IIncema B AMIATD, Tom 76, BBIN. 6, c. 406 —410

© 2002r. 25 cenTAGpA

IlpeacraBieHue BUXPEBbIX JUHUIN OJA TedeHUWI HealbHON M BA3KOI
MUOKOCTEHN

E. A. KysneroBY)

HHcTuTyT TeopeTndeckod ¢usuru um. JI. JI. Jannay PAH, 119334 MockBa, Poccua

IToctynuna B pegakuuio 8 aBrycra 2002 r.

IlokazaHo, 4To ruApoAMHAMUKA Jiilepa NIfA BUXPEBBIX TeUeHWIl MAealbHO MUIKOCTY COBINAJAET C ypaB-
HEHUAMU JBUEHUA NI 3aPAMEHHON CKMMaeMoif MUITKOCTH, ABUralomelica moj geficTBIEM caMoCOriacoBaH-
HOT'0 3IeKTpoMarHuTHoro nond. Ilepexon k marpaH#<eBOMY ONMCaHUIO B HOBOI 'MApPOJVHAMHKe SKBUBaleHTEH
Il ypaBHeHMi Jillepa cMellaHHOMY larpaH:;KeBo-3ilIepoBOMY ONMUCaHUIO — NPEACTaBIEHUIO BUXPEBBIX TUHUM
(IIBJI) [5]. Buaaromapd cMMaeMOCTH HOBOW TMAPOAMHAMMKMN, KOIIANC BUXPEBBIX TeYEHWH HMIealbHON Hu[-
KOCTHM MO3KeT BO3HMKAThL B pe3ylbTaTe ONPOKMAbIBAHUA BUXpeBbIX auHUil. Haiineno, yto ypaBHenue HaBbe—
CrToKkca B IpefAcTaBIeHWH BUXPEBBIX IMHUH CBOOUTCA K ypaBHeHMIO Auddy3noHHOro THIa JJIA MHBapHUaHTa
HKomu ¢ TeHsopom auddysun, 3agaBaemoMm mMeTpukoit IIBJI.

PACS: 47.15.Ki, 47.32.Cc

1. Konnanc, kak mpomecc o6pa3oBaHuA 0CoOEHHOC-
TU 3a KOHEUYHOe BpeMfA U3 HavalbHO IlIaJKOro pacrpe-
JelleHNs, urpaeT NPUHIUNKAAILHO BasKHYIO polb B (u-
3UKe, npeacTaBiad coboit onuH U3 Haubonee 3P PeKTUB-
HBIX MeXaHHW3MOB Juccunanuu sHepruu. [lna rugpoau-
HaMUKKM HeCHUMaeMo! MUAKOCTHU KONIANC JONKEeH Wr-
paTh TaK#e BecbMa BasKHYIO pollb. XOpOLIO M3BECTHO,
YTO nofAiBiIeHNe 0cOGEHHOCTU B ra3oflMHaMuKe, TO eCThb B
C}KMMaeMoil rujpoJjHaMIKe, CBA3aHO C AIBIEHUEM ONPO-
KUJbIBaHUA, KOTOpPOe €CThb OCHOBHaA NpUYKMHA (HOpPMU-
poBaHuA ynapHbIX BoaH. C TOUKM 3peHHA KIaccuyec-
KO Teopum KatacTpod [1] 3TOT npouecc ecTb HU YTO
WHOe, Kak (opMupoBaHue cKkiafok. OH NMOMHOCTBIO Xa-
paKTepusyeTcs oTobpa;ieHueM, ONKUChIBAIOMINM I1epexos
OT 3iiNepoBOro onucaHuf K narpaHeBoMy. O6paieHue
fAroOuanHa J 3Toro orobpaseHua B HyJb 03HavYaeT MOAB-
leHre 0cOGEHHOCTU [ TPOM3BOAHBIX CKOPOCTH U MJIOT-
HOCTH rasa. B HecKuMaeMOM cliyyae ONPOKHIbIBAHUE
OTCYTCTBY€ET, NOCKOIbKY fKOOMAH COOTBETCTBYIOLIErO
oToOpaseHua (QUKCUpOBaH, B IpocTeiilieil KanubpoBKe
oH paBeH exunuie. Ilo sToit npuunne, Kaszanock 6bl, HET
HUKaKUX OCHOBaHUI IJA CyLIECTBOBaHUA TaKoro poja
ApneHuii. OgHaKo, HECMOTPA Ha 3TO, ONPOKU]LIBaHMUE,
Kak GbLI0 yKasaHo B paborax [2—4], BO3MOHO U B 3TOM
cnyuae. OHO BO3HUKaeT ANA BUXPeBbIX NuHuUil. B ot-
Ju4yne OT ONPOKUABIBAHUA B ra3ofnHaMuKe, Korja ojHa
TpaeKTOPUA JlarPaHsKeBol YacTUIIbI lepecekaeTcs C Tpa-
eKTopueil Ipyroit narpaHeBoil YacTUIbl, ONPOKUILIBA-
HUe BUXDPEBLIX NIUHUI 03Ha4YaeT, UTO OJHA BUXPeBas lu-
HUA JOTOHAET APYTYIO BUXpeBylo nMuHHIO. [lnA rnagko-
ro HeNpPephLIBHOI'O pacnpejeleHnsa 3aBUXPEHHOCTH OIPo-
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KUJbIBAHUE B NMEpBBI MOMEHT HAcTyMmaeT NMPHU KacaHUU
BUXPEBBIX TUHUI B 0JHO! OTAeNbHOI Touke. [Ipu aToM B
TOYKe KacaHuf 3aBUXPEHHOCTL o6pamjaerca B GeCKOHEY-
HOCTh. U 3TO BO3MO#HO, HECMOTPA Ha HECHKUMAEMOCTh
BEKTOPHBIX IOJEM 3aBUXPEHHOCTH M CKOPOCTH KUIKOC-
Tu. JlnA onvcaHuA ONpPOKULIBAHUA BUXPEBBIX TUHUI B
pabotax [5, 6] 6bLI0 NpeIONEHO NpeCTaBIeHIe BUXPe-
BBIX JUHUI — CMeIIaHHOE J1arpaH;KeBo-3iIePOBoe ONKca-
HUe, KOrJla KamjJafd BUXpeBad IMHUA HyMepyeTcA JABY-
MEepHBIM llarpaHeBbIM MapKepoM, a ApYyroil mapameTp
3aJaeT caMy BUXDPEBYIO JTUHUIO.

Iannaa paGoTa mocBAlleHa pasBUTHUIO 3TOT0 MeToa
NPUMEHUTENbHO KaK K UJealbHbIM, TaK U BASKUM KUI-
KocTAM. B paGoTe BblfACHEHa poib NepeMeHHBIX Kiel-
ma, KOTOpblE MOryT ObITh HKCNONB30BaHbl B KavyecTBe
JarpaH;{eBbIX MapKepoB BuxpeBbix nunuii. Ilepemen-
uple KieGma, ogHako, FOAATCA TOJNLKO AJA JIOKalbHO-
ro onucanufa. B cutyanuu o6Iero nojioKeHUA Mepexon
K TpeACTaBIEHUIO BUXPEBBIX IUHUN B ypaBHeHUM IJii-
jlepa DKBUBAJEHTEH PacCMOTPEHHUIO HOBOW CHHMaeMoOH
FUAPOJUHAMUKY 3apAMEeHHON MUNKOCTH, ABUTaoIIeiicA
noj JefCTBHEM CaMOCOIIAaCOBaHHBIX 3JIEKTPUYECKUX U
MarHuTHbIX moneit. I[lpu 3ToMm siaerTpuyecKoe M Mmar-
HUTHOE TOJA YJOBIETBOPAIOT Nape ypaBHeHuit Makc-
Be/ia. BamubpIM 37ech ABIAETCA CHHUMaeMOCTb HOBOM
FUAPOJUHAMUKY, YTO MPU €e JarpaH#eBOM ONUCAHUU
03HayaeT C;KUMaeMOCTh 0TOOpaxeHNs 1, COOTBETCTBEH-
HO, BO3MOJKHOCTb ONpPOKMAbIBaHMA. B TepMuHax siine-
POBBIX XapaKTEPUCTUK B pe3ylbTaTe ONPOKHUIbIBAHUA
BUXPEBBIX JMHUI 3aBUXPEHHOCTb CKOPOCTH rot v = )
craHoBUTcA GeckoHeuHoii. B pamKax HOBo# ruapoauHa-
MHUKU 3apfiKeHHON KUJKOCTU POJb NMIOTHOCTU UTrpaeT
BenuuunHa, obpaTHasa J, KOTOPYIO eCTECTBEHHO Ha3BaTh
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IJIOTHOCTBIO BUXPEBBIX JTMHUH. IJTa BelUMYNHA BO3HU-
raeT u3 opmyinsl Komwu ana 3aBuxpennoctu (). Usme-
HEHUe MIOTHOCTH BUXPEBBIX NUHUIN 06f3aHO HOpMAlb-
HON K 3aBUXPEHHOCTHU KOMIIOHEHTe cKopocTu. HKak mo-
Ka3aHo B JaHHOI pa6ote, ¢popmyna Komu Momer ObITh
moilyuyeHa Kak u3 “HoBoit” TeopeMb! KenbBuHa 0 coxpa-
HEHUU LUPKYJIALUU, TaK U UCXOAA M3 aHauora npeot-
pasoBanuna BeGepa. B pesynbTaTe ypaBHeHusa Jiinepa
OKa3bIBAIOTCA pa3pelleHHbIMU OTHOCUTENLHO UHBapUaH-
ToB Komwu — 6eckoHEYHOr0 YKcia HHTEr PalOB JBUMEHNA.
B sTOM cinyuyae MO#HO roBOpPUTE 06 ypaBHeHUAX Jiile-
pa Kak 0 YaCTUYHO MPOMHTErPUPOBaHHBIX YPaBHEHHUAX.
9To 06CTOATENbCTBO MPUHIUNUANBLHO BadHO NPU YHC-
JIeHHOM WHTEerpUpOBaHUU ypaBHeHUi Jiinepa.

HIpencraBnenne Buxpesbix auuwii (IIBJI) moser
ObIThb NPUMEHEHO He TONBbKO K MAealbHOH T'MApPOANHA-
MUEKe, HO TaKse JJIfl ONMCAaHUA TeYeHUN BA3KOH HECHU-
MaeMoii KUJKOCTH B paMKax ypaBHeHus HaBoe—Crokca.
B paGote monyueHo ypaBHeHue nuddys3uOHHOro THUIA,
omnychIBalollee JUHAMHUKY MHBapuaHTa Homm B BA3KOM
cryyae ¢ “tensopom audysuu”, onpenenfieMbIM MET-
puxroit IIBJI. Ilo cBoeit popme 3T0 ypaBHEHUE coBHANO C
ypaBHeHueM, BbiBefeHHBIM B [7]. IIpu 3TOM ypaBHeHus
JIBUMEHUA BUXPEBLIX IUHUN — B CBOI1 npexHeil ¢popme —
NOHMMAIOTCA KaK ypaBHEeHNA, 3aJalolIye epexo] B Kpu-
BOJIMHEHHYI0 cucTeMy KoopauHat. IlonydeHHbIe TOUHbBIE
YPaBHEHHA 1JA ONUCAaHUA BA3KUX TEUEHUN MOMKHO pac-
cMaTpuBaTh KaKk pe3ylbTaT TOYHOIrO pa3fieieHUufl IBYX
BPEMEHHBIX MAaclITaGoB — UHEPLUUOHHOrO (HeIWHEeHHOro
0 CyTH) U BA3KOTO.

2. Kar usBectHo (cM., Hampumep, 063opsl [8, 9]),
ypaBHeHUsA JitNepa IIA HeCKUMaeMoi uaeanbHON HU-
KOCTH

ov/dt+ (vV)v =—-Vp, divv=0, (1)

Kak J1A ABYMEpHBIX, TaKk U A TPEXMEPHBIX TeUYeHUi
o6nanaT GECKOHEYHBIM YMCIOM HHTEPANOB JBUMEHNA.
JTo Tak Ha3bIBaeMble llarpaH;keBble MHBapuaHThl Ko-
mu. Haubonee npocTo BhipaseHue and uHBapuanTta Ko-
Y MOKHO MONYYUTh, UCXOAA U3 TeopeMbl KenbBuHa 0
COXPaHeHUM LUPRYJIALUU CKOPOCTH:

= ?f(v-dl), 2)

rae KoHTyp uuterpuposanusa C[r(t)] nBuraerca Bmec-
Te ¢ MUAKOCTbIO. EciM B 3TOM BblpaseHUM NepeiTH
OT 3iNIepOBBIX KOOPAMHAT T K larpaHeBbIM a, To (2)
NepenuiIeTcA B BUIe

' da

rie koutyp Cla] yme GyneT HENOXBUMKHBIM.
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B cuny npousBonbHocTH KoHTypa Cla] m Gnaroza-
pa ¢opmyne CTokca, oTcIOla HEMEJIEHHO CIEeIyeT, UYTO
BellMYUHA

. Ox;
I =rot, mia (3)

coXpaHfieTci B KamIoil ToYKe a. IJTO U €CTh JarpaH-
s#eB uHBapnanT Homu. CoxpaHeHHe STUX MHBapuaH-
TOB, KaK 3T0 6bLn0 nokasano CanmoHoM [9], o6s3aHo cre-
nuanbHoi (6eCKOHEUHOI) CUMMETPUM — CHMMETPUHU OT-
HOCHTENEHO NMepeo003HAYEHNA JIarpaHmKeBbIX MapKepOB
(relabeling symmetry). Ecnu narpansessl KoopAUHATEI
a B (3) coBnagalT ¢ HAYANILHBIMU MOJOMEHUAMU HU]-
KUX yYacTull, To uHBapuanT I coBmajaer ¢ HavanbHOI
3aBUXpeHHOCTEIO (g(a). MuBapuantsl Kowu xapawxre-
PU3YIOT BMOPOEHHOCTh BUXPEBBIX JUHUIA B HUTKOCThD.
dTO OYeHb BayHOE CBONCTBO, COrJIaCHO KOTOPOMY MHU[-
Kue (arpaH:KeBbl) YaCTHUILI HE MOTYT MOKUHYTH COGCT-
BEHHYIO BUXPEBYIO JIMHUIO, HA KOTOPOl OHU HAXOJUIUChH
B HavyanbHbIA MOMEHT BpeMeHu. [[1f narpaH:KeBbIX dac-
THUI, TaKUM 0Gpa3oM, MMEETCA OfHA HEe3aMOpOKeHHad
CTeneHb CBOGOALI — ABHMKEHUE BJIONL BUXDEBOI NHMHUM.
OnHako Takoe JBUMEHUE, KAK 3TO BUIHO U3 ypaBHEHUIA
IBUKEHUA INA 3aBUXPEHHOCTU

00 /0t =rot [v x Q], (4)

He u3MeHsAeT ee 3HaueHud. C 3Toil TOYKM 3peHUA, BUX-
peBasi IMHUA ABIAETCA NMHBAPUAHTHBIM O0GHEKTOM M €c-
TECTBEHHO MO3TOMY NMEPEUTH K TAaKOMY ONMCAHUIO, TJE
3Ta MHBAPUAHTHOCTbL BUJHA C camoro Havana. Takxoe
onucaHue — MpeJCTaBlIeHME BUXPEBBIX TUHUN — ObLIO
npezanoxeHo B paborax PyGana u aBropa [1,6].

3. Paccmorpum Buxpesoe teuenue () # 0) ngeann-
HOIi JXUIKOCTH, 3aaBaeMoe uepe3 nepeMenHrle Kuebuia
Awuop:

Q = [V x V. (5)

FeOMeTpI/I‘{eCEI/Iﬁ CMBICJI 3THUX INepeMEeHHbIX XOPOLIO U3-
BECTeH: IepeceueHune HOBerHOCTeﬁ A = const u m =
= const 3agaet BHXPEBYIO JHWHUIO. N3BecTHO TaKMe,
4YTO B HeCHMUMaeMOM clydyae nepeMeHHbIe Knebma aB-
JIAKTCA JarpaH:seBbIMU WHBapuaHTaMU, HEU3MEHHBIMU
BJOJIb TPAaeKTOPUU HMUIKUX YaCTHUIL:

o . Ou _
e + (VV)A = 0; En + (vV)p =0. (6)

IlosaToMy 3TM nmepeMeHHble MOMHO B3ATb B KauecTBe
MapKepoB BUXpeBbIX JuHMA. Jlerko ycraHaBimmBaercH,
uTo mepexo B (5) K HOBBIM NEPEMEHHBIM

)\=)\(z,y,z), ,u=,u(w,y,z), s = s(w,y,z), (7)
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rie s — mapameTp, 3ajalomuii JaHHYIO BUXDPEBYIO JHU-
HUIO, IPUBOJUT K BbIPaKEHUIO

o) = - OF. (8)
31ech
J =0(z,y,2)/0( p, 9) (9)
— AroOuaH npeobpa3oBaHuA
r=R(\ u,s). (10)

IpeoGpasosanue (10), o6paTHoe k (7), onpegenser coot-
BETCTBYIOUINI NEepexo] B KPUBOIMHENHYIO, CBA3AHHYIO
C BUXPEBBIMY JTUHUAMM, CUCTEMY KOOPAUHAT.

YpaBHeHUA IBMKEHHA BUXDPEBBIX JUHUI — ypaBHe-
uua aaa R(\, y, s,t) — MoxeT GbITh HemocpeiCTBEHHO
N0My4eHO U3 yPaBHEHNA ABUAEHHUA JJIA 3aBUXPEHHOCTHU
(4). Onnako HauGonee nPOCTO¥ crOCO6 MX MONYYEHUS —
3TO BOCINO/b30BaThcA KOMOUHanueil ypaBuenuii (6):

op

(VvV)A| = VA + (vV)u| =0, (11)

A +
ot
KOTOpaf ToM/JecTBeHHA (6) B CUIy NTUHEHHON He3aBUCH-
MocTu BeKTOopoB VA u V.

CoBepwas B (11) npeoGpasoBauusa (7), IPUXOTUM K
YDABHEHUIO IBUMEHUA BUXPeBoi nuuuu [1]:

6—R X 6—R -v(R,t) =0. (12)
0s ot

BaskHoi1 0cOGEHHOCTBIO 3TOr0 ypaBHEHHUA ABJIAETCA €ro
“nomepeyHocTh”: BCAKOE ABUMEHUE BIOJIb BUXPEBOI JIK-
HUU He MeHAeT caMy BUXPEBYIO JUHUIO. JIerKo BUAETH,
uT0 (12) KBMBaNEHTHO yPABHEHUIO

OR /0t = v,(R, 1), (13)

rge v, — HOpMallbHafAd KOMIIOHEHTa CKOPOCTU K BEKTOPY
3aBUXPEHHOCTH.

CornacHo Teopeme Ilap6y, nepemennnie KaeGira mo-
ryT GbITH BBeJeHbI JIOKAIbHO Bcerja, HO He rio6anbHO.
Xopomio U3BeCTHO, YTO TEYEHNA, NapaMeTpPU3yeMble de-
pe3 mepeMeHHble Hiue6ma, UMeIOT HyNleBoil MHBapUaHT
cnupansHocTH [ (V-rot v)dr — Tononoruyeckuit MHBapy-
aHT, XapaKkTepu3yIOU il cCTeNeHb 3aleNIeHUA BUXPEBBIX
auHuii. lloaTomy, uTo6LI BBECTHU NpeCcTaBlIeHNE BUXPe-
BBIX JUHUI AJIA Te4eHU! ¢ HeTPUBUAIbHOM ToMoJoruei,
Heo6X0aUMO 06paTUTLCA HEMOCPEeNCTBEHHO K M3HAYallb-
HBIM ypaBHEHMAM ABUMeHUsA — ypaBuenunm (1), (4) nua
CHOPOCTH U €€ 3aBUXPEHHOCTH.

4. CornacHo ypaBHeHu1o (4), TaHreHUUANbHAA K BEK-
Topy () KOMIIOHEHTA CKOPOCTH V., HE OKa3bIBaeT (IPAMO-
ro) BIMfIHMA Ha M3MEHEHUE 3aBUXPEHHOCTH, TO €CTh B

(4) BMecTO CKOpOCTH V HY#HO NOCTABUThL ee Momeped-
HYIO KOMIIOHEHTY V.

YpaBHeHUe ABUMKEHUA [JIA MONEPEYHON CKOPOCTH Vi,
cliefyer HemocpeAcTBeHHO u3 ypaBuenus (1). Ono ume-
€T BUJ YpaBHEHHA [BUKEHWUA YACTHIBI B BIEKTpoMar-
HUTHOM IIOJIE:

OV /0t + (vaV)vy = E+[va x H],  (14)

rae B(IJ(I)GP{TI/IBHLIG MoJIAA — JJIEKTPpUYECKOe U MarHUTHOE —
JaloTCA BhIpaMeHUuAMU

v2 ov
E=- T ) - == 1
v (p+ 2) 5 (15)
H =rot v,. (16)

WHuTepecHo oTMeTUTH, UTO BBEJEHHbIE TaKUM 0GpasoM
AIEKTPUYECKOe U MarHUTHOE MONA BBIpaMAalOTCA 4epes
CRaNAPHBINA — (0 U BEKTOPHBIN — A MOTEHNMAaNbl CTaH-
JapTHBIM 06pa3oMm:

p=p+v2/2, A=v,, (17)
TaK 4TO ABa ypaBHEHHUSA MaKCBeJIJIa
divH=0, O0H/0t=—-rot E

aBTOMaTH4YeCKU YOOBJIETBOPAIOTCA. HpI/I 9TOM Ha BeK-
TOpHLIﬁ noreHuualn A nanomena HaJIPIﬁpOBHa

div A = —div v,,

KOTOpas sKBHUBaleHTHa ycioBuio div v = 0.

llBa npyrux ypaBHeHus MakcBelna MOryT GbITh Tak-
ke 3amucaHbl, HO He HeCyT HMKaKOH JONONHUTENbHON
HarpysKH, [OCKONbKY MIOTHOCTH 3apAja p U TOK j (op-
MailbHO OmpezensioTcA U3 coorHowenui (15), (16). Ba-
30BBIM 3]l€Ch fAIBIAETCA caMo ypaBHeHue aABukenus (14)
LNl HOpMallbHON KOMIIOHEHThI CKOPOCTH, KOTOPOE Tpe/i-
craBifer co0o0ii ypaBHEHHE ABUKEHMA AJA HEPelfTH-
BUCTCKOI 4acTHULBI ¢ 3aPANOM U Maccoi, paBHLIMHU eu-
HHLe, CKOPOCTh CBETa NP HTOM TaKKe paBHa eUHAULE.

VpaBuenue apumenus (14) sanucano B 3iinepoBoM
npeactaBieHu. YUToObl mepeiiTM K ero JarpaH;eBoit
(opMyTUpOBEe, HYMHO pacCMOTPeTh YPaBHEHUA [
“TpaerTopuit”’, KOTOPHIE ONPENENAIOTCA CKOPOCTRIO V!

dR/dt = v,(R,1) (18)
¢ HavalbHBIMU YCIOBUAMU
R|i=o = a.
Pemenune ypaBuenusn (18) 3agaer otoGpaienue

r = R(a, t), (19)
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onpepeindmouee nepexona oT SﬁJIBPOBOl"O ONMNMCaHuA K HO-
BOMY JlarpaH:eBOMY OIIMCaHUIO.

YpaBHeHNA [BUKEHMA B HOBBIX NEPEMEHHBIX CYTh
ypaBHeHua amMuiabToHa:
oh .  oh
oR’ ~ 8P’
rle TOuKa o3HayaeT AuddepeHIpoBaHke O BPEMeHH
npu GUKCUpPOBaHHOM 3HaueHnu a, P = v,, + A = v ecTb
06061IeHHbIH UMITYJIhC, a TAMUILTOHAAH YaCTUIbI A, AB-
aAfack GyHKIMel uMnyabca P u koopauHaTtel R, maercs
CTaHJapTHBIM BbIpaKeHNEM:

1 v2

— (P —A)? =p+ —.
h g )+ P+

MepBoe ypaBHenue cuctems! (20) — 3T0 ypaBHeHUe IBU-
senusn (14), sanucaHHoe B IepeMeHHBIX a, t, a8 BTOPOe
ypaBHeHue coBnagaert c (18).

P=- (20)

Insa “uoBoit” ruppoavHaMuru (14) unu ee ramuib-
TOHOBCKOM (opmynupoBru (20) cnpasennusa Teopema
KennBuna (ona e teopema Jlnysuiin):

r::fkp-dn), (21)

rfie UHTEerpupoBaHie BefeTCA M0 3aMKHYTOMY, JBWUra-
IoleMyca BMecTe ¢ “MUAKOCThIO”, KOHTYpy. OTciona
TOYHO TaKiKe, KaK 3TO GbLIO cIeNaHo BhIIIE NPU BbIBO-
ze (3), cnenyer BbIpajteHue AnfA “HOBOro” MHBapUaHTa
Komu:

I =rot, P,-% . (22)

Oa

Ero oraunume ot opurunansHoro unBapuanta Komwu (3)
COCTOMT B TOM, 4TO B ypaBHeHuu ABuenud (18) BmMecTo
CKOPOCTH V CTOUT €€ HOpMalkHafA KOMIIOHEHTa V,. Kakr
clefcTBUe, “HoBaA” TUAPOAMHAMUKA ABIAETCA CHKUMAae-
moii: div v, # 0. IloaTomy Ha sAxoGuan J npeobpasoBa-
HuA (19) He HaKIagbIBaETCA HUKAKUX OrPaHUYEHUH.

W3 popmynsr (22) nerko MomeT GbITh MOMYUYEHO BbI-
pameHnue a1a 3asuxpenHoctu ) (cp. ¢ [1,6]):

(Q(a) ) Va)R(aa t)
7 )

rae J — ako6uan npeoGpasoBanus (19), paBHbIii

Q(r, t) = (23)

8(1:1, Z2, .’L‘3)
a(ala az, a3) ’

J=

3heck Mbl y4id, 4TO 0000meHHbIii uMnyibc P coBma-
JJaeT CO CKOPOCThIO V, BRIIOYAA MOMEHT BPEMEHU t =
= 0: Po(a) = vo(a); Qo(a) B 3TOM COOTHOLIEHUU €CTh
HOBBI HMHBapuaHT HKommwu (COBI’IaIIalOIIIPIﬁ C HayvalbHOM
3aBUXPEHHOCTHIO), UMEIOUINI HYIEeBYIO AUBEPreHIUIO:
diVaQO (a) =0.
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Mpencrasnenve (23) o6oGwaer coorHouenue (5) Ha
IPOU3BOILHYIO TONOIOIMIO BUXPEBLIX nuHMi. Ilepemen-
HbIE a B HTOM BBIDAMEHUM JIOKANLHO MOMHO NOHUMATH
Kar Habop A, p U s.

Kar nsBectHo (cM. [6]), BbIpasieHue 1A NHBapUaHTa
Komn Mosker GbITh mOny4eHo, UCXOAA U3 mpeoGpasoBa-
uus BeGepa. dTo — mpencTaBIeHNEe CKOPOCTH B TEPMU-
Hax HavalbHBIX OaHHBIX, KOTOpPOe MOMeT GbITH MOIY-
4eHO, B YaCTHOCTH, NOCHe NHTErpupoBaHusA HHBAapHaHTa
Koum (23).

Pacemorpum ognodopmy w = (P - dR) u Beluncaum
ee NPOM3BOIHYIO MO BpeMeHU. Bocnonkn3oBaBmmce ypas-
HeHUAMHU JBueHUA (20), B pe3yabTaTe MOMYYHNM:

@ = d[-h + (PR)].

OTciona cieqyeTr, YTo BEKTOP-PYHKIUA
aZL','
day,
3aBucAman oT ¢t U a, NOAUYNHAETCA CllefylolleMy ypaB-
HEeHHWIO OBUMHEHUA:

0 v 02
g = — (—p+ 22 -2,
T 8 P2 T
I/IHTerHpOBaHHe 10 BpeME€HH 3TOoro ypaBHEHHA JaeT

npeo6pa3oBanue BebGepa:

ug(a,t) = ugo(a) + 0®/0ay, (24)

Up = '-Piv

rae norednuan ¢ nogunHAETCA HECTAIIMOHAPHOMY ypaB-
HeHnuto Bepuynnu:

$=—p+v2/2—02/2

Ecin ®|t—o = 0, To He 3aBUCAWMA OT BPEMEHU BEK-
TOp ug(a) coBmajaeT ¢ HayalbHBIM 3HAYEHHEM CKOPOC-
T vo(a). BaaTue poropa or coornowenus (24) BHOBb
NpyBOAUT Hac K uHBapuanty Kowwn (22).

TaxuM 06pasoM, B clydae OGLIEro NONOMKEHNU ypaB-
HEHHUe JBMKEHUA BUXDEBBIX JHHUI MMeeT BHI ypaBHe-
uuna (18), KoTopoe gomonHAeTcA cooTHoueHueM (23) u
ypaBHEHNEM

Q(r,t) =rot,v(r,t) (25)

¢ ycnosuem div,v(r,t) = 0.

YpaBuenus aBuskenus (18), (25) BMecTe ¢ cooTHOIE-
HueM (23) MOMHO paccMaTpMBaTh Kak pe3ynbTaT dac-
THUYHOrO MHTErpuUpoBaHuA ypaBHeHuA Jitnepa (1). dtu
ypaBHeHMA pa3pelleHbl OTHOCUTENbHO UHBapuanToB Ko-
1wy — GECKOHEYHOro YWCia WHTErpaioB ABHMKEHUA, YTO
NPUHINUNNANLHO BaHO NPH YKUCIEHHOM HMHTErpHpOBa-
uuu (cm. [4, 5]). s sToit cucrems! nuBapuanTs! Komm
COXPaHMAIOTCA aBTOMAaTHYECKH, B TO BpeMA Kak [Py Nps-
MOM MHTErpMpOBaHMM ypaBHeHMil Jiinepa HYHHO Cle-
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IUThb, B KaKoil cTemeHN uMHBapuaHThl Homm aBnAioTcA
coxpaHgoomyumuca BeanynHamu. [lo-Bugumomy, sTOT
(aKrT ecTh OJHO U3 I'IaBHEIX OrpaHUYeHUi, onpenenfio-
IMKUX TOYHOCTb AUCKPETHBIX UUCIEHHBIX CXeM IpH INps-
MOM MHTEr pupoBaHUM ypaBHeHUi diinepa.

JIpyrum BaKHBIM CBONCTBOM NpeACTaBIEHUA BUXpe-
BBIX JUHUI AIBIfleTCA OTCYTCTBHE KaKUX-IMO0 OrpaHu-
yeHWil Ha AKoOuaH J, KaKue, HanpuMep, UMEIOT MeCTO
IIpY Nepexojie OT 3iIepoBOro oNMcaHuA K Jar paHm eBoOMY
B ypaBHenuu Jiinepa (1), Korja AkoO6uaH paBeH eAUHU-
ne. Ilpu srtom 1/J uMeeT cMbICH MIOTHOCTH T BHUXpe-
BBIX IMHUIL. JTa BenmnuuHa B cuny ypaBHenus (18) war
¢yHENUA r U ¢ TOJUYUHAETCA ypPaBHEHUIO HellpephIBHOC-
TH:

on/0t + div,(nv,) = 0. (26)

B atom ypaBuenuu div,v, # 0, IOCKOILKY TOIBKO HOI-
Hafd CKOPOCTb V MMeEeT HYJEBYIO AMBEPTeHINIO.

5. Paccmorpum Teneps Bonpoc o npumenenuu IT1BJI
K ONHMCaHUIO TEYEHUI BA3KOW MUIKOCTH.

3anumeMm ypaBHeHue HaBrne-CToKca oA 3aBUXPeH-
HocTH (2:

00 /0t = rot[v x Q] — v rot rot Q (27)

U COBEpIINM B HeM IepexXoi K NEepPeMeHHbIM a U ¢ Mo-
CPEACTBOM 3aMeH, onpejenseMblx ypaBHennem (18), no-
nonHaeMbIM cooTHomenneM Kommw (23) B rotopom Qg
Gyzem cunTaTh (QYHKIKEN He TONBKO KOOPAMHAT a, HO
u Bpemenn t: Qy = Qo(a,t).

Toraa npu noacranoske (23) B (27) nepsoe ciarae-
Moe B npaBoii yacTu cokparutca B cuay (18). B pesyub-
TaTe ypaBHeHMe (27) 3amuiueTcA B BUfe

; <% -Va> R = —v rot rot {;(Qo . Va)R} .

(28)

Dlanee samennM nuddepeHnrpoBaHue N0 T' B IPaBoii yac-
TH (28) Ha auddepeHUNpOBaHKe N0 NepeMeHHBIM a. B
pesyibTaTe NMPOCTBIX, HO HOCTATOYHO IPOMO3JKUX BbI-
yuclieHuit ypaBHeHue (28) mpeBpalmaeTcs B ypaBHEHHUe
naa Qo(a, t):

o g g
Tl v rot, (Jrota (JQO>) . (29)

JT0 ypaBHEeHUE NHHEHHO OTHOCUTENLHO {lo, B HEM § —
MeTpUUYeCcKuil TeH30p, paBHbIN
c’):c,- 6mi
9o = 5 — "7 -
s 6aa 6ag

YpaBuenue (29) mna uneapuanta Komu no cBoeit
¢opme coBnafaeT ¢ ypaBHEHUEM, MONYYEHHBIM 3eHKO-
BuueM u flkyGoBuueMm [7] onA HeckumaeMoil ruApO-
JUHAMHKYM, KOrJa NepeMeHHble a HMEIOT CMBICI Ja-
rpaHEeBBIX MapKEPOB MMUAKUX 4YacTUl. B ypaBHeHUU
3enkoBuya-fIky6oBuua fAxo6uaH J mpeamonaraeTcA He
3aBHUCUMBLIM OT BpPEMEHHU, B NpOCTeiillleM BapHUaHTE OH
paBeH 1. B 3ToM ¥ cocTOUT MpUHIUNUAILHOE OTIUYUE
ypaBHeHus 3enkoBuuya—fIky6oBuua ot ypaBHenus (29).

IIpumeuaTenbHOM 0COOEHHOCTBIO MONYYEHHOMH CUCTe-
MBI IBIAETCA TOYHOE pa3feleHue ABYX Pa3NUYHBIX Bpe-
MEHHBIX MacuTa6oB, OTBETCTBEHHBIX 3a MHEPLHOHHbBIE
(mo cytm — HenumHeiinbie) mpouecchl u BA3Kue. Ilep-
BbIE ONMUCHIBAIOTCA ypaBHeHueM (18), a BA3KUe mpouec-
cbl — ypaBHeHueM auddysuonnoro tuma (29), B Ko-
TopoM “Koaddunuent” auddysun, NponopHroHaNbHbIH
KO3 (PULUEHTY BA3KOCTHU V, UMeeT CIOKHYIO TEH30p-
HYIO CTPYKTYDY, ONpelelfeMyl0 METPUKOI oToGpae-
uua r = R(a, t).

ABTop 6narogaput E. U. Axy6oBuua 3a BO3MOMHOCTH
03HAKOMHUTbCA ¢ paboroil [7] go ee omyGaMKOBaHUA.
Hannaa paGora Oblna moapepsana Poccuiickum ¢oH-
IoM (yHIaMeHTalnbHbBIX wuccienoBanuit (rpant # 00-
01-00929), Iporpammoii Begymux Hay4HbIX mKoa PO
(rpauT # 00-15-96007) 1 INTAS (rpaut 00-00292).
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