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IMOTOKN KBA3BMKJIACCUYECKNX TPAEKTOPUI "
ACUMIITOTUKA PEIIEHUI YPABHEHUSY IIPEIVMHTEPA

B.B. XABJIOB

The paper analyzes the asymptotics of solutions of the Schrédinger
equation with respect to a small parameter h. It is well known that
short-wave asymptotics for solutions of this equation leads to a pair
of equations — the Hamilton—Jacobi equation for the phase and the
continuity equation. These equations coincide with the ones for the poten-
tial flows of an ideal fluid. The physical meaning of the wave function is
invariant with respect to of the complex plane rotations group, and the
asymptotics is constructed as a point-dependent action of this group on
some function that is found by solving the transfer equation. It is shown
that if the Heisenberg group is used instead of the rotation group, then
the limit of the Schrédinger equations solutions with & tending to zero,
lead to equations for vortex flows of an ideal fluid in a potential field of
forces. If the original Schrédinger equation is nonlinear, then equations
for barotropic processes in an ideal fluid are obtained.

Keywords: Schroddinger equation, Euler equations, short-wave asymptotics,
quasi-classical approximation, quasi-classical limit.
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1. O6bexror: ramuibronnan H (z,p,t), 1. O6bekTor: ypasuenue [IIpénuarepa

dopma IHEPrUN-UMITYIIHCA i, +H (h%) Y — U(x,y,2,t)y = 0.

A = pdz — Hdt, ypasnerusa Pemenne — BonmnoBast GyHKIMs

z=H
{ . P nns TpaekTopuil B (S R‘(lz y —C.
p= _Hx § . .
asosom pocTpancTse 2. Ha obsractu 3nagenuit C BOTHOBOM
2. Kitacc unTerpasibHbIX MTOBEPXHOCTEH ngI%H/IlI/I /:LemcgayeT rpynnau
A* B pacmmpennroM hazoBoM =U(1) = {e”} BPAIICITiH.
Pemenne ypasuenus IIpéaunrepa

[POCTPAHCTBE, BbIJEJIsIeMbIit ; h
rpeboanueM dA|pa = 0. crpoures B puze ¢ = g(x,t)u(x,t),

(2
3. JlokambHO ycoBue dA| s = 0 BI€UeT —S(x,t) ca

g = eh
CylIllecTBOBaHUe IOTeHmama S @ dS = A. 3. Acnvmroruka permenust mpn fi — 0
Eciu A* iuddeomeomopdro

1 A4 MIPUBOJIUT K CUCTEME YpPaBHEHUN
[IPOEKTHUPYETC: B R(wﬂf)’ To ~ 910 TamMunbprona—Akobu u
MOBEPXHOCTD P = S, Tjie S — pelienne HEPA3PHIBHOCTH

ypaBuenus [amuaprona—Akobu S; + H (2,5.,t) = 0;
S¢ + H(2,8:,t) =0. { pr +div(pv) =0, p=u(z,t)?,
Jlarpamxkesa nosepxuocts A% {p=S,} C RZI pt) — L€/Ib KOHCTDYKIUU KBA3H-

Kaccmaeckoro npubimmkenus. OobexT A* Bmecre ¢ permennem p(z,t) ypaBHeHus
HEPa3PBIBHOCTH ONUCHIBAET JBIZKEHNE HEKOeH WMIeallbHON YKUIKOCTH (MM Ta3a).
TloTok 3TO# «KUIKOCTH» 00Pa30BaH BOZMOXKHBIMU TPACKTOPUIMHU OT/ICTbHBIX Tac-
THUIl, 1 B OIINCAHUM JBUXKEHUS He yJacTBYyeT B3aHUMOJICHCTBIE 3TUX JACTHUIIL.

Ecmm cBa3aTrh mI0THOCTH 3TOrO MOTOKA C IJIOTHOCTBIO PACIIPEIeIeHUs BEPOSIT-
HOCTH JJISI YaCTUIBI HAXOAUTHCA B COOTBETCTBYIOIMIEM MECTE, TO MOJICIIb IIPEJICTaB-
JsieTca HenosHoit. Kax ciieyer ns mpuBeaeHHOM KOHCTPYKITMH TAKOH MOTOK, HAIIPHU-
Mep, ABJIsIeTCsI 0E3BUXPEBBIM. 10 €CTh OCTAETCS B CTOPOHE CJIydail «OOIIEro ImoJIo¥xKe-
Husi». BOoIrpoc BO3MOXKHBIX BUXPEBBIX TeUeHUl, Kak yka3biBaJ /. Bom, a morom B.
B. Koznos u npyrue ucciesiosaresn npopaboran He1octaTodHo. OKa3bIBAETCS, 9TO
o0IIIe BUXPEBBIE TE€UEHNST MOYKHO BKJIIOUYUTH B OIUCAHHYIO CXEMY, IBUIASCH C IBYX
CTOPOH.

(1) TIpu omucanuyu MHTErpajbHON MOBEPXHOCTH TPACKTOPHil B (Ha30BOM IIPO-
CTpaHCTBe OTKa3aThes OT jarpanzkeBoctd A* (co CTOPOHDLI TaMITLTOHOBOM
MeXaHUKH), 3aMEeHUB 9T0 TpeboBanue 6ojiee o6IIUM.

(2) dss mocrpoenusi acMMOTOTHYECKUX pelleHuil pacmupurh rpyuny G (co
CTOPOHBI KBAHTOBON MEXAHUKH ), COXPAHUB BO3ZMOKHOCTD IIPEJIEIBHOTO TIPU
h — 0 mepexoja.

TaknuM 06pa3oM ecm BMECTO JarpaHKeBbIX mHosepxHocTeii A* mcmonbzosarsb
MOBEPXHOCTH A, KOTOpbIe BO3HUKAIOT IPU TOM IMOJXOJIE, TO YJAETCS MOJIYIUTh
[IOBEPXHOCTH, TPAEKTOPHUH JIBUKEHUS YaCTUI] KUJIKOCTH HA KOTOPBIX BMECTE C pPe-
merveM p(x,t) ypaBHEHUs HEPA3PBIBHOCTH OIUCHIBAIOT JABUKEHNE 00l 1eabHoi
KHUJIKOCTH.

Cmpyxmypa coobuierus

KBasumnorennmast. /s nosichenust pesysibrara paboThl CHada/a B 1-M pasjesie
OTMEYAETCsI, UTO KJIACC BHEITHEro auddepeHiuaia hpOpMbl SHEPTUU-UMITYJIBCA \ =
pdx — Hdt, ncionb3yeMoil B KJIaCCHIECKOM TaMUJIBTOHOBOI MEeXaHUKe, He ITPEBOCXO-
jgut N Ha TPOU3BOJIBHON MHTErpabHoil moBepxuocTr paszmepruocru N + 1. Orciona
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CJIeZyeT, 9YTO Ha IMPOU3BOJILHOM MHTErPAJBHON MOBEPXHOCTU PA3MEPHOCTH UETHIPE
B pacmmpeHHoM ¢azoBoM npocTpanctse R7dopma d\ paziaoxuma. s dbopmbr
A BTO O3HAYAET, UTO €e MOXKHO IPEJCTABATH Ha ITON MOBEPXHOCTH Kak dS — mdn
¢ HeKOTOpbIMU QyHKIMAMU S, m u n. CKazaHHOE BBINIE TPUMEHSIETCs J1ajee JJIst

2
npuMepa, B KOTOpoM A = pdx — (U(a:,t) + 2pM> dt (6e3 norepu obmmocTn M = 1 u

p = v). Tpoiika S, m u n ckaugapHbIX QYHKIMIA, onpeessionas (HhopMy SHEPrUuu-
UMILYJIBCA A, SIBJISIETCS IEHTPAJIBHONW B CTaThe U HA3BIBAETCS KBA3UIIOTEHITUAJIOM.
Omnucanust MOTOKA JIBWKYIIENCS KUJKOCTU yPABHEHUSIMH JIJIs KBA3UITOTEHITUAJIA,
WK C TIOMOIIBIO KJIACCUIECKUX yPaBHEHMIT Jitjiepa paBHONpaBHBL. Tpoiika S, m u
N M3BECTHA B THAPOIMHAMUKE KaK IMOTEHIHAJIbl Kirebira.

I'pymnmna I'eiizen6epra. B caeayiomem 2-Mm pas3iesie BBOAUTCA OCHOBHOM KBAHTOBBIIT
o6bexT — ypasaenue IIpeaunrepa, pemennemM KOTOPOro (B OTJAXYHE OT TPAUIUOH-
HOTO TIO/IX0J[a) MBI cuuTaeM (QYHKIMIO 1) TOYKN (Z,Y,2,t) CO 3HAUEHUSIMU B TUIIBOED-
tosom npocrpanctse L2(R). 3nadenus pentenuii ypasuenus [IIpémuarepa omycka-
10T mefictBus rpymnmnsl [eiizernbepra [ u 970 ypaBHeHre MHBADUMAHTHO OTHOCUTEJHHO
HOCTOSHHBIX (He 3aBucamux or (x,y,z,t)) neiicreuit. Takast TOUKa 3peHMs HA BOJIHO-
BYIO (DYHKITHIO 0000IIAaeT TPATUIIMOHHYIO U TI0/ICKA3BIBAET UCKATD PEIICHUsT yPaBHe-
uust [lIpenunrepa kax pesyabrar geiictsust snementos ' Ha dyaknumo u(z,y,z,t) co
snagenusmu B L2(R).

B 3-m pasgesie BBomuTCst acumnroTuvdeckas gopma pemteHus ypaBaenus: [1Ipé-
jguHrepa. drta hopMa MPEJIaracTcsi BMECTO UCHOJIB3YyeMON B KBa3WKJIACCHIECKOM
npubsmkennu. MccmemoBano mosenenue perennii ypasuenus [1Ipéquurepa oTHocu-
TeJILHO fi, CTpeMsInerocst K HyJIl0, U, KaK CJIeJICTBUE, ITOKA3aHO, 9TO aCHUMIITOTUKA
[TO/IYMHSIETCsS] yPABHEHUSM JJIsi KBa3WIIOTEHIINA A UJIEPOBON MOJEN UJIeaJbHON
KUJIKOCTH.

1. KBASBUIIOTEHIINAJI

asiee n3ioxkeHue B paboTe HOCUT JIOKAJILHBIN XapaKTep, T. €. IPeIoJia-
raeTrcd, 4To IlepeMeHHble IPUHaJIe’KaT JOCTATOYHO MaJIOl OKPECTHOCTU HEKOTOPOH
TOYKHU, B KOTOPO# BCe paccMaTpuBaeMble (DYHKINU 1 UX [IPOU3BOHbIE HEITPEPBIBHBI
JIO MCIIOJIb3yeMOro mopsiika. 1Ipu 3ToM mpecieyercs melib: Moy YUTh (DOPMY ypaB-
HEHUT MoJen Diljepa uaeaabHON KUIKOCTH, TPSMO CBI3aHHYIO C 3a/adeil KBa3u-
KJIACCHIECKOTO MTPUOJINKEHUST. DTO JIEJIAETCS BBEJIEHINEM «KBA3UIIOTEHINAIAY U CUC-
TeMbl YpaBHEHHUil JjIsI KBAa3UIOTEHIINAA. XapaKTep O0ObLEKTOB OOIIuil, U IMPUXO-
JIATCS STBHO BOCITPOU3BOJIUTH YaCTUIHO OOIIEN3BECTHBIE (DAKTHI, «(DOTHKIODS.

1.1. MurerpajbHble IMOBEPXHOCTH TaMHUJIBTOHOBA IMOTOKA; KJIACC (POPMBI
SHEeprum-uMnyJjbca. PaccmorpuMm cucremy 'aMuibTOHA ¢ TAMUJIBTOHUAHOM
H(z,p,t), onpeaeneHHbIM B pacmupentoM (ba3osoM mpocrpanctse RZNF!

ii=H, ; pi=-H,; i=12....N.

IIycrs AN*! — riajkas unrerpasbnas mosBepxHoCTb pasmeproct N + 1, KoTOpOit

0
KacaeTcs raMUIbTOHOBO BEKTODHOE Iose 0 = Fri Hpa— —-H C HoJIpa3yMeBae-
x

1o}
MbIM cymmupoBanueM). O6osnauum A = pdx — Hdt, \* — cyxenue dbopmbr A Ha
ANTL JTanee, Touka mas umeneM (GbyHKIUE — TO pe3ysIbTaT IPUMEHEHUs 101 .
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Vreepxkaenne. Ecau ANTY — zaadkas unmezpasvias das & noseprnocmo,
mo xaace Jupdeperyuarvroti opmor dN* e npesviwaem N. B wacmmuocmu, ecau
xaacc = N = 3, mo gopma dN* passoorcuma, caredos8amesvHo cyuecmayem mpoika
S, m, n makux eaadkuc dyrryul, onpedesenrux na noseprrocmu A*, wmo dS —
mdn = X*. 9mu Pynryuu ydosaemeoparom cucmeme ypasHeHull

m=n=0; S=pH,-H.

HeiictBurensro, dopma d\ = dp A dv — dH A dt ecrb, corstacio 9. Kaprany,
abCoTIOTHBII mHTerpasbHbIil naBapuanT noss 8 ([1],[2]), T. e. ma mosepxnoctn ANT!
BHyTpeHHee mpoussejierne igd\ = 0. Ilpu stom moste @ HesbpoxkeHo Ha ANTL,
Otciona ciemyet, 9To Kaace Gopmbl (d\)* — cyxenusa d\ ma mosepxrocTs ANT!
— wne upeocxogur N. B ciyuae N = 3 ecum witace dopmbr (dA)* pasen 3, To
dopma (dA)* aBisiercst pa3sioKUMOil. DTO 03HAYAET, YTO CYIIECTBYET lIapa TaKuX
byHuxmit m 1 n, onpeeneHHbIx Ha noepxHoctH AY) wro (d\)* = d\* = dn A dm,
u \* = dS — mdn pia wekoropoit dbyuknuu S. Eciiu npeanonoxurs, aro (dA)* # 0
na nosepxuoctn A%, To m3 pasencta 0 = igd)\ = ig(d\)* = ip (dn A dm) Temepn
caeayer =1 = 0, a 13 T0ro, 9T0 A = dS — mdn cieayeT paBeHcTBo S = pH, —H.

1.2. TTocTpoeHue NHTErpaJIbHBIX IOBEPXHOCTE 1 KBa3unoreHnuasia. [Ipu-

BeZIeHHOoe yTBep)KI[eHI/Ie IIO3BOJIZAET PpaCIIUPUTH KOHCI)I/IpraLLI/IOHHOG IIPOCTPAHCT-
10

Bo RY , , npu ommcannm Tpaexropuii aprkenns wactun 10 Ry’ ¢ . nogHsTh
B B B ;
BEKTOPHOe 110J1e & = prin Hp% — Hza—p u3 Ry 4, /10 mosst
= 0 0 0 0
=—+H,——-H,— H, - H)—-
9 =5 +Hpy, zaer(p p — H) 5

B R0 u cBA3ATH TPAEKTOPHUH IBUYKEHUSA C MHTErPATLHBLIME KPUBBIMHI 9TOTO HOJSA B
R0

O603HAMMM CHMBOJIOM A HHTErpaJIbHYIO OBEPXHOCTH PasMepHOCTH 4 momst O B
R0, ma koropoit anaymupyerca muddepennuansaas dopma A — dS + mdn.

B cooTBeTCTBUM € BBINIEU3JIOKEHHBIM (DOPMUPYETCST CJIEAYIOMNA BO3MOXKHBIH
[IOJIXOJT, K ONUCAHUIO MHTErPAIbHBIX TIOBEPXHOCTEl A B KOH(MDUTYPAIMOHHOM TIPOCT-
pancrse R'0:

(1) Ucxomoe muoroobpasue A3 pasmeprocru 3 8 R0 crpoures mo ummyscHomy
pacupegesenuio p(x,0), 3agannomy upu t = 0, u ycaosuio A — dS + mdn = 0, uro
PABHOCUJIBHO TOMY, 4TO nipu t = () 3HAYEHWS S, ™, N ONPEJEISIOTCS U3 PABEHCTBA
dS — mdn = pdzx.

(2) Ucromsays MOTOK, 3a/JaHHbIH BEKTOPHBIM [OJEM O, HAfi/[eM PeIleHie 38,100
Komu A = |J A} u3 ucxomnoro muoroo6pasust AJ.

t>0

(3) Io nocrpoenuto npoussognas Jlu quddepennuanbuoit hopmbr A — dS+mdn
BJIOJIb TIOTOKA & paBHA HYJIIO, H O9TOMY Ha A aHHysIHpyeTcs: auddepeHuaibHast
dopma A — dS 4+ mdn.

Takum 06pa3oM, Takoii TOJAXOJ JaeT BO3MOKHOCTh CTPOUTh MHOroo6pasue A C
R Bmecro narpamnzkesa maoroobpaszus A* C R7, KoTopast CTpOUTCs IpH OCTPOCHII
HOTEHIMAJA CKOPOCTHU TPAJAUIUOHHON 6e3BUXPeBOl acuMIToTuky [3].

[Iycrs moepxuocTs A judbdeomopdHO MpoekTUpyeTCs B Rit. B sTom ciyuae
uMILyabehl p(x,t) BMecre ¢ pyHKueid miorTHoctu p(x,t) 1ai0T KJIacCuIecKoe OlUCanue
Diisiepa JBUKEHNS TOTOKA COOTBETCTBYIOMIEN «UIEAJTBHON YKUIKOCTH», TOCKOJIBKY
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10 TTIOCTPOEHUIO YIOBJIETBOPSIOT cucTeMe audDepeHITnaIbHBIX YPaBHEHUI

pe+ (v V)p = —Hy;
pt +div(pv) =0; ov=H,.

ITocnenaee — ypaBHeHnue Hepa3pbIBHOCTH. ECIu NCIOIB30BATh PABEHCTBO p = VS —
mVn Ha A, TO TOT YKe MOTOK «UJIEAJBHON YKUJIKOCTH» MOXKHO OIHICATDH C MIOMOIIBIO
JIpYTOil 3aMKHYTOW CHCTEMBI yPABHEHUIT — CHUCTEMbl YPABHEHUN JIsi TPOUKHU S, 1M,
n

my+@-V)m=0; n,+@w-V)n=0; S;+ (v-V)S=pH, -H; v=H,,

(B xOoTOpOIT MozCcTaBIEHO P = VS — mVn), NONOMHEHHOH ypaBHEHWEM Hepa3phiB-
HOCTH.

Y1066l HE BOZHUKAJIA IIYTAHUIA ¢ TMOTEHIIUAILHBIMU TEUCHUSIMU TaKYI0 TPOHKY
dbyuarumit S, m, n OyIeM HA3BIBATH KEA3UNOMEHUUAAOM OASL PEULEHUS UCTOOHOTU
cucmemut ypasrerut Jiepa, a TOJYIEHHYIO CHCTEMY — CUCTEMOI ypaBHEHUIA JIJTst
kBasunoTennuaia. Jlajgee cumraem, 9TO ISl peIlleHUs] YpaBHEHU Diijiepa Takoi
KBa3UIIOTEHIIUAJI CYIIIECTBYET. OTMeTI/HVI CBOIICTBO NHBaAPpUaHTHOCTU IIOJ'[y‘{eHHOfI Cuc-
TeMBbI JIJIsl KBas3unoTeHnuaia. OHO COCTOUT B TOM, UTO 0 PACIIPEIEIIEHUIO UMITY/IHCOB
Ha MHOroOOpaszuu A, Tpoiika S, m, n onpeessiercs He OJHO3HAYHO: JTI0H0e Tpeobpa-
30BaHmUe TPOKH S, m, n, octapagiomee dhopmy dS—mdn = dS'—m/dn’ nemsmennoi,
IPHUBOJMT K TOI Ke CHCTeMe YPaBHEHH /1 HOBoit Tpoitku S', m/, n’. B wacrrocTwH,
peobpa3oBaHme

(S,m,n) — (S + So — mon,m + mo,n + ng)
¢ moCTOgHHBIMU (Sg,M(,No) IEPEBOAUT pellleHue B pelenne. Takoe npeobpasosanue
ompeensieT JieBoe aeticrBue rpymnmbl Leitzentepra I' BepXHEeTpeyTOIbHBIX MATPHI],

1 m S
gmm,S)=|( 0 1 n | ma kBasunoTeHIUAL
0 0 1

PaCCMOTpI/IM IIpuMep. Hepexogﬂ K OOBIYHO IIPUHATBIM B T€OpUU I/IﬂeaJIbHOﬁ KU JI-
KOCTH 0DO3HAUYCHUSIM (p <~ U), BO3bMEM I'aMHJIBTOHUAH

'1)2 U2
H=U(x,t) + 5 A =vdr — U(x,t) + - ) dt.

IIpeanosozxkum, 4ro moBepxHocTh A quddeoMopdHO IpoeKTUpyeTCs B R‘(*% " Ypas-
HeHUst Dilytepa JIJIst TeUeHui KU/ IKOCTH WK ra3a B HoTeHIma bHoM mode it ([4],[5])
HUMEIOT BUJL
0+ VU(x,t) = 0;

{ p + div(pv) = 0.
B paccmarpusaemom konrekcre U(x,t) — jmbo usBectHas GyHKms, b0 (s
6aporponnsix nporneccos) U(z,t) = P(p), rae byukuns P(p) cBs3aHa ¢ JaBieHAEM
p coorromennem VP (p) = %Vp. Omupeiesium TPoiiKy S, m, 1 Tak, KAk 3TO OIHMCAHO
B nynkTax (1-2) mocrpoermst A. B 3TOM ciiywae MBI MpUXOANM K MPEICTABJIEHHIO
Kiebmra

2
vdr — <U + g) dt = dS — mdn,
u3BecTHOMY B rujipoausamuxe ([6], §167; [7], §29) juist perenuit ypassernit Ditepa.

CdopmMymupyeM IBHO CBSA3b MEXK/y PEIICHUSIMU CHCTEMbI ypaBHeHUi Diiepa —
C OJIHOM CTOPOHBI U KBa3unoTeHmaJjgoM S, m, n — ¢ apyroii ([6], §167; [7], §29).
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IIpennoxenue. Ecau das nexomopux pynkuyut S, m, n, p nepemennvi (x,y,2,t)

02

2

St — mny + U(z,y,2,t) +
me + (v-V)m = 0;
ne+ (v-V)n=0;

pe +div(pv) =0,

0;

mo sexkmop-pynkuyus v = VS — mVn u ckarap p AGAAIOMCA PEWEHUEM CUCTNEMbL
ypasnerudi Jdaepa das nomoxa 6 nomenyuasvrom noae cus U(xz,y,z,t) (dasn 6apo-
mponnwox npoyeccos U(x,y,z,t) = P(p)). B cayuae nenyaeeoz2o rot v das pewerus
(v,p) cucmemov ypasnenul Jdaepa makue Gyrryuu S, m, N 6ce2da CYULECMBYIOM.

2. YPABHEHUE IIIPEAVMHIEPA U I'PYIINIA ['EN3EHBEPTA

Paccvorpum ypasuenne Ilpenunrepa

2
il + S A = Uy, = 0.

OBBIMHO TPETIOIATAETCST, ITO P — 3TO KOMILIEKCHOZHATHAA (DYHKIHS COCTOSTHUS, &
KBa/IPAT ee MOy |1)|> MHTepIpeTHpyeTcs Kak IITOTHOCTD PACIIPE/IE/ICHIS BEPOSIT-
HOCTH JIJTsl 9aCTHIbI MACChl M HAXOJIUTHCA B MOMEHT BPEMEHU ¢ B TOYKe ¢ KOOD/[MHA-
Tamu (2,Y,2).

JlJ1s1 ToCTpOeHrs KBa3UKJIACCUIECKOH KOPOTKOBOJIHOBOI aCUMITOTHKE PEIICHUsT
ypasuennus [Ipémunrepa ncnonbayiores rpymma G = U(1) = {e®®} u ogmomeproe
ih™'S

npocrpanctso C! ee npescrasienns. [locTpoenue acHMITOTHKHA 1) = € U O3Ha-

YAEeT, B YACTHOCTH, OIPEJIECHNE 3aBUCUMOCTH JJIEMEHTA eih™'S IPYIIbI, JeicT-
BYIOIIEr0 Ha HEKOTOpyIo dyHKIWO u(x,y,z,t), or KoopauHar Touku (z,y,z,t). B
KBASHKIIACCHTECKOM NpubJINKEHUN UCIOIb3YeTCs KJIaCCHIecKnii raMuabronnan H =
U(z,y,z,t)+ % U MHTerpajbHas nosepxuHocts A4 coorBercTByIOmAas raMuIbTOHOBO
cucreme. IToBepxuocts A* sarpamskesa, T. e. dopma d\ Ha Heit obpamaercs B
mynb. Tpebosanme marpamkesoctn nosepxnoctn A ceazano ¢ rpymmoit G = U(1),
UCTIOJIBE3YEeMOM JIJTs TocTpoenusi. ECan pasMepHOCTh YHUTAPHOIO MPOCTPAHCTBA 1)
IpeICTaBIeHnsT GOJIbIIE AMHUIIBI, HO KOHeUHA, TO B ypasHeHus 11Ipéaunarepa n
MHTEPIIPETALUSI €0 PENIEHNI 110 CPABHEHUTO C OJJHOMEDPHBIM CJIYyYaeM IPAKTHUIECKA
HE MEHSIOTCA. B TaKOM CJlydae MOKHO UCIIOJIB30BATh BCE PE3YILTATHI O Pa3pennMo-
cru 3aaun Komm jyist ypasuenust [IIpéaunrepa B moaxogsanux (pyHKIINOHAIBHBIX
npocrpancTBax. [IpobsieM ¢ uHTEpIIpeTanueil pemennii Kak B KJIACCHYECKOM, TaK 1
B ODOOIIIEHHOM CMBICJIE HET.
IIpeiaraercss OTKa3aThC OT TPeGOBAHUSA JIArPAHZKeBOCTH I moBepxuocTr A4

n CBECTU 93TU Tpe6OBaHI/IH K MHHUMAaJIbHBIM JIJISL I/IHTeraJH)HbIX I\/IHOFOO6pa3I/Iﬁ B
KJIACCUYIECKOIl TAMIJILTOHOBON MEXaHHUKe, T. €. K Pa3JIoXKIMOcTH dpopMel d\ Ha A%
Corytacno HaBaroJeHU 0 npeblIyInero pa3jieia 3To YCJIOBUE i KJIaCCUIeCKOro
obbexTa A* aBiasercs meoGxomuMeiM. IS IpejCTaBICHHS pPENICHHil ypaBHEHHS
[IIpeaunarepa 1 MOCTPOEHUST ACAMIITOTHKHI ITPU CTPEMJIEHNH /i K HYJTIO BMECTO TPYIIIIBI
G = U(1) ucmosnb3yercst 6osee mupokasi rpyrma Jlu I'. D10 rpymmna Teiizsentepra
BEPXHETPEYTOJIBHBIX 3 X 3 MATPHUIL, HE NMEIOIIAs KOHETHOMEPHBIX YHUTAPHBIX IPE/I-
crapyienuii. HerpuBnajibable yHUTaAPHBIE [IPEICTABICHUs IPYIIbI [ peaju3yiorcs B
GECKOHETHOMEPHOM — THJIL0EPTOBOM IIPOCTPAHCTBE, MIOITOMY Jajiee 1) — (DPYHKIIHsT
mepeMeHHbIX (7,y,2,t) co sHadennaMu B npoctpanctse L2(R), [1| — HopMma B aTOM
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OPOCTPAHCTBE oIpeaeideMasd SPMUTOBBIM IIPOU3BEACHUEM

wwmzﬁmm%@%

Bynem cuurars, uro pemenwne ypasuennsi [lIpénunrepa 1 ompezneseHo, mmeer
KJIACCUY€eCKUe YACTHBIE IPOU3BO/IHDBIE, BXOIAIINE B YPABHEHUE, U 9TH IIPOU3BOIHBIE
nenpepniBHbL. Jlanee, B ypasuenun Ilpenunrepa M = 1.

Urak, cumBout I' odnavaer rpymimy leiizenbepra TpeyrojabHBIX MATPHIL

1 m S
gmm,S)=| 0 1 n |.YuurapHoe npejcraBjieHue STOi IPYIIIbI PEATH3YETCsI
0 0 1

JleficTBHEM CJIeBa IIPOM3BOJILHOTO 3jeMeHTa ¢(S;m,mn) € T' Ha 2jeMeHTH U3 u €

L%(R) no dopmyie [8]
(9(S;m.m)u) (§) = e u(g + m).

B s1ux oboznaueHmsx (g(S,m,n))_1 = g(—S + mn, — m, — n). na Beibpansoro
npescraBiaenns 6asuc anredbpst JIu rpynnst [ Mo2KHO BRIOPATH ClIeLyIONUM 06pa30M:

{i,P:d%,ing}.

IMycrs S, m, n — crajgpuble GYHKIUU IepeMeHHbIX (X,Y,2,t), a u — dyHKIHs
TepeMeHHbIX (2,y,2,t) co snadenmamu B L2 (R). Beegem ucrombsyembie qamee 0603Ha-
YeHUS JIJI TPOU3BOIHBIX:

0 i
(9(Symin) "' o-g(Simsn) = AT(g(S;msn)); T=wyztl.

Ecmu, xax oburano, LI = g~ 'Lg, rame L — nuHeiiHbIi omepaTop, JefcTBYIOMII Ha
U, TO TIPSIMbI€ BBITUCJIEHUS JAIOT COOTHOITEHUST:

9

5 —iA7(g).

(1) A"(g(S;m;n))u=((Sr—mn;)i+m.P+n.Q)u; (_Z'%)g =—i
Tax ke nosrygaercs (¢ obozuagenuem v = VS — mVn)
(—iV)? = —iV — i A (g) = —iV — i (vi + (Vm) P + (Vn) Q).

Takum xe 06pasom BbraucjsieMm A

Aty = (V+ X(g))gu = (V +vi+ (Vm)P + (Vi) Q)%u =
= (vi+ (Vm) P+ (Vn) Q) u+2 (vi+ (Vm) P+ (Vn) Q) - Vu+
+ (idiv o+ (Am) P+ (An) Q) u+Au
Ecam o6osnaunts m, = (v-V)m, n, = (v- V)n, 10
A9y = (—v® + 2im,P + in, Q) u+

(2) + ((Vm) P+ (Vn) Q) u+2 (vi+ (Vm) P+ (Vn) Q) - Vu+
+ (idivo+ (Am) P+ (An) Q) u+Au
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3. OBOBLHEHHAH KBA3BUKJ/IACCUYECKAA ACHUMIITOTUKA

Ilepeitmem x mocTpoennio GopMaTHLHON AaCUMITOTHKY pernenuit ypasuenns [1Tpé-
nuHrepa. Beegem obosuadenue ¢ = v/, i — «mnocrosianas IL1agKay, MaJbli mapa-
MeTp, KOTOPBIil MbI OyjieM CTPEMUTh K HYJIIO, HADJIIO/Ias 38 [TOBEJIEHNEM PeIleHuUsl
Ylel.

Wimem permenne Ve > 0 B Buze
/1/1[6] (x7y7z’t) = g (572S(m7y727t)’ 571m(1‘7y727t>7671n(x7y727t)) u(x’y’z7t)7

e u(w,y,2,t) — byukus co snavenusivu B L2(R), g € T.

Janee mpesmonaraercs, 9To u mpuHaexkuT D — noxnpocrpanctey L2 (R) —
obmieit wactu obnacteii onpenenenns oneparopos P2 u Q2 ¢ mopmamu rpaduxa.
Takzke 6y1eM cunTaTh, ITO perrerne ypasHenus LlIpéaunarepa ¢ onpeneneno, mveeT
KJIACCHYECKHe YaCTHBbIE MIPOU3BOJIHbIE, BXOJIAIINE B yPABHEHNUE, I OHU HEIPEPHIBHBI
KaK (QYHKIINKM CO 3HadeHussMu B D.

ITpensioxxenne 1. [lycmo u|t:O # 0. Ymobw Ppyrxyus Y[el(x,y,z,t) bviaa acumn-
momuseckum pewenuem ypasrenus LIpédunzepa ¢ mounocmuvio 0o caa2aembix 6bi-
we 6Mmopozo NOPAOKA OMHOCUMEALHO €, CMPEMAUELOCH K HYAMO, HEOBXOOUMO U
docmamouno 4mobv, GynKuuL S, M, N U U ABAAMUCH PEULEHUEM CUCTNEMDbL YPAGHe-
Hudl

St — mny + U(x,y,2,t) +v%/2 = 0;
my + my, = 0;
(3) N + Ny = 0,

i+ 2 (div o)u+i (v - V) ut 3 (Vm) P+ (Vn) Q) u=0.

Jokasameavemeo. Topcrasum ausar [e] B ypasaenne IIpénunarepa n npuMeHnM
(g (872S,Eflm,671n))71 K obenM dacTsaM ypasHenus. Ucnomnssys (1) u (2), nupuxo-
JIUM K CJIEJIYIOIIEMY DABEHCTBY:

— ((St = mny) + U(z,y,2,t) +v*/2) u+

+ei ((me +my) P+ (ne +ny) Q) ut

4) e ((% + 3 dive)ut (v V)u— 3 (Vm)P+(Vn) Q) ) +

3
+ S ((Am) P+ (An) Q+2(((Vm) P+ (Vn) Q) - V))u+
+e*Au =0,
rje v = VS—mVn. I3 pasencrsa (4) oueBuiHa JI0CTATOIHOCTH yesiosust IIpengio-
2keHust 1 1 HeoOXOIMMOCTD BBIIIOJIHEHHUSI [IEPBOIO U Y€TBEPTOrO yPABHEHUI CHCTEMBI

(3). Yrobbl nmokazarh HEOOXOAUMOCTD BBIIIOJHEHNsI BTOPOTO U TPETHErO yPABHEHUIA,
obpaTuMCsT K HEOOXOINMOMY PABEHCTBY

((my 4+ my) P+ (ng +ny) Q)u =0.

W3 sToro paBeHCTBA, UMEIOIIETO BUJT

Ou

a(%

+ biku = 0,

cJIeJIyeT, 9TO BO3MOYKHO OJIHO u3 jByxX: mwin ¢ = 0 w rorma b = 0; wim a # 0 u

. b
torga u = Cexp (—12—5). Ioceaee BosmoxkHo (Tak Kak u € L2(R)) Tombko
a
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npu C = 0, 9T0, B CHJIy HENPEPBIBHOCTHU, ITPOTUBOPEUUT TP MAJIBIX ¢ TPeOOBAHUIO

u‘t:o # 0. O

IMoyunm ciepcTBHe U3 HOCAEAHET0 ypaBHeHust cucreMsl (3). Obosnadnm p =
\7,ZJ|2 = |u\2 YdauThiBasi, YTO [IEPBble TPU YPABHEHUs CUCTEMbI YIOBJIETBOPEHbI (aCHM-
OTOTUKA J0 IIEPBOIO MOPsKa L0 £), yMHOXKUM V(z,y,2,t) 006e 9acTH 9eTBepTOro
ypasHeHust (3) aCMMITOTHKU CKaJsipHO Ha u (T.e. Ha (...,u)) U B IOJYyIEHHOM
pesyJbrare BBIJIEINM MHUMYIO 4acTh. [IepBble TPH C/laraeMbIX JIAlOT BbIDAXKEHHE
pt + div (pv). das nocieaero

% ((Vm)P + (Vn) Q)2 U MBI IIOJIydaeM
i (V) P+ (Vn) Q) ) =

- _%' /R ((Vm) P + (Vn) Q)% u(&)u(€)ds + %/ (Vm) P+ (Vn) Q)* u(§)u(€)ds =

R

= |uHTErpUpyeM Mo YacTaM| =

= /R (Vm) P+ (Vn) Q) u(§)((Vm) P + (Vn) Q) u(§)dE—

2

—; | (P (V) Q) (Fm)P + (V) Q u(€)de=0,

IMonyyaem ypaBrenue nepaspbiBHOCTH Jjist p: pr + div (pv) = 0. Bmecre ¢ nepsbivu
TPeMsl yPaBHEHUSIMU, KOTOPBIM YIOBJIETBOPSIET ACUMIITOTHKA, ITO JIAeT CHCTEMY
ypaBHeHU Ditjiepa Jjisi KBA3UIIOTEHIMAJIA C YPaBHEHUEM HEPa3PhIBHOCTH

S¢ —mng + U(x,y,2,t) +v2/2 = 0;
my +my = 0;
ng+n, =0;
pt + div (pv) = 0.
Orcrona nenaeM BBIBOJL:
Teopema 1. Ilycmo u|t=0 # 0. Ecau pynxyus
Plel(z,y,2,t) = g (67286 Ime ™ n) u(w,y,z,t)

ABAACNCA ACUMNMOMUNECKUM pewenuem ypashenus LIpédunezepa ¢ mounocmyio
d0 CAG2AEMBLT 8VIULE BMOPO20 NOPAJKAE OMHOCUMEABHO £, CMPEMAULEL0CH K HYNO,
mo gyrkyuu S, m, n u p = |u|2 ydosaemeopaom cucmeme ypasHerutd Juaepa 0as
KGA3UNOMEHUUAAL, ONUCHLEAN0UWET MeveHue Udearbholi HCUIKOCU 8 NOMEHUUAND-
HoM noae cun. B wacmmocmu, ecau nomenyuan U =P (|¢|2), mo aMu YPasHeHUA

ONUCHIBAIOM, BUTPESDLE MEYEHUA OAA BAPOMPONIHOIT NPOYUECCOS.
St — mns + P(p) +v*/2 = 0;
me +my, = 0;
5
( ) ne +n, =0;
pe +div (pv) =0 0

Hetrpynuo Beinucars yeaoBus JJid ¢ |[e], obecrnednBaonye BbIIOIHEHAE Y PABHEHU
Ipénunrepa ¢ TOYHOCTHIO BBIIIE BTOPOil cTemeHn mapaMerpa €. s sroro npume-

_ _ _ —1 .
HAM (g (5 2S. e tm,e 1n)) K obenM gactsm ypasuenus LlIpémumnrepa, B koTopoe
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Obuta mogcrasiaena ¢ = [e]. Ipynnupys Ko3(pUIMEHTDI DU CTENEHAX € KAaK B
(4), m ucnob3ysa coxpamienus Ly 1ys koaddunmentos mpu X, k > 2, momygaem

(= (80— mn) = Ulwy,z.t) = v2/2 ) u+ i (mu+
(6)
+my)P + (ny + ny) Q)u +e2Lou+ 2 Lau+ *Au = 0.

IpencraBum B (6) u(z,y,x,t) Kak u = ug + €Uy + ... + € uy,

Ilpengoxxenue 2. IIpu r = 1 mpotika S, m, n ABAAEMCA ACUMNMOMUUECKUM
pewenuem ypasrenus Ilpédurzepa ¢ MowHoCmMBbI0 00 CAGZAEMBIT BVIULE MPEMBERO
nopAdKa OMHOCUMENLHO CMPEMAWLEL20CH K HYAW € Mo2da U MoAvko mozda, ko2da
PyHKUUY S, M, N U U ABAAOMCA DEWEHUEM CUCTILEMDL YPABHEHUT
’U2

S; — mng + U(x,y,2,t) + 5 = 0;

my +m, = 0;

ng +ny, = 0;

LQUO = O;

Louy + Laug = 0.

Ipu r > 1 mpotika S, m, N AGAAEMCA ACUMNMOMUYECKUM PEUWEHUEM YPAEHEHUSA
IIpédunzepa ¢ MouHocmsvio Ao CAAZAEMBLT BHIUWE T+ 2 NOPAJKA NO €, CIMPEMAULUMCS,
K HYA10 Mo20a U Moavko moada, Ko2da Gynkyuw S, M, N U U AGAAIOMCA PEUEHUEM
cucmemuvl, YypasHeru

v2

St — mn + U(z,y,2,t) + 5 = 0;
me +my, = 0;

ng +n, = 0;

(7) Loug = 0;

Louq + Lyug = 0;

Lous + L3uy + Aug = 0;

EQUT + £3ur_1 + Aur_g = 0

Jloka3aTebCTBO COCTOUT B IPUPABHUBAHUU K HYJTIO KO(MDMUIINEHTOB IIPU BCEX
CTEIEHsIX € JIEBOI JacTn ypasHeHus (6). O

CanencrBue 1. Ecau dasr > 0 dynruuu Yle](x,y,z,t) c u=ug+eus +...+e"u,
ABAACTNCA ACUMNIMOMUMECKUM pewenuem ypashenus Ilpédunzepa ¢ mounocmvio

00 caazaembiz 6viwe T+ 2 NOpAJKA OMHOCUMEABHO €, CTIPEMAUEZOCA K HYA0, TO
(f (Stfmnt)—U(z,y,z,t)—v2/2) u+ei((my+m,) P+

(8) 2 3 4 3

+ (nt—i—nv)Q)u—&—s Lou+e® Laut+e* Au=0 (EH' )

Joxazameavcmeo. Eciu nepsoe ypaBuenue cucreMbl (7) yMHOXKUTD Ha — 1, Bropoe

— Ha €iP, Tperbe — Ha £i(Q, 4eTBepTOe — Ha £2, mATOE — HA £°M T. J., TO BCe

CJIOXKUTh, TO TOJYIUTCsT OTHOIIEHNE (8). O

Caencreue 2. Ecau gynryus

Y[el(xy,z,t) =g (5_28,5_1m,5_1n) u(z,y,z,t)

ABAAEMCA ACUMNMOMUYECKUM peuweruem ypasnenus I[lIpéduneepa ¢ mounocmyio
do caazaemur eviwe T + 2 nopadka (r > 1) ommocumenavho €, cmpemsuLe2ocs
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2 .
K Hyato, mo gynrkuuu S, m n u p = |ul” ydosaemeoparom cucmeme ypasheru
dinepa 0asa K6A3UNOMEHUUAAL, ONUCHIBAIOULE20 MeYeHUE UDEANLHOT AHCUIKOCTU 6
NOMEHUUANLHOM NOAE CUN.

S¢ — mny + U(x,y,z,t) + 02 /2 = 0;
my +my, = 0;

ng +n, = 0;

pe + div (pv) = O (e"T1).

2
B wacmmocmu, ecau nomenyuan umeem eud U = P (|¥]7), mo smu ypasrerus

ONUCHIBAIOM BUTPEBBLE MEUYEHUSA ona 6ap0mp0nmna: npoueccos.

S¢ —mny +P(p) +v*/2 =0
my +m, = 0;

ng +ny, = 0;

pi + div (pv) = O (e"1) .

[Taru gokazaTesabCcTBA HOBTOPSIOT BBIBOJ TEOPEMBI 1 .

Buviodn

B pabore mokazaHo, YTO MaTeMaTUIECKUE MOJICJIM NHTEIPAJIHLHBIX TOBEPXHOCTEH
pa3MepHOCTH 4 KJTaCCUIECKOTO TaMIJIBTOHOBA IMIOTOKA — C OJHOM CTOPOHBI, U ACUMII-
ToTUYIeCKUX pemrenuii ypasuenus [Ipemquirepa — ¢ Apyroiit, MOryT OBITH B HEKOTO-
POM CMBICJIE OTOXKECTBJIEHBI. TOUHEee UMEETCS B BUIY CJIEIYIOIIEe.

1. /ljist KJIaccuIeckKoro o6beKTa raMUIbTOHOBONM MEXaHUKN — T depeHnabHoii
dopmbl sHEprun-uMiyabca A = pdr — Hdt Mbl oTMeuaeMm, 9TO KJacC BHEITHETIO
muddepenimasta 31oit popmbl He peBocxoauT N Ha TPOU3BOIBHON WHTErPAIHHOM
moepxuocTu paszmeproctu N + 1. Orciona ciemyer, aro Jyist ciaydas N = 3 mpous-
BOJIBHON MHTErPAJILHOM MTOBEPXHOCTH PA3MEPHOCTH YeThIpEe B PACIIMPEHHOM (Da3o-
BoM mpocrpancTee R’ dopma d)\ pasmoxkuma. st He3aMKHYTOH (OPMBI A 3TO
O3HAYAET BO3MOXKHOCTD €€ IIPEJICTABICHNST Ha TOH MOBEPXHOCTU B BUie A = dS —
mdn ¢ HeKOTOPbIMI (DYHKIUAMHE S, M U 1. DTa TPOHKa CKAJSIPHBIX (DYHKIMIA HA3BI-
BaeTCS KBA3UIIOTEHITHAJIOM (POPMBI SHEprun-uMirysibca A. B ciaydae, korma dopma

2
A = vdr — (U(x,t) + v2> dt KBa3uUMOTEHIUAJ S, M U N YIOBJIETBOPSET CHUCTEME

yPaBHEHU, 9KBUBAJEHTHON CHCTeMe ypaBHEHU Jiljiepa neabHOM KUIKOCTH, U
naer upezcrasienue Knebma perrennii cucrempr Ditsiepa ( IIpeaioxkenue B pas-
qene 1 ).

2. JIj1st TOCTPOEHUsT AaCUMIITOTUKH B KAYECTBE UCXO/IHOTO KBAHTOBOI'O OOBEKTA IIPE/I-
JlaraeTcsl MCIoIb30BaTh ypasHenue IIIpénunarepa it BOJIHOBON (YHKIUU 1) CO
sHavenusvu B L?(R) — rusm6epToBoM mpocTpaHcTBe. DTO TO3BOJISET ONMPe/Ie/ T
HETPUBHUAJIBHOE YHUTAPHOE JeiicTBue rpymmbl Leiizenbepra B 9TOM IIPOCTPAHCTBE U
HCITOJIB30BATh €0 I TOCTPOSHUS aCUMITOTHYECKUX pernennit ypapuernus: [1Ipé-
nuarepa. [Ipenioxken ansary 11t aCUMITOTUYIECKOTO pertenus ypasuenus LITpémum-
repa. DTa KOHCTPYKIHs 0000IIAeT IMIIPOKO MCI0JIb3yeMO€e KBA3UKJIACCHIECKOE IIPHU-
6mkenne. opma obobienust ¢[e](x,y,z,t) npuBeaeHa B Hauase pasena 3 .

3. Jokaszano (IIpeaJioxkenue 1), 9410 1iepBble TPU yCIOBHs CyIIECTBOBAHUSL ACUMII-
rTorudeckoro pertenust ypasaenusi lIpenunrepa suna t[e](x,y,z,t) coBnagaior ¢
COOTBETCTBYIONINMI YPABHEHUSMHU CUCTEMBI J[JIsi KBA3UIIOTEHIINATA, & CJIEICTBAEM
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ITOCJIETHETO yCJIOBUsI SIBJISIETCS YpaBHEHUE Hepa3pbiBHOCTH. Teopema 1 obobrmaer
9TO yTBepzKAeHue Ha caydail sasucumocta U = P(|1|?) mis norennuana B ypasme-
unu [IIpeguarepa. AcuMmmrorndeckasi TpoiiKa S, m U 1 B 9TOM CJIyYae OIMHCHIBAIOT
BHUXPEBBIE TeYEHUsI JjIsi OAPOTPOIHBIX MPOIECCOB. 3aMETHM, YTO B YACTHOM CJIydae
9TO OTHOCHUTCH K ypaBHeHuto I'pocca—IlutaeBckoro. B npemioxkenun 2 u cjieICTBUSIX
YKA3aHbI CIIOCOOBI TIOBBIIIEHNs] TOYHOCTH ACUMIITOTHKE 10 CTeleHeil & = v/ Bbiie
BTOPOA.

4. 3aMeTuM, 9TO U3 TPUBEJIEHHOIO aHAJIN3A CJIe/IyeT IPUHIUITHATbHAS BOSMOKHOCTD
ITOCTPOEHUsI «HETIOJTHON» ACUMIITOTUKY perternit ypasaenust [Ipeguarepa. meercs
BBU/y, YTO MOXKHO HAWUTH S, M, n U p = |1/J|27 TO €CTh HAWTU aCUMITOTHIECKUE
3JIeMEHTHI TpyIibl [ eiizenbepra, neficTByOMMe Ha HAYAIbHY O BOJTHOBYIO (DYHKITHUIO,
U MOJIYJIb 9TOW (DYHKIIUHU, HE HAXOMA caMOil (DYHKIMH. DTO MOXKHO CJIEIATH, HARIST
cHaYAaJIa PeIlieHrne CUCTEMBI ypaBHeHMiT Ditrepa

0+ VU(2,y,2,t) = 0;
p +div(pv) = 0.

(U(z,y,2,t) = P(p) mast 6apoOTPOIMTHBIX MPOIECCOB).

[Tocste sToro MoxkuO Haiitu S U m, n u3 yciaosus d\ = dS — mdn. B kadectBe
AJIbTEPHATUBBI MOXKHO MCKATh S, M U 1 U3 p YPABHEHUH JJIsl KBA3UIIOTEHIHAJIA.

Takum 06pa3oM ecjIi IOUCK aCUMIITOTHYECKOTO PEIIEHNs JIMHEHHOTO ypaBHEHHS
IIIpéaunrepa oCyIECTBIATDH IO3TAITHO, TO Ha TIEPBOM STaIle — MOUCKA KBA3UIIOTEH-
IyuaJja — MPHUJIETCA PEIIaTh HEJIMHEHHYIO 3a/1a1y, Ha BTOPOM — HAXOXKIEeHUe
u(z,y,z,t) u p(x,y,z,t) B 0603HaueHUAX PABOThl — YyPABHEHUSI JTUHEHHBI.

Tlonck acMMOTOTHYIECKOTO pelleHus HeJanHeiHoro ypasuenust ['pocca—IIuTtaesc-
KOI'O TO2K€ MO2KHO paS6HTb Ha JIBa 9Talla: Ha IIEPBOM dTalle — ITONCKa KBa3UIIOTEH-
[MaJIa U IVIOTHOCTH p — HeJIMHeHHasl 3a/1a9a, 1 HaXoXKIeHue u(z,y,z,t) — JnHeiiHasl.
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