panMepa 

( c Y'ICT0M nonHpH0CTII n nonHpIInyeM0CTH aµ;cop6upyeMOII M0JICKYJibI ); IIX 

M0JieKyJIHpH0-CIIT0B0C i];CllCTBIIC np0HBJI.!leTCH B pa::3JIII'IH0ll CTeneHII. 

8KcnepI1MCHTa1lbHble penynhTaThl no aµ;cop6UIIII ranoB Ha noBepXH0-

CTII TBepp;bIX Ten CBIIi];CTC1IbCTBYIOT 0 panHoo6panHOM noBeµ;eHIIII TenJI0T 

aµ;cop6UIIII c pocT0M CTeneHII nan0JIHCHIIH noBepXH0CTlI. 3a'IaCTYIO lI::3-
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MeHeHIIe TeillIOTbI aµ;cop6n;IIII CB.IJ::)bIBaIOT C B3aUMoµ;eii:cTBIIeM (npUT.IDKe

HIIeM) MeJKµ;y aµ;cop6upOBaHHbIMII MOJieKynaMH. BMeCTe C TeM MOiKHO 3a

KJIIO'IHTb, 'ITO 6oJiblllall 'iaCTb aKcnepuMeHTaJibHbIX pe3yJibTaTOB no onpe

µ;eneHIIIO xapaKTepHCTHK cop6n;HH BeIQeCTBa oµ;H03Ha'iHO np1rnoµ;UT K BbI

Boµ;y, 'ITO y'leT B3aHMOµ;eii:cTBH.ll 'iaCTIID; B cop6D;HOHHOII CIICTeMe Heo6xo

µ;uM; 8To o6CTO.IITeJibCTBO .IIBJI.lleTC.11 BaJKHbIM B II3y'ieHirn aµ;cop6n;noHHbIX 

.IIBJieHHll II IIX BJIII.IIHII.ll Ha npoTeKaHHe npon;eccoB nepeHOCa BeIQeCTB. 

MaTeMaTII'iecKoe onucaHHe npon;eccoB paBHOBeCHOH H HepaBHOBeCHOH 

cop6n;IIII BeIQeCTBa Tpaµ;HD;HOHHO 6a3HpyeTC.ll Ha <peHOMeHOJIOrII'ieCKIIX MO

µ;eJI.IIX. Oµ;HaKO MHOrIIe II3BeCTHbie Moµ;enH µ;uHaMIIKH cop6n;nu BeIQeCTBa 

HrHOpIIpyIOT B3aIIMoµ;eii:cTBIIe 'iaCTIID; (aTOMOB IIJIII MOJieKyn) B aµ;cop6n;II

OHHOH CIICTeMe. CyIQeCTBYIOIQIIe Moµ;enII µ;n.11 onucamrn npon;eccoB nepe

Hoca II C0p6D;IIOHHOrO MaCC006MeHa orpaHII'iIIBaIOTC.11 aHaJIII30M B paMKaX 

JIIIlllb JIIIHeHHbIX ll30TepM IIJIII II30TepMbI JleHrMIOpa, 'ITO Heµ;ocTaTO'iHO 

µ;n.11 y'leTa KOppeII.IID;IIOHHbIX a<J><peKTOB II MeXaHII3MOB B:3aIIMOµ;ei°ICTBIIH aµ;

cop6aTOB B aµ;cop6IIpy101Qeii: cpeµ;e. Ka'ieCTBeHHaH on;eHKa aKcnepIIMeH

TaJibHbIX p;aHHbIX no TennoTaM aµ;cop6D;IIII II II30TepMaM pa3JIIPIHbIX ra30B 

Ha noBepXHOCTII TBepp;bIX Ten nOKa3bIBaIOT, 'ITO Bb):UieyKa3aHHbie Mexa

HII3MbI II onpeµ;eJIHIOT BIIµ; aKcnepIIMeHTaJibHbIX KpIIBbIX. ll3y'leHHe Hepa

BHOBeCHOH p;IIHaMIIKII aµ;cop6D;IIOHHbIX npon;eccoB, KOJIII'ieCTBeHHbIII aHa

JIII3 <J>opMIIpOBaHII.ll II aBOJIIOD;IIII KOHD;eHTpan;IIOHHbIX 3aBIICIIMOCTelI µ;aJKe 

B oµ;HoMepHbIX cpeµ;ax HeII36eJKHO Tpe6yeT npIIBJie'ieHirn .'iIICJieHHbIX pac

'leTOB II npoBeµ;eHII.11 MOIQHbIX BbI'iIICJIIITeJibHbIX aKcnepnMeHTOB. HanIID;O 

TeCHall CB.113b MeJKµ;y TeopIIeii: KOHp;eHcnpoBaHHOro COCTOHHIIH, q>II3H'IeCKOH 

XIIMIIeii: (B nepByIO o'iepep;b c npo6neMaMII cop6n;IIII II KaTann3a) n ncnonh

~oBaHIIeM a<J><J>eKTIIBHbIX anropIITMOB II MeToµ;oB BbI'iIICJIIITeJibHOII MaTe

MaTIIKII. llccneµ;oBaHIIIO npon;eccoB nepeHoca BeIQeCTBa C y'leTOM BJIII.IIHH.11 

aKTIIBHOrO aneMeHTa B oµ;HoM, µ;Byx II Tpex H3MepeHII.IIX nocBHIQeHa nepBaH 

'laCTb µ;uccepTan;uu. 

BTopaH 'laCTb µ;uccepTaD;IIH IIOCBHIQeHa Moµ;enIIpOBaHIIIO Hemrnei'IHbIX 

.IIBJieHIIH B paMKaX IIOJieBbIX MOµ;eneii: q>II3IIKII KOHp;eHCIIpOBaHHOrO COCTO

.IIHII.11. ll3y'ieHHe HeJIHHeii:Hhlx .IIBJieHIIH B KOHp;eHcupoBaHHbIX cucTeMax ·B 

rrocneµ;HIIe roµ;bI Hepa3pbIBHO CBH3aHO C IICCJieµ;oBaHIIeM JIOKaJIII30BaHHbIX 

B036yJKµ;eHIIll C0JIIITOHHoro Tima. 0HH. BCTpe'iaIOTC.11 B TaKHX o6JiaCT.IIX, 

KaK CBepxrrpOBOp;IIMOCTb II MarHeTII3M, CBepxTeKy'ieCTb KBaHTQBbIX )KHµ;Ko

CTeii:, B HeJIIIHeHHOll OIITIIKe, B KBa3IIOp;HOMepHbIX CIICTeMaX C HOBbIMH _Me

xaHimMaMII rrpoBOp;HMOCTII 3ap.11µ;a H CIIHHa II BO MHOI'HX µ;pyrHX. TeopeTII

'ieCKOe OIIIICaHUe peanbHbIX q>II3H'ieCKIIX CHCTeM Ha OCHOBe KOHn;errn;IIII co

JIIITOHOIIOµ;o6HbIX B036yJKµ;eHIIH rrpeµ;cTaBJIHeT co6oii: oµ;Hy II3 aKTyaJibHeii

llIIIX o6nacTeii: coBpeMeHHOH q>II3IIKII. IlpII aToM 3aµ;a'laMn rrepBocTerreHHOH 

Ba)KHOCTII B nccneµ;oBaHIIII HeJIIIHeHHbIX B036y)Kµ;eHIIll .IIBJI.IIIOTC.11 BOIIpOCbI 
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HeJIIIHei'rnoro crreKTpanbHoro rrpeo6pa30BaHn.11 rrpoII3BOJibHoro Ha'iaJibHoro 

IIMIIYJibca, reHepIIpyeMoro B CIICTeMe. B Heµ;nccnnaTIIBHbIX CIICTeMax, OIIII

CbIBaeMbIX HeJIIIHeHHbIMII µ;II<p<pepeHD;IIaJibHbIMII ypaBHeHII.IIMII B 'laCTHbIX 

rrpOII3BOp;HbIX, COJIIITOHHbie MOp;bI rrpeµ;cTaBJI.IIIOT co6oii: Han6onee ycTOH

'iIIBbie KorepeHTHbie o6pa3oBamrn II rroaToMy IIccneµ;oBaHIIe µ;1rnaMIIKH co

JIIITOHOB c n;eJibIO orrpeµ;eneHII.11 o6nacTeii: HX reHepan;IIII HJIII IIX OTCYTCTBIIH 

B006IQe µ;aeT rrp.!IMOH OTBeT Ha BOIIp~c O rrop.11µ;Ke IIJIH xaoce B ClICTeMe. 

llccneµ;oBaHIIe Hem1HeHHbIX a<J><peKTOB Hepa3pbIBHo CBH3aHO c rrpnMe

HeHueM CIIHepreTII'ieCKOI'O rroµ;xoµ;a, BKJIIO'iaIOIQero B ce6H CIIHTe3 aHaJIII

TII'ieCKIIX II 'illCJieHHbIX MeToµ;oB IICCJieµ;oBaHII.11. EcnII B oµ;HOMepHbIX IIH

TerpupyeMbIX CIICTeMax nccneµ;oBaHne yµ;aeTCH rrpoBeCTH aHaJIIITII'IeCKII, B 

'iaCTHOCTH, Il3BeCTHbIM MeToµ;oM o6paTHOH 3ap;a'ill pacce.lIHIIH (BKJIIO'IaIO

IQero peUieHne 3ap;a'in KoUIH µ;n.11 µ;aHHoii: Hemrneii:Hoii: Moµ;enn, mrneii:Hy10 

3ap;a'iy, Teopu10 B03MyIQe~uii: u T .µ;.), TO B HeIIHTerpupyeMbIX II Heoµ;Ho

MepHbIX CIICTeMax TOJibKO rrpIIMeHeHne MeToµ;oB BbI'illCJIIITeJibHOII CIIHep

reTIIKII rro3Bon.11eT rrony'iIITb ,KeJiaeMbIH OTBeT. Cpeµ;n MHOrO'iHCJieHitbIX 

Moµ;eneii: <pll3IIKII KOHp;eHCIIpOBaHHbIX cpeµ; YHIIBepcanbHbIMII CBOIICTBaMII 

06naµ;a10T Moµ;enu HeIIµ;eanbHoro 6o3e-ra3a, orrucbIBaeMbie B KBa3HKJiac

CII'ieCKOM rrpII6JIIIJKeHHII JIII6o B MeToµ;e· caMocornacoBaHHOro IIOJI.11 ypa

BHeHUeM illpeµ;IIHrepa c rronIIHOMHaJibHOH HeJIIIHeHHOCTbIO. IloaToMy nc

cneµ;oBaHIIe µ;IIHaMHKII COJIIITOHOB B aTHX Moµ;en.11x rrpeµ;cTaBJIHeT oµ;Hy II3 

HaII6onee aKTYaJibHbIX naµ;a'l coBpeMeHHOH HeJIIIHeii:Hoii: MaTeMaTH'iecKoii: 

q>II3IIKII, KOTopoii: IIOCB.IIIQeHa µ;pyraH 'iaCTb µ;IIccepTan;nn. 

Il;eJibIO µ;uccepTaD;IIOHHoii: pa6oTbI .11Bn.11eTC.11: 

1) TeopeTn'iecKoe uccneµ;oBaHIIe II MaTeMaTH'iecKoe Moµ;ennpoBaHIIe 

rrpon;eccoB nepeHoca BeIQeCTB B aµ;cop6upy101Qeii: cpeµ;e rrpII y'ieTe B3aII

Moµ;eii:cTBHH aµ;aTOMOB _B aµ;cop6aTe. Pa3BIITIIe II KOJIII'ieCTBeHHbIII aHaJIH3 

eµ;IIHOro rroµ;xoµ;a K OIIHCaHIIIO rrpon;eccOB rrepeHOCa B OTKpbITOII ClICTeMe, 

Korµ;a aKTIIBHbIH aneMeHT cop6IIpyeT II3 cpep;bI 'iaCTIID;bI. BbrnBnemie II 

KOJIH'ieCTBeHHall on;eHKa OCHOBHbIX rrapaMeTpOB HepaBHOBeCHOlI µ;1rnaMIIKII 

rrpon;eccoB cop6n;noHHoro Maccoo6MeHa, rrpIIBop;.!IIQIIX K cyIQeCTBeHHO He

JIIIHeHHbIM peJKHMaM <J>opMnpoBaHH.11 KOHD;eHTpan;noHHbIX 3aBIICIIMOCTeII. 

2) AHaJIIITII'ieCKOe u 'iIICJieHHOe IICCJieµ;oBaHIIe µ;nHaMIIKII HeJIIIHeI!HbIX 

( COJIIITOHOIIOµ;o6HbIX) B036yJKµ;eHIIH B Moµ;en.11x 6one-ra3a C llOJIIIHOMIIaJib• 

HOH Hem1HeHHOCTbIO. 

Hay'iHaH HOBII3Ha pa6oTbI 3aKJIIO'iaeTc.11 

1) B HOBOM noµ;xoµ;e K onucaHIIIO npon;eccoB _ cop6n;IIOHHoro Maccone

peHoca B oµ;HoM, p;Byx II Tpex II3MepeHII.IIX. BnepBbie aHaJIIITII'ieCKII II 'III

CJieHHO nccneµ;oBaHa HepaBHOBeCHall p;IIHaMIIKa cop6n;uu C IICllOJib30BaHneM 

HeJIIIHeHHbIX II30TepM aµ;cop6n;uu II µ;ecop6n;nn, Y'iHTbIBaIOIQHX Koppen.11-

Il;IIOHHbie a<J><peKTbI II B3aIIMOµ;eii:cTBIIH 'IaCTIID; B aµ;cop6n;noHHOII CIICTeMe. 
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Ha ocHoBe 'IHCJieHHoro aHanmm perneHHII cucTeMbI HelIHHeiiHbIX µ;nq>q>epeH

n;uanbHbIX ypaBHeHUII ranoµ;uHaMUKll u KUHeTHKII cop6n;IIH K0lIII'IeCTBeHHO 

IICCJieµ;oBaHa p;IIHaMUKa q>opMupoBaHIDI KOHD;eHTpan;nii B OTKpbITOII CII

CTeMe noT0K u aµ;cop6aT. IloKa:JaHO, 'ITO y'IeT m:muMoµ;eIICTBJI.lI aµ;aTO

M0B B OTKpbITOll CIICTeMe aµ;cop6aT-aµ;cop6eHT np1rnoµ;HT K B0::JHIIKH0-

BeHHIO B CHCTeMe "xIIMU'IeCKoro BpeMeHu", B ::JaBIICHM0CTII OT K0T0poro 

K0HD;eHTpan;IDI B noT0Ke MeHJieTCJ.I CKa'IK006panHO. IIpoBeµ;eH amu:nm µ;u

HaMlIKH nepeHoca B aµ;cop6upyromeii cpeµ;e B o6nacTu coBMecTHoro Bmrn

HH.ll npoµ;onbHOII µ;uq>q>y::JIIH u BHernHeµ;uq>q>ynIIoHHOH KIIHeTIIKH. Ha ocHoBe 

noµ;xoµ;a 06 aKTHBHp0BaHH0M K0MnlleKce, KaK nepexoµ;H0M C0CT0HHIIJI Kll

HeTHKH cop6n;uu, uccneµ;oBaH nepeHoc rana 'IaCTIIn;, cop6upyeMhIX aKTHB

HOH noBepXH0CTbIO. B paMKaX KBaHT0B0-CTaTUCTU'IeCKoro raMIIllbT0HH

aHa ll::JHHr0BCK0ro Tuna p;ll.ll OTKpbITOlI ClICTeMbI aµ;cop6aT-aµ;cop6eHT 

HIJY'IeH0 Bllll.lIHUe aKTHBHp0BaHHbIX K0MnlleKC0B Ha npon;eccbI nepeHoca. 

IIony'IeHHbie penynbTaTbI o6o6meHbI, nonaran cToxacTII''IH0CTb npon;eccoB 

nepeHoca B cop6upyromeII cIIcTeMe. IlpoBeµ;eHo cpaBHeHue penynhTaTOB B 

paMKax Tpex npu6JIII:lKeHUlI K0ppelIHD;ll0HHbIX aq>q>eKTOB B aµ;cop6aTe. 

2) B paMKaX HeJIHHelIHbIX MOp;eneH q>II::JIIKII KOHp;eHCHpOBaHHOr0 COCTO

.lIHH.lI, onHCbIBaeMbIX ypaBHeHUeM illpeµ;IIHrepa C noJIHHOMUaJibHOII HeJIII

HelIHOCTbIO, K0lIH'IecTBeHHO BhI.lIBJieHbI II npoaHanH::JIIpoBaHbI pnµ; noporo

BhIX .lIBJieHHII. BnepBbie ycTaH0BlleHo cymecTBOBaHIIe nopora o6panoBaHII.lI 

C0lIIIT0HOB npu pacnaµ;e M0H0XpoMaTII'IeCKIIX HMnynhC0B µ;mr ypaBHeHIIH 

KopTeBera-µ;e BpIIna (Kµ;B). Hauµ;eHhI noporu 06panoBaH1rn "TeMHhrx" co

lIIIT0H0B npu p;IIq>paKn;IIII connToHa B HelIIIHeIIHou µ;eq>oKycIIpyrome11 cpeµ;e. 

Mccneµ;oBaHa ycTOH'IHBOCTh C0lIIITOHHhIX perneHmI H0Boro T1ma u(2) He

lIHHeIIHoro ypaBHeHII.lI illpeµ;uHrepa (HYill). Mny'IeHa µ;uHaMnKa noKanII

::J0BaHHhlx, COlIIITOHOnoµ;o6HbIX BO::J6y:lKp;eHIIlI (" nym.rpeu") HeIIµ;eanbHoro 

6one-rana B npocTpaHCTBax c 'IIIcnoM nnMepeHIIH D = l, 2, 3, u Hauµ;eHa 

o6mi.cTb ycTOlI'IIIBOCTII p;BII:lKYmIIXC.lI ny::Jbipeu. 

Hay'IHOe II npaKTII'IeCKOe ::JHa'IeHIIe pa60TbI C0CT0IIT B TOM, 'ITO 

1) BnepBbie npeµ;no:lKeH II 'IIIcneHH0 npoaHanunupoBaH ep;IIHhIII noµ;xoµ; 

K onIIcaHIIIO npon;eccoB nepeHoca B aKTIIBHbIX, cop6IIpyromux ClICTeMaX 

c 'IHClI0M II::JMepeHuu D = l, 2, 3. Ha ocHoBe npeµ;no:lKeHHoro noµ;xoµ;a 

BnepBbie yµ;aeTC.lI B .lIBHOM BIIµ;e K0lIII'IeCTBeHHO y'IeCTb B::JaIIMoµ;e11CTBllll 

0CH0BHbIX "<I>an" CHCTeMbI aµ;cop6aT-aµ;cop6eHT II Koppennn;II0HHbie aq>

q>eKTbI B CIICTeMe aµ;aT0M-aµ;aT0M II aµ;aTOM-aKTIIBIIpoBaHHbUI KOMnlleKC 

(AK). - AHanIIIJ aKcnepuMeHTaJihHhIX p;aHHhIX II on;eHKa nony'IeHHbIX 'III

cneHHbIX penyllbTaTOB noKa::JbIBaIOT, 'ITO y'IeT aq>q>eKTOB B::JaIIMoµ;eucTBIIH 

aµ;aTOM0B npIIBOp;IIT K HelIIIHeHHbIM pe)KlIMaM q>opMIIpOBaHUJI K0HD;eHTpa

D;IIlI B aµ;cop6IIpyromeu CIICTeMe. BbI.lIBlleHbI II K0JIII'IeCTBeHH0 npoaHaJIII

::JIIpOBaHbI pe:lKIIMbI q>opMHpoBaHII.lI cymecTBeHH0 HelIIIHeIIHbIX K0HIJ;eHTpa-
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IJ;lIOHHblX B0JIH B ClICTeMe Il0TOK u aµ;cop6aT. lIOMUMO q>yHµ;aMeHTaJibHOro 

::JHa'ICHII.lI, nony'IeHHbie penynhTaTbI MoryT 6bITb HCn0llb\J0BaHbl µ;n.lI aHa

mma JI noµ;6opa aµ;cop6eHTOB c naµ;aHHbIMH CBOJICTBaMJI c D;CJibIO HX npJI

KJiaµ;Horo npJIMCHCHIDI (B npoueccax 0'IHCTKH Heq>TJI, ranOBOH Xp0MaT0-
rpaq>IIJI JI T.n.). IIony"leHHbIC pe::JyJibTaTbI MoryT 6bITb npHMeHeHbI p;ll.ll 

HHTepnpeTan;IIII aKcnepIIMeHTaJibHbIX p;aHHbIX no q>II:lll'IeCKOl'r aµ;cop6IJ;JIH 
B KpIICTaJilIII'IeCKIIX n;eolIJITax. 

2) IIony'IeHHbIC B µ;nccepTan;nu penynhTaTbI no µ;1-maMHKe C0lllIT0H0no

µ;o6HblX B0JIH MoryT 6b1Tb ncn0Jib:l0BaHbl npu aHan1me HemmeIIHblX CTpyK

TYP B <f>n::JIIKe K0Hµ;eHcnpoBaHHoro cocT0.lIHIDI. lfoy'!eHHhlll noporoBhIII xa

paKTep o6panoBaHHJI C0JIHT0H0B M0:lKCT 6b1Tb HCil0Jib:l0BaH np11 onucamm 

CTPYKTYPHbIX q>a::JOBbIX nepexoµ;oB B K0Hµ;eHCHp0BaHHbIX cpeµ;ax, npn uc

cneµ;oBaHIIll II npHMeHeHUII HelIUHeHHbIX aneKTpu~1eCKHX n;eneii, a Ta.K:lKC 

npu panpa6oTKe H0BblX MexaHU:lM0B oanucII JI nepeµ;a'IJI lIHq>OpMan;uu B B0-

JI0K0HHbIX CBeTOBoµ;ax. PenyllbTaTbI no µ;IIHaMHKe "nynhlpe11 B KOHµ;eHcaTe" 

HMCIOT Ba:lKH0e 0Ha'IeHHe µ;n.lI aHaJIHna CBepxTeKy'IHX 6one-)KIIp;KOCTei'1 II 
CBepxnpoB0p;.llmux BbIC0K0TeMnepaTypHbIX coeµ;HHeHIIH. 

OcHOBHble penyJibTaTbI, BblH0CHMble Ha \JamnTy. 

1. IIpeµ;nm1rnH eµ;HHhlll noµ;xoµ; K onIIcaHnro npon;eccoB nepeHoca 

B cop6n;IIoHHhIX CIICTeMax, y'IHTbIBaromun B::JanMoµ;ei'1cTBll.lI aµ;cop6a-

- T0B l-1 a<f><f>eKTOB KOppen.lIIJ;lIH Me:lKµ;y 'IaCTHD;aMII. Ha 0CH0BC KBaHT0B0-

CTaTIICTII'IeCKoro raMUllbT0HIIaHa II\JHHr0BCK0ro TIIna µ;n.lI OTKpbITOII Cll

CTeMbl aµ;cop6aT-aµ;cop6eHT panpa6oTaHa Moµ;enh nepeHoca rana 'IacTnn;, 

cop6npyeMblX aKTIIBHOH IlOBepXHOCTbIO. ,I(n.ll onucaHH.lI HCp8.BHOBCCHoi'1 µ;II

HaMHKII cop6n;nu B npocTpaHCTBax c 'IncnoM nnMepem1i'1 D = l, 2, 3 nony

'IeHa CHCTeMa ypaaHeHHH B KOTOpon µ;n.lI T0'IH0ro y"leTa K0ppelI.lIIJ;II0HHbIX 

a<f><f>eKTOB MC)l{µ;y aµ;aT0MaMII B HepaBHOBCCHOi'I aµ;cop6n;IIOHHOll CIICTCMe 

cymecTBCHH0 lllllllb 'IlIClI0 6JIH)l{allllll-lX coceµ;ei'r, B\JallMOµ;ei'rcTByromIIx c 
µ;aHHbIM aµ;aT0M0M. 

2. IlpoBeµ;eH 'IHcneHHhln aHamm cucTeMhl Hem1HettHbIX µ;u<f><f>epeHIJ;H
aJihHbIX ypaaHeHHH ranoµ;HHaMHKH 1-1 KHHeTHKll cop6n;IIH II lI0Y'IeHa µ;nHa

MHKa q>opMHpOBaHIDI KOHD;eHTpan;ui'r B OTKpbITOll CHCTeMe n0T0K II aµ;cop-

6aT. YcTaHOBlICH, 'ITO Y'ICT B:laIIMoµ;enCTBl-I.lI aµ;aTOM0B B OTKpbITOH Cll

CTeMe aµ;cop6aT-aµ;cop6eHT npHB0p;HT K B0IJHHKH0BCHHIO B ClICTeMe "x1-1-

MU"leCK0ro BpeMeHII", B 08.BHCIIM0CTH OT K0Toporo K0HIJ;CHTpan;n.lI B noT0Ke 

MeH.lleTC.lI cKa'!Koo6panHo. 

3. lI::Jy"leHa µ;IIHaMnKa nepeHoca B aµ;cop6npyromei'r cpeµ;e B o6nacTII co

BMeCTHoro BlIH.lIHH.lI npoµ;onhHOII µ;uqi<f>youu II BHernm~,gHq>q>y::JHOHHOII ume

THKH. Ha OCH0Be noµ;xoµ;a 06 a.KTHBHp0BaHH0M K0MnlleKce, Ka.K nepexoµ;H0M 
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cocTO.IIHHH KHHeTHKH cop6n;1111, nccrre;a;oBaH rrepeHoc raua, cop6npyeMoro 

aKTHBHbIM arreMeHTOM. B pa.MKax KBaHTOBO-CTaTIICTII'feCKOro raMUJibTO

HHaHa IIDHHrOBCKoro THIIa ;a;rr.11 OTKpbITOll CHCTeMbI a;a;cop6aT-a;a;cop6eHT 

ycTaHOBJieHO BJill.llHHe aKTHBIIpOBaHHbIX KOMIIJieKCOB Ha rrpon;eccbl rrepe

HOCa. YcTaHOBJieH rropor HaCbllll.eHil.11 CTerreHII :JaIIOJIHeHU.11 IIOBepXHOCTU B 

:JaBIICIIMOCTII OT aq>q>eKTIIBHOro rrapaMeTpa B:JaI1Mo;a;e1ICTBU.II 'IaCTIIIJ;. IIo

rry'IeHHble pe:JJJibTaTbI 0606I11.eHhl, rrorrara.11 CTOXaCTU'IHOCTb rrpon;eccoB 

rrepeHoca B CIICTeMe IIOTOK II a;a;cop6aT. IlpoBe;a;eHO cpaBHeHIIe pe3JJibTa

TOB B paMKaX Tpex IIpI16JIII)KeHIIll xoppeJI.IID;UOHHbIX aq>q>eKTOB B a;a;cop-

6aTe. IIpoBe;a;eHa KOJIII'leCTBeHHa.11 on;eHKa 'IHCJieHHbIX penyJibTaT0B, ;a;aHO 

IIX cpaBHeHHe C axcrrepnMeHTaJibHbIMII ;a;aHHbIMH no q>U3H'lecxoii: a;a;cop6D;HII 

rauoB Ha KpIICTaJIJIIl'Iecxnx n;eoJIIITax II norry'leHo nx xopowee corrracue. 

4. B paMKax yHnBepcarrbHOll Mo;a;erru Hen;a;earrbHoro 60:Je-ra:Ja, OIIIICbI

BaeMoro B KBa:JHKJiaCCH'IeCKOM rrpII6JIH)KeHIIII rrn6o B MeTo;a;e Ca)).toCOrrra

COBaHHoro norr.11 ypaBHeHIIeM illpe;a;IIHrepa C nOJIIIHOMIIaJibHOll HemrneI1:HO

CTbIO, IICCJie;a;oBaHa l];IIHaMIIKa JIOKaJIII:JOBaHHbIX ( COJIHTOHonoµ;o6HbIX) 06-

panoBaHIIH 11 Bhl.llBJieHhl noporoBhle Hemrne:ii:Hhle JIBJieHHH B KoH;a;eHcnpoBaH

HhIX CIICTeMax. ,It;rr.11 onepaTopa illpeµ;nHrepa uccrreµ;oBaH Bonpoc o cyI11.e

CTBOBaHIIII l];IICKpeTHbIX ypoBHell aHepr1rn, COOTBeTCTBJIOill.UX COJIIITOHaM 

ypaBHeHH.11 Kµ;B C noTeHIJ;IIaJIOM cnen;IIaJibHOro Bnµ;a; ycTaHOBJieH IIX no

porOBbIM xapaxTep o6panoBaHIIH. B paMKax ypaBHeHirn Kµ;B 1mrreH pac

naµ; MOHOXpoMaTII'IeCKIIX IIMnJJibCOB Ha COJIIITOHbI. IIpeµ;rrmKeHa npon;e

µ;ypa annpOKCIIMaIJ;IIII rapMOHH'IeCKIIX IIMnJJibCOB, noKa:JaHO ee xopowee 

corrracue C pe:JJJibTaTaMII 'IIICJieHHbIX axcnepIIMeHTOB. 

5. IIccrreµ;oBaHa µ;IIq>paKIJ;II.11 Moµ;yrrIIpOBaHHbIX MOHOXpoMaTU'leCKIIX 

BOJIH ( corrIITOHOB) B HeJIIIHeiiHm'i: µ;e<f>oxycIIpy10I11.eii cpeµ;e. IIorry'IeHo TpaH<;

n;eH;a;eHTHOe ypaBHeHIIe Ha co6CTBeHHbie :JHa'IeHIIH, J'IIITbIBaIOI11.ee aq>

q>eKTbl COJIIITOHHOM MOl];JJIHIJ;IIII nrrocxoii BOJIHbI, II npoBeµ;eH ero ~mcrreH

HbIM aHarrim. YcTaHOBJieHbl noporbI o6pauoBaHIIH "TeMHbIX" COJIIIT0HOB µ;rr.11 

HYill. Ha ocHOBe 'IIICJieHHoro Moµ;em1poBaHIIH ycTaHOBJieHa Heyr.TOII'IH

BOCTb corrnTOHOB HOBoro TIIIIa BeKTopHoro u(2) HYID .. 

6. IIocTpoeHhl 6onoHHbie rrpeµ;cTaBrreHII.11 Moµ;errn aHII30TponHoro q>ep~ 

poMarHeTIIKa reii3eH6epra II 1my-qeHa aBOJIIOIJ;IIH COJIIITOHonoµ;o6HbIX ny-

3bipbKOB HeIIµ;earrbHoro 60:Je-raua. B paMxax '113 
- '115 HYill ycTaHoBrreHa 

HeycTOM'IIIBOCTb cTaTn'IeCKIIX nynb1pei'1 II Haiiµ;eHa o6rracTb ycTOM'IHBOCTH 

p;BII)KJill.IIXC.11 IIJ3blpeii. lI3y'IeHa l];IIHa)).HIKa Ol];HO-, µ;Byx- H TpexMepHbIX 

"ny3blpeii B 60:Je-KOHp;eHCaTe" II ycTaHOBJieH rroporoBbIII xapaKTep HX µ;u
HaMHKII coyµ;apeHII.11. YcTaHOBJieHa HeycTOM'IIIBOCTb µ;Byx- II. TpexMepHbIX 

ny3hlpe1'i:. YcTaHOBJieH xapaxTep HeycTOM'IIIBOCTII oµ;Ho-, µ;Byx- II TpexMep

HhIX nY3bipe:ii: B 3aBIICIIMOCTII OT Bbl6opa Ha'IaJibHOro B03MJI11.eHII.II. Ilpeµ;

JIO)KeH HOBbIM noµ;xoµ; K 'IIICJieHHOMy aHaJIImy HeJIIIHeiiHoro ypaBHeHirn illpe-
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p;IIHrepa c norrIIHOMIIaJibHoii HeJIIIHeMHOCTbIO. 

Arrpo6an;IIH pa6oTbI. PenyrrbTaThl, norry'IeHHhle B µ;IIccepTan;IIII, µ;o
xrrap;bIBaJIIICb II o6cy)Kµ;aJIIICb Ha Hay'IHhIX ceMIIHapax JIBT A II JIT<P 

OIIHII, TrY II TIIII (r.,It;ywaH6e), <I>TII AH Taµ;)KIIKIICTaHa, HII<l>XII 

IIM.JI.H.KapnoBa (r.MocKBa), HIIII XIIMIIII II xa<f>eµ;phl q>II3II'Iecxoi'1 XIIMIIII 

CII6rY (r.CaHKT-IleTep6ypr), CaHKT-IleTep6yprcxoro oTµ;erreinrn poc

cI1iicxoro XIIMII'Iecxoro 06I11.eCTBa IIM.,It;.II.MeHµ;erreeBa, lIHCTIITJTa MaTe

MaTil'IeCKIIX rrpo6rreM 6IIorrorI1I1 P AH·( r.Ilylll.IIHO ), lIHCTIITyTa Bblcoxonpo

II3BOl];IITeJibHhIX Bhl'IIICJIIITeJibHhIX CIICTeM PAH (r.MocKBa), Ha XXIII Ha

J'IHOH KOHq>epeHIJ;IIII q>aKJJibTeTa q>II3IIKO-MaTeMaTII'IeCKIIX II ecTeCTBeH

HbIX Hayx YHIIBepcIITeTa µ;py)K6bI Hapoµ;oB IIM.Il.JlyMyM6bI (MocKBa, 

1987r.), Ha III BcecoIO:JHOM coBelll.aHIIII "TeopIIH corrIITOHOB II npIIJIO)Ke

Hll.ll" (Ilylll.IIHo, 1987r.), Ha Me)Kµ;yHapoµ;HoM coBelll.aHIIII no HeJIIIHeMHhIM 

II Typ6yrreHTHhIM npon;ec~aM B q>Il:JIIKe (KIIeB, 1987r.), Ha IV Me)Kµ;yHa

poµ;HoM CIIMII03IIJMe no II:J6paHHbIM rrpo6JieMaM CTaTIICTII'IeCKOII Mexa

HIIKII (.Il:y6Ha, 1987r. ), Ha Me)Kµ;yHapoµ;Hoii KOHq>epeHD;IIII "HerrIIHeiiHotTb 

II xaoc" (TawxeHT, 1990r.), Ha Pecny6rrIIKaHcxoii KOHq>epeHIJ;IIII MOJIOl];bIX 

y'IeHbIX (JieHIIHa6aµ;, 1991r.), Ha BcepOCCIIMCKOM KOHq>epeHIJ;IIII "<PII3IIKO

XIIMII'IeCKIIe MeTOl];hl IICCJieµ;oBaHII.11 CTPYKTYPhl II l];IIHaMIIKII MOJiexyrrHpHbIX 

CIICTeM" (Howxap-Orra, 1994r.), Ha PoccIIiicxoi1 Hay'IHOI'i: KOHq>epeHIJ;IIII c 

y-qacTIIeM 3apy6e)KHhIX y-qeHhIX "MaTeMaTII'IeCKIIe Moµ;errII Hem,rneiiHhIX 

B036y)Kµ;eHIIM, nepeHoca, l];IIHaMIIKII, ynpaBJieHII.11 B KOHp;eHCIIpOBaHHbIX CII

CTeMax" (Thepb, 1994r.), Ha II Me)Kµ;yHapoµ;Hoii KOHq>epeHIJ;IIII no q>II3IIKe 

HII3KOpa:JMepHhIX CTPYKTYP "PLDS-2" (,It;y6Ha, 1995r.) II Ha e)Keroµ;Hoii 

Hay-qHo:ii: xoHq>epeHD;IIII TrY II TIIII (,It;ywaH6e, 1985-1992rr.). 

CTpyxTypa pa60TbI. ,It;IIccepTaD;IIH COCTOIIT II3 BBeµ;eHII.11, wecTII rrraB, 

3aKJIIO'IeHIIJI, cnIIcKa D;IITIIpoBaHHoii JIII'FepaTyphl. Ilo TeMe p;IIccepTaIJ;IIII 

orry6JIIIKOBaHO 26 pa6oT, B TOM 'IIICJie HamICaH 063op. 

KpaTKOe coµ;ep)KaHIIe pa60TbI. Bo BBeµ;eHIIII o6cy)Kµ;aeTC.II COCTO.IIHIIe n 
aKTJaJibHOCTb npo6rreM, KOTOpbIM nocBHI11.eHa µ;IIccepTaIJ;II.11, c<f>opMJJIIIpo

BaHa n;errb p;IIccepTaD;IIII II nepe'IIICJieHbI opIIrIIHaJibHbie pe3JJibTaTbI, IIO

rry'IeHHhle B µ;uccepTaIJ;IIII. 

B nepBoii 'IaCTII ( rrraBbI 1-3) Il3J'IaIOTC.II II Moµ;errnpyIOTCH q>IImIKO

XIIMII'IeCKIIe HepaBHOBeCHbie cop6D;IIOHHble npon;eccbI, KOTOpbie npoTe

KaIOT Ha rpaHIIn;e pauAeJia µ;Byx <J>au ( TBepµ;oe Terro-ran, TBepµ;oe 

TeJIO-)KIIl];KOCTb II T.n.) II IIrpaIOT cylll.eCTBeHHYIO porrb B UIIIpOKOM Kpyre 

q>II3II'IeCKIIX II XIIMII'IeCKIIX .IIBJieHIIM. 

ThaBa 1 nocBJIIll.eHa II:JJ'IeHIIIO npon;eccoB ne_peHoca B aµ;cop6IIpy10-

I11.eii cpeµ;e B:JaIIMoµ;eiicTBYIOill.IIX aµ;aTOMOB II aKTIIBIIpOBaHHbIX KOMnJieK

COB. PanBIIT eµ;IIHhIM noµ;xoµ; K onIIcaHIIIO npon;eccoB nepeHoca B oµ;HoM, 

p;Byx II Tpex II:JMepeHll.llX npIIMeHIITeJibHO K q>II3II'Iecxoii aµ;cop6n;uu. Ilpo-
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ueccbl nepeHoca IICCJieµ;yroTCH B OTKpbITOH CIICTeMe, Korµ;a aKTIIBHbIII :)Jie

MeHT cop6IIpyeT II3 noTOKa rana IIJIII :lKIIp;KOCTII '!aCTIIUhI. Iloµ; aKTIIBHhIM 

:3JieMeHTOM npII D = 1 {D-panMepHOCTh aKTIIBHoro :3JieMeHTa) noHIIMa

IOTCH, HarrpIIMep, noJIIIMepbI, MOJieKyna .IJ:HK II µ;pyrIIe KBa:JIIOp;HOMepHbie 

CIICTeMhlj npII D = 2-noBepXHOCTh II npII D = 3-KpIICTaJillbI (B '!aCTHO

CTII, ueoJIIITbI) II µ;pyrIIe nopIICThie Tena. 

§1 nOCBHmeH aHan1my :)KCnepIIMeHTaJihHhIX µ;aHHhIX no TennoTaM <pII3II

'!eCKOH aµ;cop6QIIII. 8xcnepIIMeHTaJihHhie penynhTaTbI no onpeµ;erieH1110 Be

JIII'IIIHhI TenJIOTbI aµ;cop6QIIII ranoB Ha noBepXHOCTII TBepp;bIX Tell, a TaK:iKe 

II µ;pyrIIX xapaxTepIICTIIK (paBHOBeCHhIX II µ;nHaMII'leCKHX) aµ;cop6umr ra-

30B, noKa:JbIBaIOT, 'ITO B3aIIMoµ;eHCTBIIH '!aCTIIU B aµ;cop6aTe onpeµ;eJIHIO

mIIM o6panoM BJIIIHIOT Ha :3KcnepIIMeHTaJihHble naBIICIIMOCTII. 8TOT cpaKT 

HBJij{eTCH cymecTBeHHbIM II YKa:JhIBaeT Ha Heo6xoµ;IIMOCTh y'leTa B3aIIMO

µ;eHCTBIIH '!aCTIIU II :3<p<peKTOB KOppelIHQIIII B cop6UIIOHHOII CHCTeMe npn 

TeopeTH'!eCKOM aHaJIH3e ll IIHTepnpeTaQIIH :)KCnepnMeHTaJihHhIX µ;aHHbIX. 

C µ;pyroii CTOpOHbI, :)TO o6cTOHTeJibCTBO HBJIHeTCH Ba:lKHhIM He TOllhKO B 

H3y'leHHII aµ;cop6unoHHhIX HBJieHIIH, HO ll B HCCJieµ;oBaHIIH BJIIIHHHH npo

uecCOB cop6unII BemecTBa Ha µ;IIHaMIIKY nepeHoca. 

B §§2 II 3 panpa6oTaHa Moµ;enh µ;nH onIIcaHIIH HepaBHOBecHoi'1 µ;1rna

MIIKII cop6QIIII, B KOTOpoii B HBHOM BHµ;e KOJIII'!eCTBeHHO Y'IIIThIBaIOTCH 

B3aJIMoµ;eiicTBIIH OCHOBHhIX "cpan" CHCTeMbI aµ;cop6aT-aµ;cop6eHT ll Imp

peJij{QllOHHhie :3cpcp·eKThl B CIICTeMe aµ;aTOM-aµ;aTOM ll aµ;aTOM-aKTHBHpo

BaHHhIH KoMnJieKc {AK). AHanIIn '!IIcneHHhIX penyllhTaToB, np1rneµ;eHHhIX B 

nocneµ;yromIIx rnaBax, nOKa:JhIBaeT, 'ITO IIX y'leT npIIBOp;HT K cymecTBeHHO 

HeJIIIHeHHhIM pe:iKHMaM cpopMHpOBaHHH KOHQeHTpaQIIOHHbIX BOJIH B Hepa

BHOBeCHOH aµ;cop6npyromeii cIIcTeMe. B ocHoBy noµ;xoµ;a K onncaHnro npo

ueccoB nepeHoca B aµ;cop6npyromeii cpeµ;e IIcrronhnoBaHa Moµ;enh HnnHra 

C B3aIIMoµ;eHCTBIIeM Me:iKµ;y 6JIII:iKaHlllIIMII coceµ;HMII II annapaT KBaHTO

BO-CTaTIICTH'!eCKIIX KoppeJIHQHOHHhIX cpyHKUIIH, npnMeHeHHhIII BrrepBbie K 

µ;aHHOH Moµ;eJIII C.B.TH6JIIIKOBbIM II B.K.<f>eµ;HHIIHbIM B 1968-1980 roµ;hr. 

TexHIIKa xoppeJIHUIIOHHhIX cpyHKUIIH II Moµ;enh HnIIHra 

H = -µ L n1 - c: L nfng, 
f (Jg) 

KOHKpeTH3IIpOBaHbI p;lIH OIIIICaHIIH HepaBHOBeCHOII µ;IIHaMHKII cop6u1rn B 

rrpocTpaHCTBax c '!IICJIOM IInMepeHHH D = 1, 2, 3 . .IJ:nH orrIIcamrn µ;1rnaMIIKII 

nOTOK8. rana IIJIH :lKIIp;KOCTH B o6JiaCTHX <pII3H'!eCKOI"I aµ;cop6QHII rrpep;JIO

:iKeHa II 'IIICJieHHO IICCJieµ;oBaHa cneµ;yromM CIICTeMa ypaBHeHm"1: 
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av 80 -
Br + Br + ( il\l)v = d6.v, (1) 

_ a a 
il\l=v1-+··•+vvac' ae1 ~v 

a2 a2 
6.=-+··•+-2, aa aev 

80 { V 
Br= Vads - Vdes = apo -1 }1P(T,c,c1,z,0), (2) 

1 apo ~ z. {l - 0y-m0m __ ----; 
0=</>(apo)T= ~om!{z-m)! ap0 +exp(-mp.:c) 

z 

(3) 

B ypaBHeHIIHX {1)-(3) v(l r)- 6enpanMepHM KOHUeHTpaumr cop6u

pyeMoro BemecTBa B ranoBoii (nnn :iKIIµ;Koi'1) cpane (v = ~ = n1 , r = -!;); 
0( l r )- cpeµ;HHH no o6'beMy nepeH KOHUeHTpau1rn aµ;cop6aTa B nopax aµ;

cop6eHTa ; v- cpeµ;HHH JIIIHeHmUI CKOpOCTh ranoBoro noTOKa, nepeHbCH

merocH '!epen Tpy6hI HJIII KOJIOHKH C cop6eHTOMj d- K0:3cpcp11u11eHT npo

µ;oJihHOH µ;IIcpcpynIIHj IP(T, €, €1, z, 0)- Bbipa)KaeT naBHCUMOCTh cKopocTei"1 

aµ;cop6UIIII n µ;ecop6UIIH OT TeMrrepaTypbI B cpeµ;e, :3cp<peKTUBHbIX napa

MeTpOB B3aIIMoµ;eiicTBIIH c: aµ;aToM-aµ;aToM, c:1 aµ;aToM-AK; a- Ko:3cpcp11-

UIIeHT aµ;cop6UIIIIj Po- paBHOBeCHOe p;aBJieHne, OTBe'!aromee nanoJIHeHIIIO 

IlOBepXHOCTII 0; cpyHKUIIH w ( 0) onpeµ;enHeTCH Bllp;OM ll30TepMbI cop 6u11n. 
KoHKpeTHbIH BIIµ; BCex nepe'IIICJieH}:ibIX nµ;ecb napaMeTpOB II cpyHKUIIi°I npu

BOp;IITCH B µ;IIccepTaQUII ( CM. HII:iKe B nocneµ;yromeM II3JIO)KeHHII). 

BBeµ;eHHhie B (1)-(3) napaMeTphI r0 = k J!J,~.e11
'k, u, = ;t-e11' 0 onpe-

. B 0 

µ;enHIOTCH xapaKTepIICTIIKaMII nepexoµ;Horo COCTOHHIIH ( aKTIIBUpoBaHHoro 

KOMnJieKca), aµ;cop6aTa II TeMnepaTypoi'1 CHCTeMhI. IlapaMeTp 1 CBH3hfBaeT 

Me:iKµ;y co6oi"1 CTaTCYMMbI MOJieKyJihl IIJIII aTOMa B ranoBOi°I cpaae u aµ;cop-

6aTe II IIMeeT panMepHOCTh, o6paTHYIO KOHQeHTpaun11 ("KOHUeHTpar.urn B 

nopax cop6eHTa"). BeJIII'IIIHa Tchem = To IIMeeT panMepHOCTh BpeMeHU 

(HanOBeM ee ycJIOBHO "xIIMII'!eCKIIM"' "xapaKTepllCTll~IeCKIIM" BpeMeHeM 

cop6unII). Kax 6yµ;eT BIIµ;Ho HII:iKe no penyJihTaTaM 'IIICJieHHbIX :3KCilepn

MeHTOB, n0Beµ;em1e pellleHHH CIICTeMbI ypaBHeHm"1 (1)-(3) cymecTBeHHO 

panJIII'!aeTCH npII t ~ To II t > To, T.e. B o6JiaCTHX, panµ;enneMbIX UMeHHO 

BpeMeHeM To. BBeµ;eHIIe 6enpanMepHbIX BeJIII'IIIH V II T no3BOJIHT HaM IIC

cneµ;oBaTb BMecTe µ;Ba B3aHMHO CBH3aHHhIX HBJieHirn: nepeHOC BemecTBa lI 

Me:iK<pa:JHhIH cop6UIIOHHhIH Maccoo6MeH. Mb! TeM caMbIM cornacyeM µ;u
HaMHKY µ;Byx npoueccoB C pa::3HbIMII npocTpaHCTBeHHO-BpeMeHHbIMll Mac

WTa6aMII II3MeHeHIIH napaMeTpOB. CncTeMa ypaBHeHm"1 (1)-(3) µ;onoJIHH

eTcH, B naBIICIIMOCTII OT KOHKpeTHbIX <pII3II'!eCKIIX ycnoBin"1, peammyMbIX 

Ha npaKTIIKe, Ha'!aJihHbIMII II rpaHII'!HbIMII ycJIOBirnMn. B '!aCTHOCTll, µ;mi 
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op;HoMepHoro npon;ecca D = 1 Bhl6upanncb cJiep;y10ru;ne Ha'IaJibHbie u rpa

HII'IHhle ycJIOBIIJI: 

v(e,r = 0) = 0, 

v(e = O,r) = Vo, 

0(e,r = 0) = 0, 

8v(l, r) = 0 
ae ' 

o :Se :S 1; 

0<r:Sl. 

(4), 

(5) 

Y CJIOBU.11 ( 4) OTBe'IaIOT "nycToH Tpy6e" ( UJIU "nycTOH KOJIOHKe"), a ycJIOBII.11 

(5) Bhlpa,KaIOT nop;µ;ep,KIIBaeMbIH Ha Topu;e Tpy6hl IIJIII KOJIOHKH peMUM. 

0TJIII'IUTeJibHhle 'IepTbl npep;JIO)KeHHOH Mop;em1, ypaBHeHH.11 KOTOpOII co

CTaBJI.IIIOT (1)-(3), no cpaBHeHHIO c xopowo m:rneCTHhIMII MO}J;eJI.IIMU p;nHa

MIIKII cop6n;IIII Beru;ecTBa, 3aKJIIO'IaIOTC.II B CJiep;y10ru;eM: 

1) OHa B .IIBHOM BIIp;e Y'IHTbIBaeT B3aHMOp;eIICTBH.II OCHOBHbIX "qmn" CII

CTeMhl aµ;cop6aT_:aµ;cop6eHT, TO ecTb KOJIII'IeCTBeHHO Y'IUTbIBaeT Koppe

JI.IIIl;IIOHHbie acpcpeKThl Me,Kp;y ap;aToMaMII II AK; 

2) npIIrOp;Ha npII KOHKpeTHOM IICCJiep;oBaHIIU npon;eccoB nepeHoca c HC

noJib30BaHIIeM JII06hIX TIInOB H30TepMj 

3) JierKo 0606ru;aeTc.11 B cJiy'IaHX Hep;IIccon;IIaTIIBHOH II p;nccon;naTIIBHOII 

ap;cop6n;IIII II p;ecop6n;IIII. 

O'IeHb Ba)KHO, 'ITO }];JI.II npep;JIO)KeHHOH MOp;eJIII pa3MepHOCTb CHCTeMbl II 

HaJIII'IIIe BHellIHero noll.11 He IIrpaIOT HIIKaKoH pom1. Cyru;ecTBeHHO JIUlllb 'III

CJIO 6JIII,KaHwnx coceµ;e:ii, B3aIIMop;encTBy10ru;nx c p;aHHhIM ap;aTOMOM: )];JI.II 

D = 1 IIMeeM z = 2 - 6JIII,Kanwnx cocep;a, p;JI.11 D = 2 - z = 3, 4, 6 - n 
)];JI.II D = 3 - z = 6~ 8, · · · - 6JIII)KaHllIHX cocep;eu. 

06ru;IIe Bbipa,KeHirn <I>(T, c:, €1' z' 0) II w( 0) KOHKpeTII3IIPYI<?TC.II B pan: 

JIII'IHbIX npII6JIII)KeHII.llX y'IeTa KoppeJI.IIIl;HOHHbIX acpcpeKTOB B aµ;cop6aTe. B 

pa6oTe c n;eJibIO Hap;e,KHOCTII pac'!eTOB II cpaBHeHII.11 penyJibTaTOB npoBe

p;eH aHaJIII3 B paMKax Tpex annpoKcnMan;m':i: npn6JIH,KeHne MOJieKyJI.11pHoro 

noJI.11 (IIMII), KBannxnMII'IecKoe npn6mI,KeHIIe (KXII) II noJIIIHOMHaJibHOe 

pacn;enJiem1e (IIP). B '!aCTHOCTII, }];JI.II KXII IIMeeM: 

1 1- 0( 
apo =-0- 1-r+rexp(-,Bc:))-z, (6) 

r= 
f> -1 + 20 

fJ + 1 
fJ = /(1 - 20)2 + 40(1 - 0) exp (-,Be:), 

<I>(T, c:, t:1, z, 0) = 0(1 + yr y, (7) 

y = exp(,8&)-1, & = €1 - c:. 

§4 nocB.11ru;eH o6o6ru;eHIIIO MOp;eJIII B3aIIMO}J;eHCTBYIOlll;IIX ap;aTOMOB II 

aKTIIBI!pOBaHHhIX KOMnJieKCOB )];JI.II p;IIccon;naTIIBHOH (µ;Byxn;eHTpOBOII) aµ;

cop6n;IIII II p;ecop6n;IIII. IIpnBep;eHa on;eHKa xapaKTepIICTII'IeCKIIX BpeMeH 

<pII3II'IecKOH cop6n;mr n xeMocop6n;IIII. 
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B §5, B Ka'!eCTBe nepBoro npn6JIII,KeHII.ll K onIIcaHIIIO nepeHoca Be

ru;ecTBa, npoBep;eH aHaJIII3 'IIICJieHHhIX penyJibTaTOB }];JI.II <pII3II'IeCKOH aµ;

cop6n;nII ranoB II KOJIII'IeCTBeHHO npoaHaJIII3IIpOBaHa O}J;Ha II3 OCHOBHhIX 

paBHOBeCHhIX xapaKTepIICTIIK Me,K<panHoro cop6n;IIOHHOro 'Maccoo6MeHa: 

1moTepMa ap;cop6n;IIII 0 = </>( ap0 )r = 4>( aP)r. PaBHOBeCHhle pacnpep;eJie

HII.ll KOHD;eHTpan;niI B OTKphITOH cop6n;nOHHOH CIICTeMe aHaJIH3IIpyIOTC.ll B 

Tpex npII6JIII)KeHII.llX y'IeTa KoppeJI.IIIl;I!OHHhIX acpcpeKTOB Me,Kp;y cop6IIpye

MhIMII '!aCTIIn;aMn. MccJiep;oBaHIIe paBHOBeCHhIX pacnpep;eJieHIIH KOHD;eHTpa

n;nu B CIICTeMe npII ~! = 0, npIIBO}J;IIT K CJiep;y10ru;eMy Tpattcu;eHp;eHTHOMY 

ypaBHeHIIIO: 

1~0(1-r+rexp(-,Bc:)r =v. (8) 

°CJIIcJieHHOe peweHIIe ypaBHeHII.ll (8) npII panJIII'IHbIX <pIIKCIIpOBaHHhIX 3Ha

'!eHirnx aHeprIIII B3aIIMop;eHCTBII.ll c:(aB) II TeMnepaTyphl CIICTeMbl ,8 = 
(kBTt 1(aBt1, TaKIIX 'ITO ,Be:= 1.0, 1.5,2.5, cooTBeTCTBeHHO np1rnep;eHo 

Ha pIIc.1.1-1.3. PenyJibTaTbI BbI'IIICJieHIIH no cpopMyJie (8) (T.e. B paMKax 

KXII) IIno6pa,KeHbI cnJIOllIHhIMII KpIIBhIMII, B npn6m12KeHirn IIP-nHaKaMII 

"+" n B IIMII-nyHKTIIpHhIMII JIIIHII.IIMII. PenyJibTaTbI noKanbIBaIOT, 'ITO 

npn MaJihIX aHeprII.llX B3aHMOp;eHCTBII.ll ( T.e. npII ,Be: < 1.0) Bee TpII npH-

6JIII)KeHII.ll p;aIOT npIIMepHO O)];IIHaKOBbIH penyJibTaT. C yBeJIII'IeHIIeM KOH

n;eHTpan;IIII v rana OT HYJI.ll p;o ~ 0.2 Mhl IIMeeM nO'ITII aKcnoHeHD;HaJib

HhIH pocT noKphITII.11 0 p;o ~ 0.9. IlpII v > 0.2 Ha 6oJibllIOM IIHTep

BaJie 3Ha'!eHIIH KOHD;eHTpan;IIII µ;o V' ~ 1.5 Ha6JIIOp;aeM Mep;JieHHbix°I nepe

xoµ; K pe,KIIMY HaChllll;eHII.ll IIOKpbITII.11 0 µ;o ep;IIHIIIl;bI. XapaKTep 3aBIICIIMO

CTII 0(v) cyru;ecTBeHHO MeH.lleTC.ll npII 60JibllIIIX aHeprII.IIX B3aIIMOp;eHCTBII.II 

(,Be > 1.0) Me)Kp;y ap;aTOMaMII. PenyJibTaTbl noKa3bIBaIOT HeO)];H03Ha'IHYIO 

naBIICIIMOCTb 0(v), T.e. CIIJibHhle B3aIIMO)];eHCTBII.II Me)Kp;y cop6IIpyeMhIMII 

'IaCTIIIl;aMII npIIBO)];.llT K cyru;ecTBeHHO HeJIIIHeHHOH naBIICIIMOCTII CTeIIeHII 

nanoJIHeHII.ll IIOBepXHOCTII OT KOHD;eHTpan;IIII B ra30BOII <bane. 

BTopa.11 rJiaBa IIOCB.11ru;eHa 'IIICJieHHOMY II3y'IeHHIO )];IIHaMIIKII nepeHoca 

rana C y'IeTOM BJIII.IIHII.ll "aKTIIBHOH IIOBepXHOCTII". Ha OCHOBe KBaHTOBO

CTaTIICTII'IeCKOro ra?vIIIJibTOHIIaHa II3IIHrOBCKOro TIIIIa )];JI.II OTKphITOH CII

CTeMhl aµ;cop6aT-aµ;cop6eHT Moµ;eJinpyeTc.11 nepeHoc rana cop6upy10-

ru;IIxc.11 '!acTnn;. C noMOlll;bIO npeµ;Jio,KeHHOH B rJiaBe 1 Mop;eJIII BnauMoµ;eiIJ 

CTBy10ru;nx aµ;aTOMOB II aKTIIBIIpOBaHiihIX KOMIIJieKCOB 'IHCJieHHO uny'IeHa 

µ;IIHaMHKa nepeHoca rana no Tpy6e c cop6eHTOM. YpaBHemre nepeHoca 

(MaTepIIaJibHOro 6anaHca) )];JI.II KOHD;eHTpan;IIII rana B IIOTOKe 'IIICJieHHO pe

waeTC.ll COBMeCTHO C KIIHeTII'IeCKIIM ypaBHeHIIeM )];JI.II noKphITII.11 noBepXHO

CTII, KOTopoe HeJIIIHeHHO naBIICIIT OT KOHD;eHTpan;IIH rana. ,I(JI.11 Heµ;ucco

n;naTIIBHOH (qmnII'IecKoii:) aµ;cop6n;nn II µ;ecop6n;nn npII BpeMeHax r :S r0 

Bbl.llBJieH CKphITbIH MexaHII3M o6pa30BaHII.ll KOHD;eHTpan;noHHbIX BOJIH, o6y-
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cnoBJieHHhIM BJIIDIHIIeM a.KTIIBHOM noBepXHOCTII. IlpoBeµ;eH aHamm µ;1rna

MIIKII nepeHOCa B o6nacTII COBMeCTHOI'O BJIIIJIHIIJI BHenrneµ;mpq>ynnoHHOII 

KIIHeTIIKII II npoµ;oJibHo:ii µ;mp<pynIIII . .IJ:n.a panJIII"IHhIX nHa"IeHIIH napaMeTpa 

B:JaIIMOµ;eiicTBIDI aµ;aTOM-aµ;aTOM /Jc:, KOaq>q>IIUIIeHTa npoµ;OJibHOII µ;n<p<py

:JIIII d, npoµ;onbHo:ii cxopocTII ranoBoro noToKa v II "IIIcna 6nn:llmiiurnx 

coceµ;eii-aKTIIBHbIX ueHTpOB Ha IIOBepXHOCTII z IIOJiy"IeHbl penyJibTaTbI "III

CJieHHOI'O peIIIeHIDI CIICTeMbI HeJIIIHeHHbIX ypaBHeHIIH HepaBHOBeCHOII µ;IIHa

MIIKII cop6unn. 

§1 TIOCB.Hill;eH aHaJIIITII"IeCKOMY nccneµ;oBaHIIIO CIICTeMbI HeJUIHelIHbIX 

µ;u<pq>epeHIJ;llaJibHbIX ypaBHeHIIM p;IIHaMIIKII cop6UIIII B npn6m1;KeHIIH JleH
I'MIOpa. 

B §§2 n 3 BhIJIBJieHbI oco6eHHOCTII µ;nHaMIIKII cop6unn BnanMoµ;e1ICTBy

IOIII,IIX "IaCTIIU B o6naCTJIX T > To n T :$ To ( To-xapaKTepIICTII"!ecxoe, 

"xnMII"Iecxoe BpeM.a" cop6unII). Ilony"IeHHaJI B rrpeµ;hrµ;yIII,en rnaBe cncTeMa 

HeJIIIHeHHbIX µ;II<pq>epeHUIIaJibHbIX ypaBHeHIIH B "IaCTHbIX rrpOII:JBOp;HbIX µ;JI.a 

npouecca cop6UIIII rana IIJIII napa BeIII,eCTBa, KOTOpbIH c rrocTOJIHHOII cxo

pocTbIO nepeHOCIITC.H "Iepen Tpy6bl IIJIII KOJIOHKII c cop6eHTOM (nµ;ecb Mb! 

orpaHII"IHMc.a cny"!aeM D = l) BKJIIO"!aeT B ce 6.a cneµ;y10III,ne ypaBHemrn: 

1) ypaBHeHIIe MaTepIIaJibHOI'O 6anaHca BeIII,eCTBa ccip6IIpyeMOI'O KOMTIO-
HeHTaj 

2) ypaBHeHIIe BHeIIIHeµ;IIq>q>Y3IIOHHOM KIIHeTIIKIIj 

3) yp_aBHeHIIJI II30TepMbI, a TaK)Ke Ha"IaJibHble II rpaHII"IHble ycJIOBIIJI. 

HanBaHHaH cIIcTeMa ypaBHeHIIH B o6III,eM BIIµ;e nanIICbIBaeTc.a TaK: 

av 80 av 82v 
8T + 8T + V ae = d ae2 ' (9) 

0 < l < k1, 
t 

0 < T = - :$ k2, k1, k2 2: 1, 
To 

80 { V } a= Vads -Vdes = - -1 <I>(T,c,c1,z,0), 
T apo 

(10) 

0 = </>(apo)T, _1 = '11(0), 
apo 

(11) 

v(e, 0) = 0, 0(l,0)=0, 0 :$ l :$ k1, (12) 

v(0,T) = a(T) = v0 , (13) 

8v(k1 , T) = 
0 

ae ' 
0 < T :$ k2. (14) 

AHanIIn np.aMbIX pac"!eTOB ypaBHeHIIH (9)-(14) HepaBHOBecHoii p;IIHa

MIIKII cop6UIIII yKa:JbIBaeT, "ITO 3BOJIIOUIIJI B3aIIMHO CBJI3aHHbIX IleJIII"IIIH 
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0(l1T) II v(tT) B Ha"IaJihHOM aTane npouecca cop6UHII (T < 1.0) HO

CH~ cyIII,eCTBeHHo HeJIIIHeHHhIH, Heperyn.apHbIII xapaKTep ( TO ecTb B en-
' CTeMe B03HIIKaeT xapaKTepIICTII"!ecKoe, "xIIMII"Iecxoe" BpeMJI Me:iKq>a:JHOI'O 
I 

cop6UIIOHHOI'O Maccoo6MeHa). KpoMe TOI'O, C yBeJIII"IeHIIeM aHepnm B3aII-

M6µ;eiicTBIIJI aµ;aTOMOB ( T.e. npII /Jc > 1.0) pacTeT CKOpOCTb rrepeMeIII,eHirn 

<t>poHTa KOHUeHTpaUIIOHHOH BOJIHbI B IlOTOKe. AHaJIOI'll"IHaH KapTIIHa Ha-

6f!IOp;aeTCJI II p;JI.H CTeIIeHII 3aTIOJIHeHII.H IlOBepXHOCTII 0( e, T) ( npn /Jc = 1.5, 

x/npIIMepy, Mb! rrpIIXOp;IIM K 60JibIIIeMy 3Ha"IeHIIIO HaCbIIII,eHirn 0., ~reM rrpu 

1
1€ = 1.0). ' 

IlpoBeµ;eH aHaJIII:J cucTeMbl HenIIHeHHhIX ypaBHemu1 (9)-(14) B 06-

racT.ax t :$ To C UeJibIO BbIJIBJieHII.H aq>q>eKTa B03HIIKHOBeHUlI "XUMII"Ie

CKOI'O" BpeMeHII II ero BJIIIJIHHJI Ha npouecCbI irepeHoca B HepaBHOBe-

l cHOH aµ;cop6upy10III,eH CIICTeMe. "l!ncneHHbie pac"!eTbI 6h!nn BhinonHeHbI 

/ npu pannU"IHbIX nHa"!eHII.HX napaMeTpoB BnanMoµ;ei'rcTBIIJI aµ;aT011-aµ;aToM 

/ /Jc:, aµ;aTOM-AK ~& = /3(c: 1 - c:), xoa<p<pnuneHTa npoµ;onbHOII µ;nj><l>Y-

/ 3IIII d, u npoµ;onhHOII CKOpOCTII I'a:JOBOI'O IlOTOKa V lI "IIICJia 6nn;1-.anrnnx 

I coceµ;eII-aKTIIBHbIX ueHTpOB Ha IIOBepXHOCTII z. 
, '"l!To6bl "IeTKO Bbip;enIITb BKJiaµ; Ka:iKµ;oro II:3 BbIIIIenepe"IIICJieHHbIX napa-

MeTpOB Ha µ;nHaMHKY nepeHoca aµ;cop6upyIOIII,IIXCJI "!aCTIIU, BCe pac"!eTbI 

npoBoµ;nnIICb npn oµ;nHaKOBOM IlOCTOJIHHOM nHa"IeHim KOHIJ;eHTpaunn rana 

Ha Bxoµ;e B Tpy6xy v(l = 0, T) = v0 = 0.2. 3Ha"!em1e v0 = 0.2 BbI6npa

nocb Ha OCHOBe µ;aHHbIX §4 rrpeµ;hIµ;yIII,eii rnaBbI, rµ;e 6bIJIU pace:t.mTpeHbI 

CTauuoHapHbie :JHa"IeHHJI IIOKpbITUJI rrpu naµ;aHHOM paBHOBeCHOM pacrrpe

µ;eneHUU KOHUeHTpaunu rana, T.e. xorµ;a ~! = 0. Kax rroKanbIBaIOT pe

nyJibTaThI orrpeµ;eneHIIJI II:JOTepMbI rana µ;n.a panmI"IHbIX q>IIKCIIpOBaHHbIX 

nHa"!eHnii aHepruu B3aIIMoµ;eiicTBHJI aµ;aTOMOB c:(aB) n TeimepaTyphI cn

cTeMbl /3 = (kB Tt 1 ( aB t 1
, naBIICHMOCTb 0( v) rrpn 6oJihIIIIIX aHepr1rnx Bna

IIMoµ;e:iicTBUJI Me:iKµ;y aµ;aTOMaMII CTaHOBHTCJI HeOp;H03Ha~rn011, T.e. CIIJib

Hble B3aIIMoµ;eiicTBIDI Me:iKµ;y cop6npyeMbIMII "!aCTIIUaMn rrp1rnoµ;nT K cy

III,eCTBeHHO HeJIIIHeMHOH naBHCllMOCTll IIOKpbITIIlI OT KOHIJ;eHTpari;nu ( TaKaJI 

naBUCIIMOCTb aHaJIOI'U"!Ha pe:iKuMy "CTpaHHbIX aTTpaKTopoB" B Teopuu He

lIIIHeHHbIX BOJIHOBbIX rrpori;eccoB). Cneµ;oBaTeJibHO, OCHOBbIBaHCb Ha 3TH pe

nyJibTaTbI B rrepByIO O"Iepep;b 6bIJill nccneµ;oBaHbI aBOJIIOIJ;IIU KOHIJ;eHTpauun 

I'a:Ja v( e, T) II IIOKpbITlilI IIOBepXHOCTII 0( e, T) B 3aBIICHMOCTII OT IIapaMe

Tpa /Jc. 
. Ha pIIc.2.1-2.3 rrpeµ;CTaBJieHbI penynbTaTbI "IIICJieHHOI'O pernemrn 

CHCTeMbI ypaBHeHIIM (9)-(14) µ;n.a Il.HTII MOMeHTOB BpeMemr: r = 
0.2, 0.4, 0.6, 0.8 n 1.0. PenynhTaThI, npeµ;cTaBneHHbie Ha puc.2.1-2.3, nony

"!eHbI npn q>IIKCIIpoBaHHbIX 3Ha"IeHirnx f38c: = 0.5, d = 0, V = 1, z = 4 II co

OTBeTCTBeHHO cneµ;yIOIII,IIX :JHa"!eHIIJIX napaMeTpa B3aUMOµ;e11cTBillI MeJKµ;y 

cop6IIpyeMbIMH "IaCTIIUaMII /3c = 1.0, 1.5, 2.0. Bnµ;Ho, ~rTo c yBemI"!eHneM 
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napaMeTpa /31:: (TJcr = /31:: > 1.5) KOHI~eHTpau;noHHbIII npocpmn, B ranoBoII 

<pane OTK1IOH.!IeTC.!I OT paBHOMepHoro l1 npHHHMaeT cpopMy CKa~IKa. AHano

rnqHble KapTlIHbl 6brnll o6Hapy.iKeHbl u npu yBennqeHHU /361:: mm z, q>IIKCU

PY.!I npn aToM ;a;pyrne napaM~TpbI cucTeMbI. TaKIIM o6panoM, B paMKax uc

cne;a;yeMoi'i MOp;enII, O)];HOnHaqHo Ha6moµ;aeTC.!I BOnHIIKHOBeHIIe KOHD;eHTpa

D;HOHHbIX BOnH npn yqeTe cnnbHbIX BnaIIMoµ;eiicTBmt B a;a;cop6aTe. Cne;a;yeT 

OTMeTHTb, qTQ CKaqKn KOHD;eHTpau;IIII HMeIOT MeCTO npu TeX )Ke nHaqe

HlI.!IX /31::, Kor;a;a B CIICTeMe IlO.!IBJI.!IeTC.!I "cTpaHHbllI aTTpaKTop". To eCTb 

HMHD;O onpeµ;eJieHHaJI KoppeJI.!ID;lI.!I Me.iKp;y 0THMH l];BJM.!I pe)KUMaMII. CyIQe

CTBeHHO, qTo cKaqKoo6panHoe noBep;eHIIe KOHD;eHTpau;nn B nOToKe orpaHII

qeHo cop6u;noHHbIM BpeMeHHbIM lIHTepBMOM t ~ To- B o6JiaCT.!IX T > 1.0 

(t > To), KaK J.iKe OTMeqeHO BbIIIIe, Mbl 6yp;eM HMeTb paBHOMepHoe pac

npeµ;eJieHIIe v( e, T) IlO BCeM l);JIIIHe Tpy6KH. AHMUn IlOJiyqeHHbIX penyJibTa

TOB ;a;aeT OCHOBaHH.!I npeµ;noJIO.iKHTb O CKpbITOM MexaHHnMe <popMnpoBaHII.!I, 

BOJIH KOHD;eHTpau;nii, o6ycJIOBJieHHOM BJIII.!IHHeM aKTlIBHOII IlOBCpXHOCTlI. 

,Il;anee IIccne;a;oBaH nepeHOC rana B o6JiaCTH COBMeCTHOro BJIIIHHII.!I BHe

IIIHeM II npoµ;oJibHOM p;II<p<pymut npH nHaqeHII.!IX Koa<p<puu;neHTa ;a;ucp<pynnu 

d = 0.001, 0.05, 0.5 H q>IIKcnpoBaHHbIX nHaqeHnii /31:: = 2.0, /3& = 0.5, v = 1, 

z = 4. IloJiyqeHo, qTo npu MMbIX nHaqeHHHX d < 0.1 JIIIMIITnpy101Qeii: 

cTa;a;neii no-npe.iKHCMY .!IBJI.!IeTc.!I BHCIIIH.!I.!I µ;n<p<pynirn. O;a;Ha.Ko c yBeJinqe

HIIeM d '> 0.1 KOHD;eHTpau;noHHbie CKaqKn nocTeneHHO crJia.iKIIBa.IOTCH nn-na 

npeo6Jiaµ;amrn npoµ;oJibHOM ;a;n<p<pymm Hap; BHeIIIHe;a;u<p<pymmHHbIM Macco

nepeHocoM. To CCTb B ;a;aHHOM o6JiaCTII HnMeHeHHH napa.MeTpOB CIICTeMbI 

npop;OJibHaJI ;a;n<p<pynn.!I CTaHOBIITC.!I JIIIMIITIIPYIOIQeii CTaµ;nei'I npou;ecca. 

B §4 Ha OCHOBe no;a;xo;a;a 06 aKTHBIIpOBaHHOM KOJl,UIJieKce, l(aK nepexo

)];HOM COCTO.!IHUII KIIHeTIIKII cop6u;nu, IICCJiep;oBaH nepeHOC qacTIID; rana, 

cop6npyeMbIX aKTHBHOM noBepxHOCTbIO u 1myqeHo BmrnHHe AK Ha. npo

u;eccbr nepeuoca. IloJiyqeHbI KOJIIIqecTBeHHble KplIBbIC )];JIH IWHD;CHTpau;nII 

rana II CTeneHII naIIOJIHeHH.!I IIOBepxHOCTII B naBIICIIMOCTH OT acp<peKTIIBHbIX 

napaMeTpOB BnaIIMop;eMCTBHH /31:: aµ;aTOM-ap;aTOM II /361:: a.;a;aTOM-a.KTlIBH

poBaHHbIH KOMllJieKc. BbI.!IBJICHbl II npoaHannnnpoBaHbI pe.iKIIMbI o6pano

BaHII.!I KOHD;eHTpau;IIOHHbIX BOJIH. HecMOTp.!I Ha TO, qTo BKJia.p;bI a<p<peKTII

BHbIX napaMeTpOB /30£ II /3€ Ha 8BOJIIOD;IIIO 0( e, T) B paMKaX TpeX BbIIIIeHa

nBaHHblX annpOKCIIMau;nii KOppe11.!ID;HOHHbIX a<p<peKTOB noµ;qnH.!IIOTC.!I IIO

qTn Op;IIHaKOBOMY 8KCllOHeHD;UMbHOMY na.KOHY, IIOJiyqeHo, qTo unMeHeHHe 

/3& ue BmrneT Ha ;a;xrnaMnKy noKpbITII.!I 0(t, T). cho yKanbrnaeT Ha To, qTo, 

BO-nepBbIX, naIIOJIHeHIIe IIOBepXHOCTII a;a;aTOMaMH npmmoi'rµ;eT IIOCJie o6pa

noBaHII.!I "<panbI" aKTHBHpOBaHHOro COCTO.!IHII.!I II, BO-BTOpbIX, qTQ IICCJieµ;y

eMaJI Mop;eJib xopOIIIO OIIHCbIBaeT OCHOBHbie CBOMCTBa cop6npy101Qero rana. 

AHanun penyJibTaTOB TaKiKe IIOKanbrnaeT, qTo o6panoBaHIIe KOHD;eHTpa

D;HOHHbIX CKaqKQB npo11cxop;IIT npu nHaqeHII.!IX /31:::;:::; 0.1 7 0.5 II /3& < T/cr· 
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,il;JIH nccJieµ;yeMoii 6enaKTHBaD;HOHHoii <p1m11qecKoii a;a;cop6u;un c He6onb

IIIIIMII aueprII.!IMH BnaHMop;eiicTBII.!I aµ;aTOMOB IIOCJiep;Hee npe;a;cTaBn.!IeTC.!I 

• • 6oJiee OIITHMMbHbIM pe:lKHMOM Bon6yiKp;eHH.!I BOJIH KOHD;eHTpaD;Hii. TaKIIM 

o6panoM, BKJiaµ; aKTHBIIpoBaHHbIX KOMIIJieKCOB Ha )];IIHaMIIKY nepeHoca rana 

TaK:lKe Ba:lKeH l);JI.!I <popMupoBaHH.!I KOHD;eHTpaD;HOHHbIX BOJIH B CIICTeMe II 

OH B ;a;eiicTBHTeJibHOCTII HeCKOJibKO yMeHbIIIaeT TIO cpaBHeHHIO c· T/cr Bep

XHIIM aHepreTnqecKirii npe;a;eJI IIX o6~anoBaHII.!I na cqeT BnanMop;eiicTBII.!I 

aµ;aTOMbI-AK. 

B §5 npeµ;cTaBJieHbl qncJieHHble penyJibTaTbl BOnMmKHOCTH cyIQeCTBO

BaHH.!I nopora )];JI.II HaCbIIQeHHII naIIOJIHeHIIH IlOBepxHOCTII B naBIICIIMOCTII 

OT a<p<peKTIIBHOro napaMeTpa BnauMop;eIICTBH.!I aµ;aTOMOB B cop6upy101Qeii 

CIICTeMe. 

PenyJibTaTbl BblqIIcJieHuii 1moTepMbI rana, npuBep;eHHble Ha puc.1.1-1.3, 

IIOKa:JbIBaIOT, qTo HnOTep?:1'.bl aµ;cop6u;nu npn 60JibllIIIX nHa.qeHirnx /31:: npH

HHMaIOT S-06panHy10 <popMy. <PopMa IInoTepMbI )];JI.II npmmBOJibHm"r a.;a;cop-

6Hpy101Qeii cpep;bl onpeµ;eJI.!ICTC.!I aHeprneii BnaIIMOl];CMCTBII.!I aµ;aTOMOB B ·cn

CTeMe a;a;cop6aT-aµ;cop6eHT. 06IQeIInBeCTHO, qTo TaKaJI <popMa YKa:JbIBaeT 

Ha cyIQeCTBOBaHne paBHOBeCH.!I Me)K;a;y )];BJM.!I <panaMH ll COOTBeTCTByeT <pa

noBOMY nepexo;a;y nepBoro po;a;a (HanpuMep, nepexo;a;y :lKIIp;K~CTb-nap), rµ;e 

OCHOBHYIO pOJib nrpaIOT CIIJibl npIIT.!I:lKeHirn Me:lKp;y MOJieKyJiaMU. C ;a;pyroii 

CTOpOHbl, S-o6pa3Hble nnoTepMbI aµ;cop6u;nn Bbipa:iKaIOT CTpeMIITeJibHOe 

nanoJIHeHIIe noJiocTn a;a;cop6eHTa (HanpIIMep, npu a;a;cop6u;uu ranoB ua no

BepxHocTn u;eoJIIITOB), II 6bICTpaJI a,i;cop6u;n.!I KaK pan II 06.!InaHa CIIJibHblM 

BnauMop;eiicTBII.!IM (npIIT.!I:lKeHH.!IM) qacTIID; B a;a;cop6aTe. IlpIIMeH.!I.!I pe

nyJibTaTbI qIIcJieHHOro peIIIeHII.!I CIICTeMbl ypaBHeHIIM (9)-(14), IIOJiyqeH

Hbie )];JI.II q>IIn11qecK011 a;a;cop6u;nII ranoB, noJiyqIIM cJieµ;y101Qy10 op;HonHaq

HYIO naBIICIIMOCTb MaKCIIMMbHOro nHaqeHII.!I (HaCbIIQeHirn) a;a;cop6u;1rn 0. 
( CTeneHH nanOJIHeHII.!I IIOBepXHOCTH) OT lIHTeHCIIBHOCTII BnanMop;e11cTBII.!I 

aµ;aTOMOB /31:: (puc.3) Mn puc.3 HeTpyp;Ho BHp;eTb qTo BnanMo;a;eiicTBIIC a;a;a

TOMOB cyIQeCTBeHHO BJIII.!IeT Ha npou;ecc aµ;cop6u;IIn, n yBeJinqeune napa

MeTpa /31:: npnBO)];IIT, COOTBeTCTBeHHo, K 6oJibllIUM nHaqeHII.!IM aµ;cop6D;IIU 

rana. IIpoBep;eHHbIM aHanIIn TaK:lKe IIOKa:JbIB~eT, qTo BpeM.!I t. ;a;ocTII)KeHirn 

MaKCUMMbHOro nHaqeHH.!I 0. a;a;cop6n;IIH p;n.!I Tex :lKe :JHaqeHIIIUI /31:: CTpeMn

TeJibHO na;a;aeT C poCTOM /31:: (pnc.4). Mn 8TUX penyJibTaTOB HeTpy;a;uo 

BHp;eTb, qTo cyIQeCTBJeT· nopor T/cr = (/3t:)cr > 1.0 p;JI.!I nHaqeHm"r /3c, B 

naBUCHMOCTII OT KOToporo CTeneHb naIIOJIHeHH.!I IlOBepXHOCTII )];OCTIIraeT 

npe;a;enbHoe nHaqeHne 0 --t l. oqeHb 6blcTpo. To ecTb BnanMoµ;ei'rcTBH.!I 

a;a;cop611poBaHHblX aTOMOB IIJIH MOJieKyn B HepaBHOBeCHOM CIICTCMe IIpHBO

p;lIT K 6blcTpoii a;a;cop6u;11u II K 6oJiee BbICOKHM nHaqeHH.!IM 0 •. B o6naCT.!IX 

/3 2'.: T/cr, KaK BH)];HO un PIICJHKOB 3 II 4, KpIIBaJI naBHCHMOCTH 0. = f ( T) c yBe

JIIIqeHHCM /31:: npeTepneBaeT CKaqoK OT 0. = 0 µ;o 0. ~ 1 npn T < l. TaKaJI 
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KapTHHa aµ;cop6IIHH rana COOTBeTCTByeT aKcrrepuMeHTaJlbHbIM µ;aHHbIM B 

IIeorruTroc. KaK mrnecTHO, aµ;cop6IIHJI MHorux ranoB (HarrpuMep, 0 2 , N 2 , 

Ar, Xe II T.µ;.) Ha IIeomITHhIX aµ;cop6eHTax xapaKTep1my10TcJI 6blcTpbIMH 

CKOpOCTJIMH. Cpeµ;II µ;pyrux q>aKTOpOB ( TaKIIX KaK TeMrrepaTypa, panMep 

"!aCTIIII, µ;aBrreHIIe II T.µ;.) HeMarroBa:lKHYIO porrh 3µ;ecb IIrpaeT B3anMoµ;ei'I

CTBIIJl -qacTIIII B aµ;cop6aTe. B pe3yITbTaTe 6hICTpoii aµ;cop6IIIIII Ha BHe

WHeH IIOBepXHOCTII Ha6rrroµ;aeTCJI CKa"IoK, oco6eHHO B crry-qae aµ;cop6IIIIII 

rrpII Hll3KIIX TeMrrepaTyproc. 8TOT cKa"IOK CBJI3aH C aµ;cop6IIneii Ha BHeWHeii 

IIOBepXHOCTH KpIICTaJIITOB II M0)KeT IICIIOJib30BaTbCJI µ;rrJI orrpeµ;erreHHJl yKa-

3aHHOH rroBepxHOCTH. TaKHM o6panoM, MhI Ha6rrroµ;aeM xopowee corrracue 

"IHCITeHHbIX pe3yITbTaTOB C HeKOTOpbIMH aKcrrepHMeHTaJlbHbIMH pe3yrrhTa

TaMII no µ;IIHaMII"!eCKOH aµ;cop6IIIIII ranoB B IIeOmITHbIX aµ;cop6eHTaX. 

B TpeTbeH rrraBe npoBOµ;IITCJl 'iIICITeHHOe Moµ;errHpOBaHIIe rrpoIIeCCOB 

MaccorrepeHoca B aµ;cop6IIIIOHHOH cIIcTeMe crry"<IaiiHo B3aHMoµ;ei'1cTByrowux 

aµ;aTOMOB. IIorry"<IeHHble B rrpeµ;h1µ;ywIIx rrraBax pmyrrhTaThI no 1my"<Ie

HIIIO µ;IIHaMIIKII nepeHoca ra3a , 0606wa10TCJI, rrorraraJI CTOXaCTil'iHOCTb 

aµ;cop6IIIIOHHhIX npoIIeccoB B oTKpbITOH cIIcTeMe. CToxacTII'ieCKIIII rrpo

IIecc B cIIcTeMe aµ;cop6aT-aµ;cop6eHT Moµ;errIIpyeTCJI BBeµ;eHIIeM BpeMeH

HhIX II rrpocTpaHCTBeHHhIX crry-qaHHhIX B3aIIMoµ;e11c::TBIIH aµ;aTOM-aµ;aTOM 

(17 = /3£, /3 = (kBTt 1 ) II aµ;aTOM-aKTIIBIIpoBaHHhIH KOMrrrreKc (17i = /3c1). 

§1 IIOCBJIWeH o6cy:lKµ;eHIIIO IlOCTaHOBKII 3aµ;a'III H Moµ;errIIpOBaHHIO crry

"!aHHbIX _npoIIecco:13 B aµ;cop6IIIIOHHOH cIIcTeMe. 
B §§2 II 3 II3y"<IeHa p;IIHaMIIKa rrepeHoca ra3a B cop6IIIIOHHOII cncTeMe 

npII crry"<IaHHbIX BpeMeHHbIX II rrpocTpaHCTBeHHblX B3aIIMoµ;eHCTBUJIX aµ;a

TOMOB. IlpII 9TOM IICcrreµ;oBaHbl KaK rrpocTpaHCTBeHHOe 

1J -t 17(() = 110.+ ij(f}, 1]1 -t 111([) = 1]10 + fi1(O, 

TaK II BpeMeHHOe, 

1J -t 17(r) = 1Jo + ij(r), 1]1 -t 1J1(r) = 1]10 + i/1(r), 

crry-qaHHble B3aIIMOµ;eiicTBIIJI B CIICTeMe. B rrp1rneµ;eHHbIX Bblpa)I,eHIUIX 1Jo, 
1]10-CYTh IIOCTOJIHHbie BeITII"IIIHhI, 3aµ;arowIIe BepxHIIe npeµ;errhl IIHTeHCII

BHOCTeii B3aIIMoµ;eiicTBIIJI aµ;aToM-aµ;aToM II aµ;aToM-AK (170 =< 1J >, 
1]10 =< 1]1 >) II ij, fi1 JIBITJIIOTCJl crry"<IaHHbIMII BeITII"IIIHaMII ( < ij . >= 0, 
< fi1 >= 0). B "IIICITeHHbIX pac"<IeTaX Moµ;errIIp0BaJIIICb pan.mI"IHbie pac

npeµ;erreHIIJl crry"<IaHHhIX B3aIIMoµ;eiicTBIIH B CIICTeMe: 

ij = (2ii - l)cro, fi1 = (2ii - l)o-10, 

rµ;e o-0 = f, o-10 = !lj!, k = l, 2, · · ·, 10 II ii-aTo crry"<IaiiHoe "<IIIcrro, rrpH

HIIMarowee B npocTpaHCTBeHHOM II BpeMeHHOM IIHTepBanax 3Ha"<Ierurn OT 0 
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µ;o l. Pacnpeµ;erreHIIe ii :Jaµ;aeTcJI reHepaTopoM crry"<Iai'rnhlx -queen, rrpn"!eM 

OHO paBHOMepHo B IIHTepBane [0-;- l]. 
Cu:cTeMa HerrIIHeHHhIX ypaBHeHHII (9)-(14) rrpn D = l B Tpex BhIWerre

pe"IIIcrreHHhIX npu:6rrII:lKeHIIJIX y"<IeTa B3aIIMOµ;eiicTBIIJI Me:iKµ;y aµ;aTOMaMn 

6blrra peweHa "IIICITeHHO KOHe'!HO-panHOCTHbIMII MeToµ;aMU Ha 8B:M. 8Bo

ITIOIIIIJI KOHIIeHTpaIIIIH < v( e, 7) > II < 0( e' T) > rrpn BpeMeHHbIX crry"<IaII

HbIX B3aHMOµ;ei'ICTBHJIX aµ;aTOMOB II3y'lanacb Ha µ;ocTaTO"IHO 6orrbWIIX rrpo

Me:iKyTKroc BpeMeHII 7 > > 1, ( t > > To) n paccTOJIHUJIX e > > 1, ( :r > > L). 
Pac"!eTbI npoB0µ;1mIIcb rrpn pamIII'iHhIX nHa'ieHirnx rrapaMeTpoB /ko II /3£10 . 
IlpII O"IeHb 6bICTpbIX H3MeHeHIIJIX /3£ II /3£1 ( CM. pnc.5) CUCTeMa ,, He ycrre

BaeT" pearIIpoBaTb, II B IITOre Mb! rrorry'IHM TY )Ke KapTIIHY 9BOITIOIIIIII 

v((,r) II 0(e,r), "ITO II nplI /3£,/3£1 = canst. IloaTOMY crry"<IaIIHble 3Ha"!e

HHJI /3£ II /3£1 BbI6IIparrHCb C HeKOTOpOII 3aMeTHOI
0

I rrpoµ;OJI)KIITeJihHOCTbIO 

r* = Kb.r, rµ;e b.r- war·µ;ucKpeTimaIInII panHocTHoii: cxeMbI n J{ >> 1 

( CM. pIIc.6). Pac"!eTbI 6hIITII BbIIIOJIHeHhI µ;rrJI 3Ha"!eHIII°I K = 100; 500; 1000 

n 10000, II p;IIHaMIIKa CHCTeMbI BO BCex crry"<IMX IIO"ITII oµ;IIHaKOBa. KaK 

IIOKa:JbIBaIOT rrorry'ieHHhie penyrrhTaTbI, KOHIIeHTpaIIIIII B ra.JOBOtI IIOTOKe 

II B cop6eHTe co BpeMeHeM MeHJIIOTCJI CKl_l,"IK006panHO. B TeX TO'II..:ax, rµ;e 

yBeITII"IIIBaeTCJI 3Ha"!eHIIe IIOKpbITIIJI < 0( (, 7) > IIOBepXHOCTII, IIp0IICX0p;IIT 

yMeHbWeHHe KOHIIeHTpaIIIIII < v(e,r) > B ranOBOM IIOTOKe. 

lfoy-qeH cToxacTII"<IeCKHII nepeHoc rana rrpn B3aI1Moµ;ei1cTBI1lIX aµ;aTo

MoB, crry-qaMHbIX B npOCTpaHCTBe .. Ilpn BCeX 3Ha'ieHillIX /3t:o < 1]cr Mbl 

Ha6rrroµ;aeM O"IeHb 6bICTpbie CKa"IKOo6panHble Il3MeHeHillI K0HIIeHTPaIIIUI B 

cop6eHTe, 3a KOTOpbIMII He ycrreBaeT pearIIpOBaTb KOHIIeHTpa,IIIIJl Bra.Jo

BOM q>ane. 8BOITIOIIIIJI < v( e, 7) > rrpoucxoµ;IIT IIO"ITII paBHOMepHO. TaKIIM 

o6panoM, BBeµ;eHIIe rrpocTpaHCTBeHHO-BpeMeHHbIX crry"<Iai°IHhIX B3RUMoµ;ei'1-

CTBIIM B CIICTeMe aµ;cop6aT-aµ;cop6eHT cywecTBeHHbIM o6pa30M BJIIIJIIOT 

Ha npoIIeccbI nepeHoca. Oµ;HaKo BpeMeHHM II rrpocTpaHCTBeHHM cToxa

CTII"IHOCTh rrplIBOp;JIT K COBepweHHO panrrII"IHbIM pe)KIIMa.M q>opMnpoBa.HillI 

KOHIIeHTPaIIIIOHHbIX BOITH B CIICTeMe. IlplI crry'l:aIIHbIX BpeMeHHbIX Il3Me

HeHUJIX aq>q>eKTIIBHbIX rrapaMeTpOB B3a1IMOµ;ei'1cTBIIlI a.µ;a.TOM-a.µ;aTOM II 

aµ;aToM-AK npo1Icxoµ;JIT cKa'!Koo6panHhle BpeMeHHhle II:.JMeHemrn KOHIIeH

TPaIIIIM KaK B ranoBoii q>ane, TaK II B aµ;cop6aTe. B crry'iae )Ke B3a.nMoµ;ei'1-

CTBIIJIX aµ;aTOMOB, crry-qaHHbIX B rrpocTpaHCTBe, B aµ;cop6aTe B036y:iKµ;a

IOTCJI O"!eHh 6bICTpbie KOHIIeHTpaIIIIOHHbie CKa."IKII, Torµ;a. Ka.K KOHIICHTpa

IIIIJI B ranOBOH q>ane IIO"ITII He ycrreBaeT 3a aTIIMII I13MeHeHillIMII. Ba)I,HO, 

"ITO KOHIIe~TpaIIIIOHHble BOITHbI, reHepupyeMble rrpu crry-qai°IHbIX BpeMeH

HbIX II rrpocTpaHCTBeHHbIX B3aHMoµ;ei'ICTBIIJIX aµ;aTOMOB, npeµ;cTaBJilIIOT co-

6oii µ;ocTaTO"IHO µ;orrrmKIIBYWIIe II ycTOII"IIIBble o6panoBa.HnlI B oTKpbITOII 

cop6npyroweii cIIcTeMe. 

B §4 HccrreAOBaH µ;ByMepHhIH rrepeHoc rana c r1eToM cToxacTil'iHOcTn 
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aµ;cop6QIIOHHbIX npoueccoB II noITy<IeHbl KapTIIHbl o6panoBaHIUI KOHQeH

TpaQIIOHHbIX BOITH B OTKpbITOII ClICTeMe. Ilp1rnoµ;HTCH cpaBHeHIUI µ;nHaMUKll 

aBoITIOUIIll KOHQeHTpaunoHHhIX BeITn'IIIH B ID II 2D cop6uuoHHhIX cToxa

CTH'!ecKnx CHCTeMax. PetJyITbTaTbl, noITy'leHHble B §§2 n 3, nµ;ecb o6o6rn;a

IOTCH TOITbKO µ;ITH 2D npocTpaHCTBeHHbIX CITy'laIIHbIX B::JaUMoµ;ei'1cTBIUIX. 

AHamm noITy'leHHbIX penyITbTaTOB nOKa:JbIBaeT, 'ITO µ;nHaMUKa CIICTeMbl 

cyrn;ecTBeHHo tJaBIICIIT OT BeITII'IIIHbl T/o =< ri(O >, KaK II B crryqae 

T/ = {JE. = canst. To ecTb: 

1) Korµ;a T/O < T/cr, Mbl Ha6rr10µ;aeM ycTOII'lllBhie OCQUJIITHUIIII KOHQeHTpa

UIIII < 0({,T) >= f(ri(()) B aµ;cop6aTe µ;ITH 60ITbllllIX BpeMeH T >> 1 
(t >> To), KOTOpble npoIICXO)J;.lIT no TOMY )Ke naKOHY, 'ITO II pacnpeµ;erreHHe 

crryqaii:HhIX queen ri( ()); 
2) Korµ;a T/0 ~ T/cr, KOJie6amrn < 0([, T) >= f(ri({)) IIMeIOT MeCT0 T0JibK0 

B npoMe)KyTKe T ~ Tchem; µ;ITH BpeMeH T > Tchem HMeeM paBHOMepHoe pac

npeµ;erreHHe KOHQeHTpaunn < 0({, T) > B nopax cop6eHTa. 

Oµ;HaKO B 06011x nepe'IHCJieHHbIX crry'la.HX BOITH006panHoe :3BOJIIOUHH 

KOHQeHTpaunu < v({,T) >, noµ;o6Hol'cKpbITOMY MexaHunMy" npu D = I 
q>unuqecKoii: cop6uuu (ThaBa 2), Hal5rr10µ;aeTcH B HHTCpBarre T E [0 --;- 1] 
(t E [0--;-TchemD· Ilpn T > Tchem aBOJIIOQH.lI KOHQeHTpaunn < v({,T) > B 

ranoBoii q>ane µ;ocTnraeT paBHOMepHoro pacnpeµ;eITCHHH. Ha ocHoBe cpa

BHeHHH penyrrhTaTOB no )];HHaMHKe nepeHoca rana B O)J;HOMepHOII II µ;By

MCpHOII CTOXaCTH'leCKHX cop6unoHHbIX CIICTeMax npnxoµ;uM K crreµ;y10rn;nM 

3aKJIIO'leHH.HM: 

1) µ;nHaMHKa :3BOJIIOUHH KOHQeHTpauuii: B cop6upy10rn;ei"1 CIICTeMe npn 

CITY'laIIHbIX B::JaHMOµ;eiicTBHHX aµ;aTOMOB naBIIClIT OT OTHOllleHIIII 110 < 1l~r 

lI T/o > 1lcr (TJo =< TJ({) >=< /Jc(~) > ); 
2) B crryqae T/o < T/cr Ha6IT10µ;a10TbCH KOITe6amrn KOHQeHTpaunu < 0 > 

B aµ;cop6aTe, KOTOpbie He BJIHHIOT Ha aBOITIOUIIIO KOHQeHTpaurrn < v > B 

ranoBOM noTOKe; 

3) µ;ITH T/o > T/cr BOITH006panHbie KOITe6amrn KOHQeHTpaunii: < 0 > 11 

< V > orpaHH'leHhl XHMH'leCKIIM BpeMeHHbIM HHTepBaJIOM t ~ Tchem; 

4) HeJIHHeIIHbie KOJie6amrn KOHQeHTpaunH rana < v > BO BCe.'C CITY'la.HX 

lIMeIOT MCCTO µ;o MOMeHTa t -t To, T.e. KaK lI B CITy'lae /3€. = canst µ;i,rnaMIIKa 

ClICTeMbl onpeµ;errHeTCH XlIMH'leCKUM BpeMeHeM Tchem = To. 

BTopa.H '!aCTb µ;HccepTaQHll (rITaBbI 4-6) IlOCB.Hrn;eHa MO)];CJIHpOBaHHIO 

HeJIHHeIIHbIX aq>q>eKTOB B paMKaX IlOITeBbIX Moµ;eITeii q>ImIIKll KOHµ;eHCIIpo

BaHHOrO cocTOHHIIH 11 HeJIIIHCIIHOII onTIIKH. 

B '!eTBepTOII rrraBe 1myqe11a µ;1111aMIIKa COITIITOHOB B HCKOTOpbIX q>Imll

'leCKIIX cncTeMax, orr11cbrnaeMbIX ypaBHeHJieM Kµ;B, HYIII n BCKT0pHbIM 

u(2) HYIII, rµ;e npouecc o6panoBaHHH com1To110B nMeeT noporoBhIII xa-
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paKTep. 

Mccrreµ;oBaHa Hemrneii:Ha.a µ;nHaMHKa B µ;ucneprupy10rn;ux cpeµ;ax, 
CbIBaeMbIX ypaBHenueM Kµ;B 

Ut + 6uux + Uxxx = 0, 

0IIll-

(15) 

Ha npuMepe B0::JM0)KH0CTll re11epauuu C0JIUT0H0B npu pacnaµ;e Ha'laJib

HbIX M0H0Xp0MaTU'leCKllX llMIIYJibC0B .B Bnµ;e He'!eTHbIX q>yHKUHII crreµ;y-

10rn;ero Tuna: 1) npHMoyroJibHbIII HMnyrrhC-HMa u 6apbep; 2) c1111yco1I

µ;arrhHhIII HMnyrrhc u(x, 0) = ii0 sinkx, x E [-f, fl; 3) IIMnyrrbc ParreH 

u(x, 0) = ii0x exp (-k2x2
). 

Ilpn ucnoITb::J0Ba1111n rrn11eii:11oro npeµ;cTaBJieHnH ypaB11emrn Kµ;B naµ;aqa 

CBO)];llTCH K HaX0)K)J;CHHIO )];llCKpeTHbIX ypoB11ei'1 a11epr11ii: B npHMoyroITbH0M 

n0Te11unarre u( x) "HyITeBoii. nrrorn;aµ;n" µ;nH ypaB11e11uH III peµ;11Hrepa: 

-Wxx + u(x)\Ji = E\JI. 

Ilorry'leHo crreµ;y10rn;ee TpaHcue11µ;e11T11oe y'paB11em1e 11a co6cTBeHHble nHa
'leHnH E: 

!El= (u - IEl){f(E)ctg[(u - IEl)½a] + 1}2 
ctg[(u - jEj)½a] - J(E) ' 

(16) 

rµ;e a- urnpuHa HMhl, f(IEI)- q>yHKUHH E. 
Ilp0Beµ;e11 qucrre1111blii: aHaJIII3 ypaBHeHIIH (16) u ycTaH0BITeH rropor 06-

panoBaHHH )];lICKpeTuoro YP0BHH a11epr1IH. 

,Il;rrH c1111yco11µ;aJibHOro llMIIYITbCa TpaHcueuµ;eHTH0e ypaBHeHIIe (16) 
µ;aeT crreµ;y10rn;ue ycrroBUH: 

a) ii.0 ~ 0.392k2- po,Kµ;euue coIT11To11a; 

6) ii. 0 < 0.159k2- oTcyTCTBHe coITHT0Ha. 

,Il;JIH IIMnyITbCa ParreH, C00TBeTCTBeHH0, HMeeM CITeµ;y10rn;ne ycJI0BIUI : 

a) ii0 ~ 2.8k3 
- po)Kµ;e11ue corr11To11a; 

6) ii0 < 0.9k3
- OTCYTCTBHe C0ITHT011a. 

B paMKax ypaBHeHUH Kµ;B np0Beµ;e110 q11crreHHoe ·Moµ;errup0Bam1e µ;1rna

MHKH pacnaµ;a Bbillle0TMe'!eHHbIX M0HoxpoMaTn'leCKllX llMnyITbC0B Ha co

JlUT0Hbl, )];aH0 cpaBHeHue proyITbTaT0B npHMbIX 'lllCJieHHbIX pac'!eT0B )];Ha 

HaMUKll Kµ;B-COITHTOHOB C )l;aHHbIMll aHaJilITH'ICCKllX pac'!eT0B µ;ncKpeT

HbIX ypoBHeii aHepruii B ypaBHeHue IIlpeµ;nHrepa; noITy'leHo nx xopolllee 
corITacne. 

3aµ;aqa 06 o6panoBaHIIll "TeMHbIX COITUTOHOB" B paMKax Hemrneii:uoro 
ypaBHeHUH IIlpeµ;uHrepa 0TTaJIKHBaIOrn;ero THna 

iut + Uxx - 2(juj2 
- l)u = 0 (17) 
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c noMombro mrneuHoro npegcTaBnemrn HYID cBegeHa K gmppaKum1 Mogy

m1poBaHHbIX MOHOXpOMaTII'IeCKIIX BOJIH ( COJIIITOHOB) B HemrneiiHoii gecpo

KYCIIpyromeu cpege. Ilony"ieHo cnegy10mee TpaacueHgeHTHoe ypaBHeHIIe Ha 

co6cTBeHHble :::ma"leHirn ,\(,\0, d): 

cos2,\d = ± ,\+ft (,\,Ao, d) , 
J1 + !2(,\, Ao, d) 

(18) 

rge ,\0 onpegemreT urnpnny conIITOHa (v0 = J1 - A6-o6paTHan wIIp1rna 

conIITOHa), a q>yHKUIIII ft(,\, ,\0 , d) II h(,\, ,\0 , d) CBH:JaHbI c com1TOHHOH 

MogynHUIIeu nnocKOH BOJIHbI. IlpoBegeH "iIICJieHHbIH aHanIIn xapaKTepncTII

"iecKoro ypaBHeHIIH (18) II II:Jy"ieHbI oco6eHHOCTII gIIq>paKUHII COJIIITOHa no 

cpaBHeHIIIO c gIIq>paKUIIeu nnocKOH BOJIHbI. 

llccnegoBaHa ycTOH"IIIBOCTb conIITOHOB BeKTOpHoro u(2) HYID Bnga 

,T,II _ ( C 1 exp ( 4i,\
2t)sech,\( x - xo) ) h2 '( _ ) (l9) 

'J:' - C2exp(i,\2t) sec AX xo, 

IC1l
2 = IC21

2 = 6.X2
. 

KaK noKa:JbIBaIOT pac"!eTbI, gByconIITOHHbie peweHIIH (19) u(2) HYID 

i'?P) + \]!~~ + (l1J!(l)l 2 + l1J!{2)1 2)1J!(l) = 0 

iwi2) + w~;l + (lw(1)12 + 1w(2i12)-q:,(2J = o 

/ npn MaJibIX 3Ha"ieHIIHX napaMeTpa ,\, onpegeJIHIOmero aMnJIIITYAY II WH

pIIHY COJIHTOHOB, HBJIHIOTCH gonrO:lKIIBYmIIMII 06'beKTaMII. Ilpn 6oJibWii:x 

nHa"leHHHX A (,\ > 0.5) aTII conIITOHbI oKanbIBa~TcH HeycTOH"iIIBbIMII n 
BpeMH IIX pacnaga pacTeT C yMeHbWeHIIeM IIX aMnJIIITYAbI. 

B nHTOH rnaBe nocTpoeHbI 6onoHHbie npegcTaBneHIIH aHII:JOTponH011 

MogeiIII reu3eH6epra II II3Y"ieHa 0BOJIIOUIIH COJIIITOHOnogo6HbIX BOn6y:iKge

HIIH ("nynb!peu B KoHgeHcaTe") HeIIgeanbHoro 6one-rana. ,I(nH IIno

TponHon MHoronogpeweTO"IHOu XY-ueno"IKII c MarHoH-q>oHOHHbIM Bnan

MogeucTBIIeM B gJIIIHOBOJIHOBOM npII6JIII:lKeHIIII nony"leHbI HeJIIIHeIIHble CII

CTeMbI ypaBHeHIIH II onIIcaHbI ee COJIIITOHHbie peweHIIH npn panJIII"IHbIX 

rpaHII"IHbIX ycnoBIIHX. Ilony"leHo npegcTaBneHIIe Mogem1 renneH6epra, onu

cbrnaeMou B KOHTIIeyaJibHOM npegene KJiaCCII'!eCKIIM ypaBHeHiteM JiaHgay

JIIIq>WIIUa (Y JIJI) 

iMt = ½[M,Mxx] + {(M,a(3l]{M,a(3l}, (20) 

( 
Af(zl M(-l ) 

M = Af(+) -M(zl (x, t) E SU(2), 

20 

l 

Af(±) = Af(x) ± iAf(Y), M 2 = J 

B TepMIIHax HeIIgeanbHoro 6one-rana nocpegcTBOM cq>epn'IecKmi npoeKUIIII 

BeKTopa HaMarHII"ieHHOCTII M Ha KoMnneKcHy10 nnocKOCTb. YcTaHOBJieHa 

CBH:Jb Me:iKgy peweHHHMH HYID, KanII6poBO"iHO-aKBnBaneHTHoro YJIJI n 

MOAIIq>IIUIIPOBaHHoro HYID, CBH:JaHHoro c YJIJI nocpegcTBOM TO"IHoro 

npeo6panoBaHIIH ccpepII"IecKou npoeKUIIII. 

"lfIICJieHHO uny"ieHa 3BOJIIOUirn CTaTii'IeCKIIX ( V = O) COJIIITOHOilO;IJ;06HbIX 

nynbipbKOB 
_<:<Jsh( f x) 

cp.( x) = Fo j7i + sinh2 ( ~x)' 
(21) 

rge c = 2/ro(ro - A)- CKOpOCTb nByKa B KOHgeHCaTe, 0 < .4 < ro, B 

paMKax '1!3 
- '1! 5 HYID: 

i<pt + 'Pxx - ro(2A + ro)cp + 2(A + 2ro)l<pl
2

cp - 3l<pl
4

cp = 0, (22) 

onIICbIBaIOmero 6one-ran C gByx- II Tpex"iaCTU'IHbIM B3aIIMogeIICTBUeM 6o-

30HOB. y cTaHOBJieHo, "ITO noKoHmIIIICH ny:Jblpb ( 21) HeycTOII"IUB, npn'IeM 

ogHa II3 MOA ero pacnaga npIIBOAHT K panpyweHIIIO OCHOBHoro COCTOHHIIH 

("KoHgeHcaTa" ). 

llccnegoBaaa ycTOH"iIIBOCTb gBn:iKymerorn nynbipH: 

cp(x,t) = ~ cosh(x - iJi) 
✓~ , ~A'+v' + cosh2x 

(22) 

v2 

rge x = ../c
2
2-v

2 
(x - vt - xo), cos2µ = r:✓~~l,,2 , 0 < JL < ~ npn pa3JIII'I-

HbIX 3Ha"ieHIIHX napaMeTpa A II CKOpOCTII IlJ3blpH v. Hai'1geHa. o6na.CTb, B 

KOTopou gBII:lKYmIIHCH nynblpb (22) npegcTa.BJIHeT co6ofr gocTa.TO'IHO CTa-

6IIJibHblll II gonrO:lKirnymIIu o6'beKT. 

B wecTou rnaBe npegcTaBJieHbI penynbTa.TbI no gnHa.MIIKe ogHo-, gByx

II TpexMepHbIX "nynb!peu B KOHgeHcaTe". C noMombIO "IIICJieHHOro 11rngenn

poBaHIIH II3Y"ieHbI CTOJIKHOBeHirn nynbipeii (22) II ycTa.HOBJieH noporOBbIII 

xapaKTep IIX gIIHaMIIKII coygapemrn. 

llny"ieHa 0BOJIIOUIIH ABYX- II TpexMepHbIX nynblpe1i II ycTa.HOBJICHa. IIX 

HeycTOM"iIIBOCTb. 

llny"ieH xapaKTep HeycTOM"iIIBOCTII ogHo-, gByx- II Tpex11IepHbIX "nynbl

peii: B KOHgCHCaTe" B :JaBHCIIMOCTII OT IIX Ha"iaJibHOrO B03Mymemrn. B OgHO

MepHOM cny"lae npII cneUIIaJibHOM Bbl6ope Ha."Ia.JlbHOro B03l\Iymemrn ogHa. 

II3 MOA HeycTOII'IIIBOCTII CTaTII'ICCKoro nynbipH (21) np1rnognT Kee panBa.Jiy 
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Ha µ;Ba pao6eraIOlll,IIXCH ycTOll'lIIBbIX COJIIITOHonoµ;o6HbIX nynblpH. Ilpu Ha

'laJlbHOM BOnMylll,eHIIII µ;Byx- lI TpexMepHbIX nynblpe11 COOTBeTCTBeHHO 06-

paoyIOTCH naTyxarow.IIe UIIJIHHµ;pII'lCCKIIe lI cq>epII'lCCKIIe BOJIHbl, pacnpo

CTpaHHIOlll,lICCH no KOHµ;eHCaTy. 

Hnrro:lKeH HOBblii noµ;xoµ; K 'lIICJieHHoMy aHammy HecTaunoHapHoro ypa

BHCHIIH IIIpeµ;nHrepa c norrIIHOMIIaJibH011 Hemrne1IHOCTbIO. HcnorrbnyH Hµ;ero 

"npoµ;oJI:lKCHIIH no napaMeTpy" µ;ITH yp~BHCHIIH Illpeµ;1rnrepa 

it/Jt + 1Pxx + T f(lt/Jl 2 )1/J = 0, 

rµ;e f(lt/Jl 2)- norrIIHOM n-011 cTeneHII, BBoµ;IITCH napaMeTpn'lec1mn naBucu

MOCTb OT T. OcHOBHan 11µ;eH npeµ;rro1KeHH011 cxeMbI naKJIIO'laeTCJI B TOM, 

'ITO 'lIICJieHHoe perneHIIe Bcex tjJ 2n+t HYIII MO:lKCT 6bITb npoBeµ;eHo Ha 

ocHoBe eµ;IIHOH JIIIHeiiHoii naµ;a'lII. CTapTyH c o)];Horo u Toro :lKe Ha<JaJibHoro 

ycrrOBlIH npII T = o, Mbl npiixoµ;IIM B naBIICHMOCTII OT TIIIIa HemrneiiHOCTU 

K paomI'lHbIM penyrrbTaTaM npII T = l. 
,Il;mr npoBeµ;eHIIH 'IHCJICHHbIX aKcnepnMeHTOB, penyrrbTaTbl KOTOpbIX 1m

JIO:lKCHbl Bblllie, 6bIJIII paopa6oTaHbl COOTBeTCTByrow.ne aJiropUTMbl, OCHO

BaHHble Ha aq>q>eKTIIBHbIX MeToµ;ax 'IIICJieHHOro UHTerpupoBaHIIJI HeJIIIHCII

HbIX µ;nq>q>epeHUIIaJibHbIX ypaBHCHIIII B 'laCTHbIX npmmBO)];HbIX. "lfncrreHHOe 

perneHIIe 9BOJIIOUIIOHHbIX ypaBHCHIIH, onncaHHbIX B rrraBax 1-6, 6bIJIO npo

Beµ;eHO MCTOµ;OM KOHC'lHbIX paoHOCTCII Ha OCHOBe panHOCTHbIX cxeM HB

Horo II HeHBHOro TIIna. B. pac'leTax 6bIJIH npnMeHeHbl cxeMbl noBblllICH

Horo nopHµ;Ka TO'lHOCTII KaK no npocTpaHCTBeHHbIM, TaK H no BpeMeHHbIM 

nepeMeHHbIM. PeanIInau1rn paopa6oTaHHbIX aJiropIITMOB ocyw.ecTBJIJIJiacb 

Ha 6aoe npHMblX II IITepaUIIOHHbIX MeTO)J;OB perneHIUI CIICTeMbl ypa.BHe

HIIH. To'lHOCTb n cxoµ;IIMOCTb perneH1111 annpoKCIIMupyrow.nx panHOCTHbIX 

ypaBHeHUll npoBeplIJIIICb Ha OCHOBe o6w.enpIIHJITblX Kpll'repneB npoBepKU 

Ha.µ;e:lKHOCTII MallIIIHHbIX Bbl'lIICJieHIIII. 
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