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OBIUA.51 XAPAKTEPHCTHKA PAEOTbl. 

AKTYaJibHOCTb paOOTbl. 

B .UHccepTaU:HOHHOH pa6oTe rrpe.ucTaBJieHbI peJyJibTaTbI nccrre

;~oBaHnif, CTaB.llllllIX CBOeH u,eJibIO orrncam1e .llHHaMHKH rrpouecca 

CJIH.sIHH.sI .sr.uep Ha OCH0Be COBpeMeHHbIX rrpe.ucTaBJieHHM. 0 MHOrOl:Ja

CTH'IHOH H KBaHTOBOH rrpnpo.ue .si:.n:ep. AKTYaJihHOCTb rro.uo6HhIX HC

crre.uoBaHHH o6ycrrOBJieHa HaKOIIJieHHeM 3KCIIepHMeHTaJibHbIX .uaH

HhIX, CBH.UeTeJibCTBYIOIUHX 0 Ba)KHOM. porrH .UHHaMH'lleCKHX 3cp<l>eK

T0B s rrpouecce CJIH.sIHH.sI. TaK, 6bIJIO IIOKaJaHo, 'ITO c yBeJIHl:Je

HHeM Jap.sr.uoBoro HOMepa cmrna10ru11xc.si: .sr:.uep ceqeHHe CJIH.sIHH.sI rra

.uaeT, qTo HeCOMHeHHO Tpe6yeT TeopeTHqecKoro o6'b.sICHeHH.sI. He

.llOCTaToqHo o6'b.sICHeHHbIMH OCTaIOTC.sI TaKHe .sIBJieHI-1.sI KaK "extra

push", JaKJIIOl:JaIOrueec.sr B TOM qTO .urr.sr: CJIH.sIHH.sI Heo6XO.llHMa HeKo

Topa.sr: H36bITOqHa.sr: 3HeprH.sr: Ha.u 6apbepoM; JaBHCHMOCTb crreKTpa 

,-KBaHTOB OT HaqaJibHOM. KOM6HHaUHH CJIHBaIOIUHXC.sI .sr:n:ep, a He 

TOJibKO OT xapaKTepHCTHK o6pa3yrorueroc.sr: B peaKUHH KOMrrayH.u

.sr:.upa; aHH30TpOIIH.sI ,-H3JiyqeHH.sI H3 COCTO.sIHHM. C MaJibIM yrJIOBbIM 

MOMeHTOM. 

llrr.sr orrHcaHH.sr: peaKUHH CJIH.sIHH.sr: HaMH o6o6rueH MeTO.ll MOMeH

ToB, B3.sITbIX OT ypaBHeHH.sr: .urr.sr: <l>YHKUHH BHrHepa, xoporno 3apeKo

MeH.uosaBIIIHH ce6.sr: rrpH OIIHCaHHH CTpyKTYPbI .sr:n:pa. 3TOT Mero.u 

rro3BOJI.sr:eT "rrpoeKTHpoBa Tb" MHoroqacTHqHyIO Ja.uaqy, rrorryqa10-

ruy10c.sr: rrpH omIcaHHH B paMKax TeOpHH XapTpH-<l>oKa C BpeMeHHOH 

JaBHCHMOCTbIO Ha rrpocTpaHCTBO orpaHHqeHHOrO qJ,ICJia KOJIJieKTHB

HbIX rrepeMeHHhIX. 

Har1HaJ1 HOBH'.3Ha H npaKTH'leCKaJI ueHHOCTb. 

• B .llHCcepTaumr IIOJiyqHJI pa3BHTHe MeTon: MOMeHTOB .umI OIIH

caHH.sI .llHHaMHKH KOJIJieKTHBHoro Jl:BH)KeHH.sI OOJihIIIOH aMIIJIH

TY .UhI B aTOMHhIX .si:n:pax, a HMeHHo, rrpouecca .si:.uepHoro cmu

HH.sI. Pa3B.HTaJI Teop1u OIIHCbIBaeT 3BOJIIOUHIO <t>opMbI .si:.n:pa H 

rrpeBpamemre 3HeprHH KOJIJieKTHBHOro .llBH.>KeHH.sI B 3HeprHIO 

CTaTHCTHqecKoro B036y)f{.lleHH.sI. 

1" \,:a,:i. i·; 
~:.~~,. , .. r ?,~r·-~,~~·:· 

t~/:T~nA ·--



• IlpocJie)KeHa 3JiacTorrnacn1:qecKa51 n1rnaMMKa 51JJ.epHoro CJIH51-

HM51. IloKa3aHo, 'ITO rrpouecc CJillSIIIH51 Jl.CJIHTC51 Ha JI.Be <pa36I'. 

KOpOTKYIO, BO BpeM51 KOTopott Sl)leJma.51 MaTepH51 rrpo5IBJI5IeT 

yrrpyrtte CBOHCTBa, If 3Ha'IMTCJlhll0 6oJJC(' MC)lJICHHYIO, BO Bpe

M51 KOTOpOH rrptt6JlH)KeHtte cpopMl,I CJll1Brt.!Olll('HC51 OICTCMbl K 

paBHOBeCHOH rrpoHCXO.ll,HT MOII0T0IIII0, Kcl.K B CvlCTCMC' C 60J1h

IIIHM TpeHHeM. 

• IloKa3aHo, 'ITO na)Ke npconoJICB :rncprcTw1ccKHM 6ap1,cp, cTan

KHBaIOIUHeC51 51.Upa HMCIOT B03M0)KHOCT6 pa3JieTeTbC51 He CJIHB

IIIHCb H3-3a HaJIH'IH51 ynpyrHX CHJI, CB513aHHbIX C necpopMa

UMeH IIOBepXH0CTH <PepMH, TO eCTb naHO .ll,HHaMH'leCK0e o6b-

51CHeHHe 51BJieIUIIO "3KCTpa-rryIII". 

• Pa3pa6oTaHa MeT0.D:HKa Bbl'IHCJieHH51 3aBHCHMOCTH TeMrrepa

Typbl OT BpeMeHM B rrpouecce CJUl51HH51 If ycTaHOBJieHo, 'ITO 

rrpeBparueHHe 3HeprHH KOJIJieKTHBHoro .ll.BH)KeHM51 B 3HeprHIO 

CTaTM~n1qecKoro B036y)K,UeHH51 rrp0HCX0.ll,HT cyruecTBeHH0 

6bICTpee .ll,0CTH)KeHH51 paBHOBeCHOH cpopMbI, 'ITO onpe]],eJI5IeT 

aHH30TporrHIO H3Jiy'leHH51, HcrrycKaeMoro CHCTeMOH. 

• Pa3BHT MeTo,n: H3y'leHH51 cpnyKTyaUHOHHbIX 5IBJieHHH B 3Jia

cTorrnacTH'lecKHX CHCTeMax. IloKa3aHo, 'ITO HapacTaHHe aM

ITJIMTYJJ.bI cprryKTyaUHH q>opMbl rrp0HCXO.ll,MT C TeM )Ke xapaK

TepHCTH'leCKHM BpeMeHeM, 'ITO If .D:OCTH)KeHHe paBHOBeCHOH 

q>opMbl. 

Pe3yJibTaTbI, rroJiy'leHHbie B ,llJfCCepTaUM11 Ba)KHbl )],JI51 TeopeTH

qecKoro 11CCJie)],0BaHH51 peaKUMH Me)KJJ.Y T5l)KeJibIMl1 H0HaMH - CJIH51-

Hl151, KBa3HyrrpyrHX CTOJIKHOBeHHH, 6bICTporo J],eJieHH51. OHH MoryT 

661Tb HCI10Jih30BaHbl .ll,Jlj{ o6b51CHeHH51 HOBeHIIIHX 3KCrrepHMeHTaJib

HhIX J],aHHhIX. B pa6oTe II0Ka3aH0,'IT0 aHH30Tp0IIH51 ,-H3Jiy'leHH51 

H3 COCT051Hl1H C MaJihIM yr JIOBbIM M0MeHT0M M0)KeT 6hITb o6b51CHeHa 

3nacTorrnacTH'IH0CThIO cJIHBaIOruettc51 51.ll,epHott MaTep1111. PacqeTbI 

KOHKypeHUHH CJil1llHH51 H 6bICTporo J],eJieHH51 CBH)],eTeJibCTBYIOT 0 
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TOM, 'ITO .ll,aHHall MO,UeJih He Hy)I(Jl.aeTOI B rrapaMeTpe KpHTH'leCKoro 

c6m1:)KeHH51. 

Anpo6auu:J1 pa6oTbI. 
MaTepHanhI nwccepTaUHH noKJia..zlbIBaJIHCh Ha XLVI-XLVII Co

BeruaHm1x no 51nepHOH cneKTpocKOIIHH 11 cTpyKType aTOMHoro Rnpa 

(MocKBa, 1996 11 O6HHHCK, 1997), Ha Me)K,UyHapO.ll,HbIX KOH<pepeH

UH51X no <PH3HKe TSI)KeJihIX HOHOB ( Ily6Ha 1993, Ily6Ha 1998), a 

TaK)Ke Ha ceMHHapax 0115111 H LNS, INFN (KaTaHh51, 11Tanirn). 

Ily6JUIKau1-n,1 H o6'beM pa6oTbI. 
OcHOBHble pe3yJihTaThl nuccepTaUHH ony6JrnKOBaHbl B 11 ne

'laTHbIX pa6oTaX. 1I11ccepTaUBJ1 COCTOHT H3 BBe.ll,eHHR, '-IeTbipex 

rnaB 11 3aKJIIO'lemu1. Orra conep:>KHT 130 cTpaHHU, BKJIIO'-IaR 25 
pHCYHK0B H 2 Ta6JIHUhlj s CTIBCOK mnepaTypbl BKJIIO'-IeHO 72 Ha

HMeHoBaHHll. 

OcHOBHble pe3yJlbTaTbl, BhIHOCHMble Ha 3alllHTY. 

• IloKa3aHO, '-ITO MeTO.ll, o6o6meHHhIX BHpl-Ia.JibHhIX TeopeM HJIH 

MOMeHTOB, B351TblX OT KHHeTHqecKoro ypaBHeHHR .UJill q>YHK

UHH pacnpeneJieHHSI HYKJIOHOB B q>a30BOM npOCTpaHCTBe, MO

)KeT 6hITh HCIIOJih30BaH .Il,JIJI H3y'-IeHH.sl npouecca CJIHRHH.sl DI

)KeJlhIX g,nep. 

1. Y .ll,aJIOCb BbIRCHHTb, qTO npH CJIHRHHH H.ll,eHTH'-IHbIX HO

HOB npH MaJihlX yrJJOBbIX M0MeHTax, ,llHHaMHKa H3MeHe

HHSI KBanpyrroJibH0ro MOMeHTa HMeeT 3JiaCTOl1JlaCTH1.Je

CKHH xapaKTep. 3TO 3Ha'-IHT, 'ITO CHCTeMa pean1pyeT 

ynpyro Ha BHeJanahle H3MeHeHH.sI,HO npoRBJIReT CBOH

CTBa BSl3KOH MaTepHH, nonsep)KeHHaR Me,UJieHHhIM B03-

neHCTBH.slM. 

2. IloKaJaHo, '-ITO B Haqan:e npouecca CJIHRHH.SI JHa'-I11TeJib

Hall qacTb KOJIJieKTHBHOH 3HeprHH CBJIJaHa C neq>opMa

UHeH TIOBepXHOCTH <l>epMH. 3Ta qacTb 3HeprHH HrpaeT 
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Ba)KHYIO ponb B ycnoBIHIX CJ1IUIHIUI, B TOM 'IJ.,l('jl(' 061,

.si:cmreT B03HI1KHOBem1.e TaKoro .SIBJ1eHI15I KaK "')KC'l'pa · 

" rryw . 

3. IloKa3aHa B03MO)KHOCT6 pac'l:eTa BpeMeHHOI1 3BOJIIO!lHH 

TeMrrepaTyphr c 11crroJ1630BaHtteM rrapaMeTpH1ailHM <l>y11-

KUI1H pacrrpe.ueneHH.SI HYKJJOHOB B cpa30BOM rrpocTpaHCTBC 

.UJ1.SI rrpI16J1H)KCHHOfO Bhl'IHCJ1CHH.SI 3HTpOIIHI1 CHCTeMLI. 

4. 06Hapy)KeHo, 'ITO rrepexo.u KOJ1J1eKTI1BHOH 3Heprl1I1 B 3Hep

rmo CTaTI1CTI1'IeCKOro B036y)K,UeHH.SI, npoHCXO.UHT 66IC

Tpee B 20-30 pa3, 'IeM .UOCTH)KCHlfe paBHOBeCHOH cpopMbl. 

5. BpeM5I, Heo6XO.UlfMOe .umr .UOCTI1)KCHI1.SI paBHOBCCHOH ( ccpe

ptt'ICCKOH) cpopMbI, rrpeBOCXO.UI1T BpeM.SI HcrrycKaHH.SI nep

BOfO HettTpoHa. Bcne.ucTBHe 3TOf'O TeMrrepa Typa KOMrra

yH.u-.si:.upa HlfKor.ua He .UOCTHraeT CBOCf'O MaKCHMaJ16HO 

B03MO)KHOI'O 3Ha'ICHH.SI, orrpeJleJUICMOf'O 3HeprHeH peaK

UI1I1, I1 Ha'II1HaeT y6LIBaT6 ClllC JJ,O TOf'O, KaK CI1CTeMa 

npHMeT ccpepH'IeCKYIO <pop My. 

6. 3Ha'II1TCJ16Ha5I .UOJ1.SI ,-KBaHTOB ttcnycKaeTC.SI I13 COCT05I

Hl1.H c .UI1HaMI1'IeCKOH .uecpopMau11eii. 3To 5IBJ1.S1eT01 ttc

TO'IHHKOM aHI130TpOIII1I1 ,-113nyqeHH.S1, ttcnyweHHoro H3 

cocT05IHI1H c MaJJhIM y1n0B6IM MOMeHTOM. 

e 1-fayqeua rrp11:po.ua 3J1aCTOITJ1aCTI1'IHOCTI1. Ee B03HlfKHOBeHI1e 

CB5I3aHO C TCM, 'ITO CTOJ1KHOBCHI15I HYKJJOHOB B T.Sl)KCJ16IX .Sl,U

pax rrpl1BO.U5IT K rrepepacrrpe.ueneHMJO no I1MITYJ1LcaM, He I13-

MeH5I5I MfHOBeHHO rrpocTpaHCTBeHHhIX KOOp.UI1HaT HYKJ10HOB . 

CB5I36 pacrrpe.n:eneHI15I no I1MITYJ16CaM 11 rro Koop.uirnaTaM ycTa

HaBJ1I1BaeTc5I .u11cpcpepeuu11:aJ16HhIM ypaBHeHI1eM, 11 ee ponh He 

CBO.UHTC.SI K B03HI1KHOBeHI110 CI1Jlhl Tpemur, rrporropUHOHaJ16-

HOH CKOpOCTH I13MeHeHH.SI rrapaMeTpOB cpopMbI 5!,Upa. 3naCTO

IIJ1aCTH'IHOCT6 rrpI1B0,l],HT K I105IBJ1eHHIO 3q>q>eKTOB "rraM.SITI1
11

• 

1. Iln.si: ypaBHeHHH .UBI1)KeHI15I, onHChIBa10w11x CHCTeMy, 06na

.ua10wy10 3J1aCTOIIJ1aCTH'IeCKHMH CBOHCTBaMH, peweHa 06-
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paTHa.SI 3aJJ,a'Ia KJ1aCCH'IeCKOH MeXaHI1KI1, TO eCTh, HaH

.ueHhI narpaH:>KHaH, raMHJ16TOHI1aH I1 .UHCCHIIaTHBHa5J: cpyH

KUH.SI P3ne.si:. 3To II03BOJ1HJ10 HCCJ1e)],OBaTh, KaK pacrrpe

.uen.si:eTC5J: 3Hepf'H.SI Me)KJJ,y CT a THCTH'IeCKOH I1 KOJIJ1eKTI1B

HOH KOMIIOHeHTaMH .If orrpe.uenHTh 3aBHCHMOCTh TeMrre

pa TypLI OT BpeMeHH B IIOJ1HOM cornaorn C 3aKOHOM co

xpaHeHH.SI 3uep1I1H. 

2. Pa3BHTa cxeMa pacqeTa 3<p<peKTOB TermoBhIX cpnyKTya

UHI1 B 3J1aCTOITJ1aCTH'IeCKHX CHCTeMax. IloKa3aHo, 'ITO 

uapacTaHHe <pJiyKTyaUHH cpopMbI 5IJJ,pa OTCTaeT OT Ha

pacTaHH5J: TeMrrepaTypLI. 

3. IloKa3aHO, 'ITO .uaHHa5I MO,UeJ16 IT03BOJ15IeT ofrh.SICHHTh KOH

Kypemuno rrpoueccoB cnH5IHH5I H 6LrcTporo .ueneHH5I, He 

BBO.U.SI )],OIIOJ1HHTeJ1bHblX rrapaMeTpoB, TaK KaK Bepo5I:T

HOCTb BTOporo npouecca pe3KO yMeHbWaeTC5J: C Te'Ie

H.lfeM BpeMeHH BCJie)],CTBHe yMeH6IIIeHH5J: TeMrrepaTypLI 

CHCTeMhI, Bhl3BaHHOH ttcrrycKaHHeM HefITpOHOB. 

• IloKa3aHo, 'ITO cpopMaJIH3M, pa3BHT6IH JJ,JI5I cxeMa TH'IeCKOH 

3J1aCTOIIJiaCTH'IeCKOH MO,UeJIH, npHMeHHM H ,UJI.SI peaJJHCTH'Ie

CKOH 3a,naq11 cJIH.SIHH.SI T5I)KeJJhIX 51,nep. Haw.ueua cpopMa qneHa 

penaKCaUHH, Y.UOBJICTBOp.SIIOII.l,ero BTOpoMy 3aKOHY TepMO.UH

HaMHKll. 

Co.uep:>Kam,i:e .u11ccepTau1111. 

Bo aae,neHHH rrpttBo.u.si:Tc.si: HOBeHIIItte 3KcrrepnMeHTaJI6Hhie .uaH

HLre, 060CHOBbIBalOII.l,He nco6xonttMOCT6 HCCJie,UoBaHH5I .UHHaMH'Ie

CKHX 3q>q>eKTOB B peaKUI-15!:X CJIH.SIH.lf5I T5I)KCJI6IX 5!,Uep; KpaTKO ll3JIO

)KCHO co.uep)KaHHe nHccepTaUHH no rnasaM H orrpe.ueneHLI 3ana'Itt, 

peIIIeHHIO KOTOpbIX ITOCB5Ill{CHa .ll.HCCepTaUH.SI. 

B rrepeou: rnaee .uaeTC5I o63op TeopeTH'IecKHX pa6oT no CJIH-

5!:HHIO, rrpHBO.l].HTC5I cpaBHHTCJlhHbIH aHaJI.lf3 MHKpOCKOITH'ICCKHX H 

MaKpOCKOIIH'IeCKHX nonxo.uos. IlpHBO.ll.HTC5I o60CHOBaHHe B6r6paH

HOI'O HarrpaBJICHll.SI .If naeTC5J: paCIIIHpeHHM nocTaHOBKa 3a.l].a"ll.lf. 
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Bo BTopoii rJiaBe rrpl-IBOJJ.5ITOI OCH0BHbie IIOJIO)KeHIUI K0JTJieK

TlIBHOH MOJJ.eJilI JJ.lIHaMlIKlI 5IJJ.epHoro CJilI5IHlI5I, IIOKa3aHo, <ITO 3T0T 

MeT0JJ. M0)KeT 6b!Tb rrpIIMeHeH JJ.JI5I lI3y"CJeHlI5I rrpouecca CJ11ISIHl1S! TSl

)KeJibIX IIOHOB. Bep5I 3a nor1I"CJecKy10 ocH0BY TeoplIIO XapTpI1 cf)oKa 

C 3aBIIClIMOCThIO OT BpeMeHII, JJ.OIIOJIHeHHYIO KOppeJI5IUlIOHHbIM '-IJTe

HOM, rrplIXOJJ.lIM K KBa3lIKJiaCCII"CJeCKOMY rrpe;::i:eny ypaBHeirn5I JJ.JT5I 

cpyHKUIIII B:virHepa: 

af P af av af 
-+-•-----=frel at m or or op (1) 

IlJrn orrpe;::i:eneHlI5I penaKcau1IoHHoro "CJJieHa HaMlI IICIIOJih3yeTcSI rrp1I-

6JIII)KeHIIe cpe;::i:Hero BpeMeHII peJiaKCaUIIII, c ;::i:o6aBO"CJHhIM '-IJJeHOM, 

Y"CJIIThIBaIOIUlIM coxpaHeHlie IIJIOTHOCTlI, lIMIIYJibCa lI 3HeprIIlI CTaJI

KlIBaIOIU,lIXOi -qacTIIU B Ka)KJJ.Oii TO"CJKe rrpocTpaHCTBa. II plIMeHeHIIe 

MeTOJJ.a MOMeHTOB no lIMIIYJibCaM II KO0pJJ.lIHaTaM (MeTo;::i:a BlipliaJib

HbIX TeopeM) rrplIBOJJ.lIT Hae K ClICTeMe ;::i:mpcpepeHUliaJibHbIX ypaB

HeHIIH, orrpe,::i:eJI5IIOIU,lIX KBa;::i:pynorrhHhIH M0MeHT cIIcTeMbI: 

Q(t) = m j dr (2z2 
- x2 

- y2)n(r, t) 

ll (>.,µ) = (2,0) KOMIIOHeHTY TeH3opa BHyTpeHHeii "CJaCTlI KIIHeTlI

"CJeCKOM 3Heprmi: IIJilI KBa;::i:pyrroJibHhIM M0MeHT B MMIIYJihCHOM rrpo

cTpaHCTBe: 

II2,o 

Pi,j(r, t) 

J dr (2Pz,z(r, t) - Px,x(r, t) - Py,y(r, t)) 

! j dp (Pi - mui)(pj - mui)f(r, p, t) 

Ilrr5I pernemrn rrorry"CJeHHoii ClICTeMhI ypasHeHIIH 

1 d2Q .r 

2 dt 2 = K 2,0 - W2,o + II2,o( t) 

d l 
dtII2,o +Fps= -;(II2,o + 1r2,o) 

;::i:erraIOTC5I CJieJJ.yIOIU,IIe npI-I6JIII)KeHII5I: 
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(2) 

(3) 
,. 

• q>0pMa CJIIIBaIOIUeMCSI CMCTeMhl rrpttHaJJ.Jie)KlIT K ceMettCTBY 

JJCMHHCKa T0HJI., 

A ✓ 3 R(a,r) = R(a) l + a( 2cos 2 0- l), 

r;::i:e R( a) HOpMI1p0B0'-!HbIM MHO)KHTeJib rapaHTHp.YIOIUHii co

xpaHeI-rne o6'beMa; 

• none K0JJJJeKTlIBHblX CKOpOCTett fl0TCHU11aJibH0 l1 B Ka)KJJ.bIM 

M0MeHT BpeMeHI1 orrpenemi:eTC5I rpaHlI'-!HblMlI ycJIOBI15!MH; 

e rJiaBHbIM BKJia,Il. B 51,UepHblM II0TeHUHaJI BH0CSIT KYJIOHOBCKaSI 

H rrosepxH0CTHa5! 3Hepr1111. 

II pH BhITIOJIHeHHlI 3THX ycnoBHM, cpyHKlll1H, BXOJJ.5!IU,tte B ypasHe

Hl15! ( 2)' ( 3)' 0Ka3bIBaIOTC5! 3aBHC5Illl,l1Ml1 T0JibK0 OT napaMeTpa 

cpopMbl a 11 0CHOBHbIX xapaKTepHCTHK 51;::i:epHOM ClICTeMbI, TaKlIX KaK 

lIX 3ap5!JJ., Macca H o6'beM. IIpH TaK BhI6paHHOM rrapaMeTpH3aUHII 

cpopMbI, KBa.upynoJibHblM M0MeHT ClICTeMbI 5!BJI5!eTC5! OJJ.H03Ha'-IHOM 

cpyHKUHett rrapaMeTpa cpopMbl a, rrplI"CJeM ero 3aBHCHMOCTb OT 3TOf'O 

napaMeTpa 6JIH3Ka K JIHHettHott. 

IlonycKaeTc5! 3aBHCHMOCTb cpynKUHOHaJThHbIX napaMeTpoB K2,o, 

W 2,o, Fps H napaMeTpa cpe;::i:Hero speMeHH penaKcaum1 T oT KOJIH

-qecTBa 3HeprHH, rrepewe;::i:rneii 113 KOJIJJeKTHBHOM B 3Heprmo CTaTH

CTH'-IeCKOro so36y)KJJ.eHH5!, HJIII TeMrrepaTyphI T. MbI npttHttMaeM, 

"CJTO BeJII-I"CJIIHa f, o6paTHaR napaMeTpy T, MO)KeT 6bITb npeJJ.CTa-

BJieHa B BHJJ.e: 

r(T) = ~ = r o ( 1 + c r 2
) . 

T 

BeJJlfl.UrHa f o <pHKCHpyeTC5! HaMH l13 3MII11pl1'-ICCKI1X ;::i:aHHblX TO 

eCTb l13 ycJIOBI15!, '-ITO CHCTeMa ypaBHeHHM, onpeneJI5!IOU~aSI JJ.l1Ha

MHKY CJIMSIHH5!, npaBMJibHO OIIHCbIBaeT TaK)Ke l1 lIHtpMHLI nepBblX 

Tpex l130CKaJrnpHbIX rttraHTCKHX pe3oHaHC0B npH HYJICBOM TeMne

paType. 3To ycJIOBHC naeT r O = 24.9 A- 1
/
3 

M3B. 
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Mepoii: ;urcc11rrau1u1 KOJIJieKTHBHOM :mepnrn MO)KCT c11y.tK11T1, 

CKOpOCTb H3MeHeH11H 3HTpOIIHH. ITpenrroJJO)KHM lJ:TO ct>YIIKIU151 pac

npe.ueneHl151, OIIHCbIBaI01ua51 pacrrpe.ueneH11e H.YKJJOHOB, cocraBJrn10-

IIHIX Cl1CTeMy, no Koop.rurnaTaM JI 11MII.YJibCaM, HMeeT BHJl: 

J(r,p,t) = h-30(R(a(t),f)- r) ¢(r,p,t) 

3.uecb 0(R(a(t), f) - r) - CTyrreHlJ:aTa51 q>yHKu1rn, paBHa51 e.umrnuc 

BHYTPH rroBepxHocTH, onpe.ueneHHOH .uaHHbIM 3HalJ:e1rneM rrapaMc

Tpa a, H H.YJJIO BHe ee. 3aBHCHMOCTb cf>YHKUHH pacrrpe.ueneHH51 OT 

HMII.YJihca onpe.uenHeTC51 cne,n:y10m11M o6pa3oM: 

<P(r, p, t) = ( I+ exp (L,(1+ "•~gr /2m - ,, ) r (4) 

rne q = p - mu(r, t) II µ -XIIMIIlJ:ecKIIH rr0Te11uttan. TaKoii: BH.Il 

cf>YHKUHH pacnpe.uenemu1 o6ecrreqHBaeT rrpaBHJJbHOe pacrrpe.uene

HHe KonneKTHBHOii cKopocTII u( r, t). Ko3q>q>HUHeHThI ai Haxo,n:HTCH 

l13 ycJJOBHH IIOCTOjJHCTBa IIJ10THOCTl1 l1 COOTHOllleHHH MC)K.UY BHY

TpCHHCM 3HeprHeiI l1 BeJJIIqHnoii: IT 2,0 . I1crronh3YH Bbipa)KeHHe J.lJ1jJ 

.3HTponmr q>epMH-ra3a rronyqaeM cne.uyIOmee .UHq>q>epem.1,HaJ1bHoe 

ypaBHeH11e, orrpe.uen51IOU{ee l13MeHeHHe TeMrrepaTyphI co BpeMeHeM: 

dT 2 

dt 

6µ2 

1r 2r(l -(1rT/tp) 2 /12) 

u5 La/ + ~ Oe;" _ : Gte~nfr) (5) 

<PopMyJJhI ( 2), ( 3), ( 5) o6pa3yIOT 3aMKHYTYIO CHCTeMy ypaBHeHHM, 

onpe,n:eJJH!Oll{.YIO .[{l1HaMIIKY cmrnHIIH rrocne KOHTaKTa. 

B napa2paifie (2.1) 11acT0Hmeii: r naBhI rrpe,n:cTaBJICHbI pe3ynh

Ta Tb! rrpIIMeHeHIIH .QaHHOM MO.[{CJ1II K paCCMOTpCHIIIO CJIMHHII51 11,[{eH

TIIqHbIX 51,Uep rrpII no60BbIX CTOJ1KHOBCHlfjJX. IToKa3aHo, qTo rrpo

uecc CJ11151HHH .uenMTC51 Ha ,n:Be q>a3hI. B npo.uomKeHIIe 6bicTpoii 
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qrn3hI rrpouecca, cne,n:yIOmeit cpa3y rrocne CTOJIKHOBemrn jJ.IJ:ep, Tpe

HIIe B rrpIIBbiqHoM IIOHIIMaHHII l1Cqe3aeT, a O,UHa l13 BCJIMqHH, OTBeT

CTBCHHbIX 3a Hero - TeH30p HaTH)KCHHM, rrpHBO,[{HT K Kap.ui-rnaJih

HOMY H3MeHeI-IHIO yrrpyrIIx CBOHCTB HJ.lepHOH cpe.IlbI. B pe3yrrhTaTe, 

rrapTHCpbI peaKUl1l1 CJIHHHHH CHaqaJia 3B0JIIOUHOHHPYIOT KaK yrrpy

I'IIC Terra. 3a rrepBon rrorrhITKOH 061,e,n:HHeHHjJ crre.IlyeT .3BOJIIOUl1jJ 

B o6paTHOM HarrpaBJieHHH, KOTOpaH MO)KeT rrpHBecnr K pa3JieTy 

CTOJIKH.YBIIHIXC51 H,n:ep, .rra)Ke ecJIH 6ap1,ep 6wrr rrpeo,lleJieH. EcnH 

3TOro He cnyqaeTCjJ, CHCTeMa HCilbITbIBaeT HCCKOJibKO 3aTyxaIO

li{HX OCU11JIJIHUl1H CBOeH cf>opMhI l1 JIMlllb rrocne 3Toro MOHOTOHHO 

rrpIIXO,UHT K paBHOBeCHIO. l.JacTOTa OCUHJIJI51UHH cf>opMhl H KOJie6a

Hl1H rKP COBIIa,n:aIOT ITO rrop51.IlKY BeJIHqHHhI. BpeMjJ, Tpe6y10meec51 

,UJI51 .IlOCTH)KCHl1jJ paBHOBeCHOH ( cq>epHqecKOH) cf>opMbI Ha O,UHH-,UBa 

rrop51.IIKa 6oJihIIIe l1 paBHHeTc51 rrprr6rrH3HTeJibHO 10-20 
ceK. OrrncaH

HbIH Tl1Il 3BOJ1IOUl1l1 H3BeCTeH B JIHTepaType ITO)], Ha3BaHHCM 3JiaCTO

rrnaCTHqecKOro. On xapaKTepn3yeT CHCTCMhI 06rra.ua10mtte "rraMjJ

TbIO". 

DbIJIO IIOKa3aHo, qTO ,UJIH Toro, qTo6hl ,UBa jJJipa CJIHJIHCh, Tpe-

6yeTCjJ HeKOTopajJ H36hIToqHajJ no OTHOlllCHHIO K 3HepreTnqecKoMy 

6apbepy 3HeprHH, BerrrrqrrHa KOTopoii CTaHOBHTCjJ oco6eHHO omy

THMa ,UJIH Tex CHCTeM, rrapaMeTp ,UCJIHMOCTH X KOTOphlx, rrpeBbl

IIIaeT 3HaqeHHe 0.6. 
TeMrrepaTypa CHCTCMhl ,UOCTHraeT 3HaqeHl151 6JIH3KOro K MaK

CHMaJibHOMY 3a BpeMeHa rrop51.IIKa rrepBoH q>a3hI npouecca, Kor.Ila 

q>opMa CHCTeMbI eme .uarreKa OT paBHOBCCHOH. 3To He MO)KCT ne 

CKa3aTbCH Ha xapaKTepHCTHKaX H3JiyqeHHjJ, HcrrycKaeMoro CHCTe

MOH Ha rryTH K CJIHjJHHIO. 

B napa2paifie 2.26bIJIO pacCMOTpeHo npO}!BJICHHe .UHHaMHKH CJIH

HHH51 B crreKTpe ,-H3JiyqeHHjJ. B (2. 2.1) 6bIJil1 rrpHBC,IICHhl OCHOB

Hhie cpopMyJihI, ITO KOTOphIM paccql1TbIBaeTCjJ HHTCHCHBHOCTb H aHl1-

30TpOIIHH ,UHilOJibHOro CTaTHCTHqecKoro ,-H3JiyqeHH51 H3 o6JiaCTl1 

rHraHTCKHX .IIHIIOJibHhIX pe30HaHCOB. IlpH pacqeTe ITJIOTHOCTH ypoB

HCH yqHThIBaJIOCb OXJia)K,IIeHHe CHCTCMhI 3a cqeT rrcrrycKaHIUI HeH

TpOHOB. B (2.2.2) rrpHBC,IICHhl pe3JJihTaThI BhlqHcJieHMH HHTeH-
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CIIBHOCTII ,-II3Jiy"Y.eHIIH, IIOKa3bIBaIOruIIe "9.TO aHII30TpOIIII}I )lIIIIOJib

HOro II3Jiy"Y.eHII}I rrpII CTOJIKHOBeHIIII II)leHTII"Y.HbIX IIOHOB rrpll MaJiblX 

yrJIOBblX MOMeHTaX OTJIH'rna OT HYJIH, '-ITO }IBJI}IeTC}I }IpKIIM npo

HBJieHIIeM .Z:J:HHaMllt.IeCKIIX 3<p<peKTOB rrpII CJill}IHIIII. 

B napa2paifje 2.3 rrpIIBO,UHTCH 3aKJIIO'-IIITeJlhHbie 3aMet.IaHl1}I K 

,naHHOli rJiaBe, no,n-qepKIIBaeTCH, '-ITO IIOBe)leHIIe 3JiaCTOIIJiaCTHt.Ie

CKIIX CIICTeM )IOJI)KHO cymecTBeHHO OTJIII"Y.aTC}I KaK OT ynpyn1x, TaK 

II OT BH3KIIX TeJI. B qacTHOCTII, IIMe}I B BII.lIY TeCHhre CB}I3ll Me)K.lIY 

HBJieHll}IMH )IIICCIIIIall,IIII ll <pJiyKTyaUII}IMII, MO)KHO O)KII)laTb, '-ITO 

3JiaCTOIIJiaCTII'-IHOCTb CKa)KeTC}I Ha xapaKTepe <pJIYKTyau11ii cpopMbI 

cn11BaI01UeiicH c11cTeMhI. lby"Y.eHIIIO 3Toii rrpo6neMhI rrocB}IIUeHhI 

cnenyIOrn:11e rnaBhI. 

B rJiaBe 3 paccM0TpeHhI HarpeBam1e 11 cpnyKTyauII11 B 3Jia

cTonnacTII"Y.ecKIIX CHCTeMaX Ha rrpIIMepe ypaBHeHHli, }IBJI}IIOIUHXC}I 

rrp116JIH)KeHHOli cpopMOli ypaBHeHIIli ( 2), ( 3)' IICII0Jlh30BaHHbIX B 

rrpe.UhI.lIYIUeii rnaBe. 

B napa2paifje 3.1 ,UJI}I ypaBHeHIIM .lIBH)KeHII}I, orrpeneneHHhIX B 

Hat.IaJie ,naHHOH rnaBhI, 6bma perneHa o6paTHa}I 3a,Ua"Y.a KJiacc11qe

cKoii MexaHHKll, TO eCTh, 6bIJIII HaH)leHhl narpaH)KHaH, raMIIJibTO

HIIaH II <pyHKUIIH P3JieH ClICTeMbl. 8To TI03BOJI1IJIO onpe.z:reJIIITh, KaK 

pacnpeneJI}IeTC}I 3Hepr1I}I Me2K.UY CTaTlICTlI"Y.eCKOli 1I KOJIJieKTHBHOH 

KOMIIOHeHTaMlI. ObIJia TaK)Ke Haii.ueHa 3aBllCHM0CTb TeMnepaTypbl 

ClICTeMbI OT BpeMeHH. TeMrrepaTypa onpe,neJI}IJiaCh llHblM crroco-

6oM, t.IeM B rrpe.UhI.lIYIUeH rnaBe, He 1ICITOJih3Y}I rrapaMeTp1nau1110 

<pyHKUHH pacrrpe.ueneHll}I, '-ITO 06ecneq11JIO TO'-IHOe BbITI0JIHeHIIe 3a

K0Ha coxpaHeHII}I 3HeprIIH. 

B napa2paifje 3. 2 6bIJI1I paccM0TpeHhl <pJIYKTyaUlllI B KJiacrnqe

CKIIX 3rracTorrnacT1I"Y.ecK1IX cIIcTeMax. IIepeH.ll}I OT MaKpocKorrIIt.Ie

cKoro K MIIKpocK0IIII"Y.eCK0MY 0IIHCaHIIIO, no aHaJIOrllH C OIIHCaHlleM 

.UBII2KeHHH 6poyHOBCKOli -qaCTHUhl B paCTB0pe, 6bIJIII pacct.IlITaHhl 

cpnyKTyau,IIlI ocHOBHhIX KOJIJieKTHBHhlX rrepeMeHHhIX. IloKa3aHo, 

'-ITO HapacTaHHe TeIIJIOBbIX <pJIYKTyaUIIli cpopMbl H,Upa OTCTaeT OT 

cKopocTM B03pacTaH1I}I TeMnepaTyphI. CToxacTIIt.J:ecKIIe cBoiicTBa 

CIICTeMbl MO)KHO TaK)Ke om1caTb BB0)l}I cpyHKUIIIO pacnpe.uerreHH}I 
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<I> ( Q' Q' II; t)' KOTOpa}I orrpe.ueJI}IeT Bep0}ITH0CTb Toro, '-ITO CHCTeMa 

B MOMCHT BpeMeHH t 6y.ueT HaXO.IU1TbCH B coc1:o}IHHH C 3a,UaHHblMH 

3Ha<IemrnMII K0JIJieKTHBHhrx rrepeMeHHhIX Q, Q 11 IT. EcnH npHMe

HHTb K paccMa TpIIBaeMoMy CT0XaCTH'-IeCKOMy rrpoueccy MCT0.ll, KO

TOphIH 11cnoJ1h3yeTC}I JJ.JI}I BbIBO,Ua ypaBHeHII}I ¢oKKepa-IInaHKa, TO 

nonrrnM cnenyIOIUIIM BH.U ypaB:ieHH}I, onpenen}IJ01Uero 3B0JIIOUIIIO 

<pyHKIJIIH pacrrpe.ueneHH}I <I>(Q, Q, IT; t): 

- + Q- + (2I1 - aQ)-. - - -Q + - <I> a<I> . a<I> a<I> a ( (fJ . rr) ) 
at aQ aQ arr 2 r 

l ( {Jo- ) 2 a2<I> 
2 4MQ arP 0 (6) 

r.z:re napaMeTp 17 MO)KeT 6bITh orrpe.z:reneH ll3 .lllICCIIIIall,H0HHO-<pJiyK

Tyau110HH0ro COOTHornemrn 3ttHII1TeHHa: 

( 
{Jo- ) 2 

4MQ 

l kT{J --
2rMQ (7) 

ITpoBe.n:eHHhie Hccne.rroBaHII}I rroKa3an11, '-ITO B Hal.Jane npouecca 

3Ha'-IIITeJibHa}I '-IaCTh KOJIJICKTIIBHOM 3Hepr1111 aKKyMyn11pyeTC}I B 

KBa.npynoJibHhIX KOJie6aHlfj{X IIOBepXHOCTH ¢epM11. 

B napa2paifje 3. 3 paccMaTprrnanoch .n:11ccIIrrau110nno--cpnyKTya

u110Hnoe C00THornem1e B 3JiaCT0IIJiaCTII'-IeCKIIX CHCTeMax. IIoKa-

3aHo, '-ITO aMIIJIIITY.Ua cpnyKTyaum1 OTHOCIITeJibHO cpe.ru1e11 TpaeK

TOpIUI 3aBHCIIT He T0JihKO OT MrH0BeHHoro 3Ha'-IeHIIjf TeMnepaTyphI 

CHCTeMhI, HO II OT CKOpOCTII 113MeHemui BeJil1'-Il1HbI Q. 
B napa2paifje 3.4 npe.rrcTaBJieH crroco6 pac'-IeTa np116J1tt)Ke1111011 

<pyHKUHII pacrrpe.uenen11}I, cooTBeTCTBYJOIIJei1 nony,rennoMy KH 11<'

TII'-IecKoMy ypaBHeHIIIO. 

B napa2paifje 3.5 C IIOMOIIJbIO anropIITMa Bbl'U1CJJeHl1SI llf)H6J111-

)KeHHOH cpyHKu,1111 pacnpe.z:reneHIIjf, on11cannoro B IIfWJlbIJJ.YlllCM na

parpacpe, 6bIJI npoBe.n:en pac"Y.eT KOHKypenu1111 CJIHSIIIHSI II 61-,1cTporo 

.n:eneHHH. bbIJIO TIOKa3ano, '-ITO Teop1rn B COCT0j{Hlll1 o61,}ICIB1Th KOII

Kypenu,HJO Me2K.uy CJ111}IJ-111eM II 6bJCTpblM )leJICHl1CM, SIBJJj{IOIIUiMCH 

11 

I 

I 
I 



cne,UCTBl1eM CJJY,-JaMHb!X OTKJJOHeHl1J1 OT cpe,uHett TpaeKTOp1111, Be

,uyme11 K paBHoBecHott ¢opMc. OueHKtt, npe,ucTaBJieHHbie B ,uaHHOH 

rnaBe, l1MeIOT Ka'-!eCTBeHHbll1 xapaKTep, TaK KaK 0CHOBhIBa!OTO! He, 

yrrpollleHHOH Mo.ueJ111. 
B napa2paif5e 3. 6 ,uaHhI 3aKJIIO'-!MTeJJhHbie 3aMe'-!aHl15! K r naBe 3. 

B rJiaee 4 paccMoTpeHa KaHoHtt'-!ecKa5! ¢opMa 3nacTorrnacT11-

qecKOH Mo,ue1111 sr,uepHoro CJ1115!Hl15!, rroKa1aHo, TITO aHaJ1113 ¢11yK

Tyan1111 B 3JiaCT0IIJiaCTl1'-!eCKHX CHCTeMaX, rrpoBe,UCHHbll1 B npeJlLl

,uywe11 r JiaBe, npe,ucTaBJ15!eT OCHOBY, c IT0M0illb!O KOTopoi:'r MO)KHO 

OIIHChIBaTh CTaTHCTJ1'-!eCKJ1e CBOMCTBa 6onee CJIO)KHbIX, a 3Ha'-!MT, 

6m1ee pea.'U1CTM<JeCKl1X CMCTCM. 

B napa2paif5e 4 .1 nony<reHa KaHOHH'-!eCKa5! ¢op Ma ypaBHeHHM 

,UBH)KeH11sr, Bbrne,ueHHhIX B r JraBe 2. Hai1,ueH KOJ1J1eKTHBHbIH ra

MHJILT0HttaH 3J1aCTOIIJ1aCTH'-ICCKOl1 CMCTeMbI, OII!1Cb!Bal01Ue11 CJ1115!

HHe SI,uep. B 3T0M naparpa¢e peweH eme 0JlHH Ba)KHhIH Bonpoc: 

ycTaHoBneH BH.U <rnena pe11aKcaum1, 06ecne<r11BaK)lUHH Bhmonne

m1e BToporo 3aKoHa TepMoJ111HaMHK11; 3aK0Ha, cornacno K0TopoMy 

3HTpOIIM5! SIBJI5!eTcSI ney61,rnaIOu~ei1 ¢yHKUHe11 BpeMCHH. UennocTb 

3TOI'O pe3y.'1LTaTa CB5!3aHa C npaKTH<reCKM HeonpCOJ10Jll1Mb!Ml1 TPYJJ.

HOCT5!MM TO'-!HO['O paC'-!eTa 3TOM BeJIH'-!HHbI HCXO,U5! 113 MHKpOCKOIIH

qeCKOM Teop1111. 
B napa2paif5e 4- 2 npe,ucTaBneHbI 3aKJIIO'-!I1TeJibHhIC 3aMe'-!aHHSI 

K ,uaHHOH r naBe. I1oKa3aHo, TJTO ¢opMaJIH3M, orr11caJIHhIH B ,uaH

HOH r naBe, HBJ15!eTC5! rrpe,unocbIJ1KOH nrram1pyeMoro B ,uam,HeiiweM 

KOJ1l1TJeCTBeHHOrO OIIHCaHl15! 3¢¢eKTOB, CBSI3aHI-IbIX C 3J1aCTOIIJiaCTI1-

qecKHMH CBOJ1CTBaMl1 5!,Uep l1 rrpoSIBJ1.SIIOlUHXC5! B npoueccax 11X CJ!l1-

5!Hl15!. IT po,ueMOHCTpttpoBaB, '-!TO ypaBHeHHSI ,llBH)KeHl15!' BbJBe,ueH

Hbie B rrraBe 2, MO)KHO np11BeCTl1 K KaHOHHTJeCKOM ¢opMe, Mhl TeM 

caMblM OTKpbIJ1l1 ,UJ1.SI ce6.SI IIYTb H3y'-!eHHSI TeX 3¢¢eKTOB, K0T0pbie 

6bIJIH on11caHbI B r JiaBe 3' HO y)Ke He BBO,ll5! npHH5!ThIX paHee ynpo

maIOilll1X npe,urroJio)KeHHH. 

B 3aKJnoqeHIH1 ¢opMyn11py10TC5! OCHOBHbie Bb!BO,Ubl II rJ1aB

Hbie pe3yJibTaThI ,u11ccepTaUHOHHOM pa60ThI, BbIH0CHMbie Ha 3a

WHTy. 
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