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IMOTOKN KBA3UKJIACCUYECKNX TPAEKTOPUI 1
ACUMIITOTUKA PEIIEHUI YPABHEHUS IIPEJIVMHTEPA

B.B. XABJIOB

ABSTRACT. 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 potential 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
h tending to zero, lead to equations for vortex flows of an ideal fluid in a
potential field of forces. If the original Schriodinger equation is nonlinear,
then equations for barotropic processes in an ideal fluid are obtained.

Keywords: Schroédinger equation, Euler equations, short-wave asympto-
tics, quasi-classical approximation, quasi-classical limit.

BBEAEHUE. TPAIUIIMOHHAA CXEMA KBABUKJ/TACCUYECKOTO ITPUBJJINKEHUS
" TIIPEJJIATAEMBIE UBMEHEHNA

HaszBaHHYI0 CXeMy MOXKHO MTPEJCTaBHUTh, COOCTABHB 3a,1€/iCTBOBAHHBIE DAa3/IeIIbl
KJIACCUYECKOH (JieBas KOJIOHKA) U KBAHTOBOH (IpaBas KOJOHKA) MEXaHUKH.
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1. O6bexThr: ravuabronnan H (z,p,t),

dbopMa SHEPTUU-UMITYIHCA

A = pdx — Hdt, ypaBHenus

{ i = H,
p =—H,

$a30BOM TIPOCTPAHCTBE.

2. Knacc uHTErpasibHbIX MOBEPXHOCTEH

A* B pacmupentoM dazoBoM
IPOCTPAHCTBE, BHLICIACMBII

JJI TPAeKTOpuit B

1. O6bekTor: ypasuenue Ipénunrepa
iy + H (ﬁg x, t) 1) = 0. Pemenne

T K
— BostHOBasg (DyHKIHA 1) : R?x,t) — C.
2. Ha obmactu 3nadenuii C' BOTHOBOI
dbyHRIME HeficTByeT rpyrima,
G =U(1) = {e**} spamenmui.
Pemenne ypasuenus IIpéaunrepa
crpourcs B Buge ¥ = g(z, t)u(z,t),

rpeboBanueM dA|pe = 0.
3. JlokanbHO ycioBue dA|ps = 0 Brieder
CyIIeCTBOBAaHUE HOTeHIHaa S :

7
g= e%s(w’t) €q.

3. Acumnroruka perenus npu i — 0

MPUBOJUT K CHUCTEME YpaBHEHUH
dS = \. Eciu A* quddeomeomopduo DIBO P

4 4 Famuaprona—fkobm
npoekTupyercs B R T0 A* —3T10
() Hepa3pLIBHOCTH

LIOBEPXHOCTb p = Sy, rie S — pelenue Si+ H (x,5,,t) =
» MTy -

ypasHenus lammnnbrona—Akobn { pt + div(pv) =0,

St + H(.T, Sz,t) =0.

Jlarpamzkesa nosepxuocts A*: {p = S,} C R(7w pit) — UeIb KOHCTPYKIIMH KBa3u-

0;
p= |u(x,t)\2,

knaccudeckoro npubsmkennsa. O6bekt A* Bvecre ¢ pemenuem p(z,t) ypaBHenus
HEPA3PLIBHOCTHU OMHUCHLIBAET JBUXKEHUE HEKOEH WIeaTbHOW KUIKOCTH (WJIU ra3a).
TToTok 3T0i#t «>XKMAKOCTH» 00pa30BAH BO3MOXKHBIMU TPACKTOPUIMHU OTIEIHHBIX Fac-
THIl, ¥ B ONMCAHWY [IBVKEHUs HE yIACTBYET B3AUMO/IEHCTBUE ITUX TACTHUII.

Ecmn cBs3arh MIOTHOCTH 3TOrO MOTOKA C ITOTHOCTHIO PACIPEIETEHUs BEPOsT-
HOCTH [IJI 9aCTUIBI HAXOAUTHCS B COOTBETCTBYIOIEM MECTE, TO MOJIEDb IIPEICTaB-
nsgercs nernoauoit. Kak ciemgyer n3 mpuBeeHHON KOHCTPYKITUN TAKOH TTOTOK, HATIPH-
Mep, ABJISIeTCS DE3BUXPEBBIM. 10 €CTh OCTAETCST B CTOPOHE CIIydail «O0IIMero mojioxe-
Hus». Bompoc BO3MOXKHBIX BUXPEBBIX TedeHM, Kak ykasbmBaJga . Bom, a morom
B. B. Kozios u apyrue ucciemoparesu, npopadoran Heaocrarodno. OKas3blBaercs,
9TO ODINME BUXPEBBIE TEUEHUS MOYKHO BKJIIOYATH B OMHUCAHHYIO CXEMY, IBUTASICH C
JIByX CTOPOH.

(1) Tlpu omuMcanny MHTErpPaJbHON MOBEPXHOCTH TPACKTOPUil B (Ha30BOM MpO-
CTPaHCTBE OTKa3aThcA OT Jarpamkesoctd A? (o CTOPOHBI raMMILTOHOBOT
MeXaHUKH), 3aMEeHUB 9T0 TpeboBanue 6ojee obIuM.

(2) dns mocTpoeHusi acMMOTOTUYECKUX perieHuil paciupurb rpymnny G (co
CTOPOHBI KBAHTOBON MEXAaHUKH), COXPAHUB BO3MOXKHOCTH IIPEJIEJIbHOIO IIPU
h — 0 mepexoma.

IMocTynast Takum 0Opa30M, MCIOIB3YsT BMECTO JIArPAHYKEBBIX MOBEPXHOCTU A,
KOTOPBIE TIPY 3TOM BO3HUKAIOT, YAAETCs MOy YIUTh TOBEPXHOCTH, TPACKTOPUU JIBU-
JKEHMsl YACTHIL XKUJIKOCTU HA KOTOPBIX BMeCTe C peliienueM p(x, ) ypaBHeHUs Hepa3-
PBIBHOCTH ONMCHIBAIOT ABUKEHUE OOINEil WIea bHON KUIKOCTH.

Cmpyxmypa coobuierus

KBasunorenruaJsa. s mosicHeHus pe3yabrara paboThl CHadYa a B 1-M paserre
OTMEYaeTcs, 4T0 Ha IPOU3BOJIbHOM HHTEIPAILHON HoBepxHOCTH pazmeproctu N +1
kjacc Bremuero nuddepennuaiia Gopmbl 3HEprUA-UMITyIbca A = pdx — Hdt, nc-
N0JIb3yeMOli B KJIACCUYIECKON IaMujIbTOHOBON MexaHuKe, He npesocxogur N (r €
RY). Orciona crefyer, 9T0 Ha MPOM3BOIBHON HHTETPATBHOM TTOBEPXHOCTH pa3Mep-
HOCTH 4eThIpe B paciupenHoM (aszosom mpocrpancrse R’ dopma d\ pasioxuma.
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s dopmbr A 9TO 03HAUAET, 9TO €€ MOYKHO IMPEICTABUTH HA ITOIM MOBEPXHOCTH
kak dS — mdn c HekoropbiMu GyHKIEAMY S, m u n. CKazaHHOE BbIIIE MTPUMEHsI-

2
eTcsa majiee JJid IPUMEpa, B KOTOPOM A = pdr — (U (x,t) + 21;\/[) dt (6e3 morepu

obmrocty M = 1 u p = v). Tpoiika S, m u n ckaIgpHbIX QYHKIWIA, OIPEIEIAI0-
mas (OpMy IHEPTUU-UMILYJIBCA A\, ABJISETCA MEHTPAIBHON B CTAThE M HA3BIBAETCS
kBazuorennuagioM. OQUUCAHUS TOTOKA JBUKYIIEHCS XKUJIKOCTH YPABHEHUIMU [1JIst
KBa3WITOTEHIINAJIA WJIN C TIOMOIIBIO KJIACCUYIECKUX ypaBHeHMit Diiiepa paBHOMPAaB-
ubl. Tpoiika S, m u n u3BecTHa B rUAPOAMHAMHKE Kak rmoTeHnuassbl Kieorra.
T'pynna Teiizenbepra. B crnenyiomem 2-m pasjee BBOAWTCS OCHOBHON KBaH-
ToBbIii 06bekT — ypasuenue Illpenunrepa, pemenuem Koroporo (B orsidume OT
TPAAMIMOHHOIO LIOAX0/a) Mbl cauTaeM (pyHKUuUIo ¥ Touku (T, y, 2, t) CO 3HAYEHUAMU
B ruabGeprosom npocrpancrse L2 (R). 3uauenns pemennit ypasuenus [Ipéaunre-
pa momyckaior neficTBust rpynmbl eitzenbepra I' m 310 ypaBHeHWe WHBAPHAHTHO
OTHOCHTEJIBHO TIOCTOSIHHBIX (He 3aBucsnmx or (x,y, z,t)) nedicruii. Takas To4Ka
3peHns Ha BOJHOBYIO (PYHKITHIO 0O00IAET TPATUIIMOHHYIO U IMOACKA3bIBAET NCKATDH
pemtenns ypasuenus [lIpenwarepa Kak pe3yabTaT aeificTBus 31eMeHTOB | Ha QyHK-
umio u(x,y, z,t) co 3navenuamu 8 L?(R).

B 3-m pasnerne BBommTcs acuMnToTndeckas ¢dbopma perrenust ypaBaenusi [IIpé-
auHrepa. JTta dopMa MpejiaraeTcsi BMECTO MCIOIb3YeMON B KBA3MKJIACCHIECKOM
npubsukenuu. llccienoBano nose/ienne periennii ypastenus Lpénuarepa ornocu-
TEJbHO /i, CTPEMSINErocsi K HyJII0, U, KaK CJIeJCTBUE, MMOKA3aHO, 9TO aCHUMIITOTHKA
[MOIYUHSACTCS YPABHEHUSM JIJIs KBA3UIIOTEHIMAIA SHIEPOBON MOJETH HIeATbHOM
KUJIKOCTH.

1. KBABUIIOTEHIHAAJ

Jasee n3znoxxkenue B paboTe HOCUT JIOKAJIBHBIN XapaKTep, T. €. TPeIoJia-
TaeTcs, 9TO MEPEMEHHBIE IPUHAJIEXKAT JOCTATOYHO MAJIONH OKPECTHOCTH HEKOTOPOIt
TOYKHU, B KOTOPOil BCe paccMarpuBaembie (DYHKIUHA W WX TPOM3BOIHBIE HEITPEPbHIB-
HBI JI0 UCIOJb3yeMoro nopsaka. [Ipu sTom npeciemyercs mesb: nosrydurs HopMy
ypaBHeHUH Momenu Diiepa MAeasbHON KUJIKOCTH, IPIMO CBA3aHHYIO C 3ajadeit
KBA3UKJIACCUIECKOTO TTPUOIMIKEHHUS. JTO JETAETCI BBEIEHUEM «KBA3UIIOTEHIINAIA>
U CHCTEMBI YPABHEHUIT /JI KBA3UIIOTEHIIAAJIA.

XapakTep 00BbEKTOB OOIIWiA, U TIPUXOAUTCS STBHO BOCIPOU3BOAUTH YACTHIHO 00-
Men3BecTHbIE (PAKTHI, «(DOTBKIOP».

1.1. MaTerpajbHble MOBEPXHOCTH TaMIJILTOHOBA IMOTOKA; KJacc (bOpMBI
SHEePTUU-UMILYJIbca. PaccMoTpuM crucreMy [aMIIBTOHA ¢ FaMIIBTOHHAHOM
H(x,p,t), onpeieTeHHBIM B pacIImpeHHoM $ha3oBoM mpoctpancTse RV

ii=H,; pi=—H,; i=1,2...,N.

i
Iycrs AN+! — rjajgxas wHTErpasbHAs MOBEPXHOCTH pa3MeprocT N + 1, KOTOpOit

KACAETCsl TAMUJIBTOHOBO BEKTOPHOE moje 8 = Py Hpa— —H, C TIo/Ipa3yMeBae-
X

o
MbIM cymmupoBanuem). Q6osnaunm A\ = pdr — Hdt, \* — cyxkenue HopMbl A Ha
AN TTasmee Touka Has uMeHeM (BYHKIHH — TO PE3y/ILTAT HIPUMEHEHHs HoJis O.

Vreepxkaenne. Ecau ANT! — 2padkas unmezpanvnas das O noseprmocmo,

mo kaacc duddepenyuarvhotc gopmor dN* ne npesviwaem N. B wacmmuocmu, eciu
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xaacc = N = 3, mo dopma d\* pasaoorcuma, caredo8amesbHo CyuLecmsyem mpouka
S, m, n maxuzr 2radkur ynryui, onpedesennnir na noseprrocmu A*, wmo dS —
mdn = \*. 9mu Pynkyuu yooeaemeopaOm cucmeme YpasHeHul
m=n=0;, S=pH,—H.

HeiicrBurenbuo, dopma d\ = dp A de — dH A dt ectwb, cornacuo . Kaprany, ab-
COMOTHBIH HHTerpanbubii naBapuant nosia 9 ([1],[2]), . e. Ha mosepxnoctm AN
suyTpennee npousseienue igd\ = 0. IIpu srom none @ nesbipozkaeno na AN
Orcroma ceyer, ato Kaace dhopMer (dA\)* — cyxenns d\ ma mosepxrocts ANV L —
He npesocxogur N. B ciyuae N = 3 ecqu kiacc dopmbl (dA\)* pasen 3, To dhopma
(d\)* sBagerca pazioKUMOR. DTO 0O3HAUAET, YTO CYIIECTBYET Hapa TakuxX (yHK-
nmit m u n, onpejeneHnbx Ha nosepxuoctd A*) aro (dA\)* = d\* = dn A dm, u
A* = dS — mdn pus vekoropoit dyukuuu S. Eciu upennosnoxurs, yro (dA)* # 0
na nosepxuocti A, To u3 pasenctra 0 = igd\ = ig(d\)* = ig (dn A dm) Tenepn
crepyer 1 = n = 0, a u3 Toro, uto A = dS —mdn cieayer paBeHcTBO S = pH,—H.

1.2. ITocTpoeHue MHTErpaJIbHBIX IIOBEPXHOCTEN 1 KBa3zunoreHnuasia. [Ipu-
BesieHHOE Y TBEPKAEHUeE TI03BOJIeT PACIIUPUTH KOH(MUTYPAIIMOHHOE TTPOCTPAHCT-

Bo R, p UPH OIHCAHUU TPACKTOPUH IBHKEHHs YACTHUIL 10 Riot p,S,m,n> TOTHATD

) 0 0 .
BEKTOpHOe Tojie 8 = o T H, o H, 55 R; ;, 70 noms

= 0 0 0
a—a“v‘H ——Hpr—l—(pHp—H)

e}
P ox as
B R'C 1 cBA3aTL TPAEKTOPUN JABMYKEHHS ¢ HHTETPATBHBIME KPHBLIME 3TOTO IIOJIA B
R0,

OGO3HAMMM CUMBOJIOM A HHTErpasbHyI0 HOBEPXHOCTD pasMepHocTd 4 mons & B
R0, na koropoit anmymupyercsa muddepennnamsaas dopMa A — d.S + mdn.

B coorBeTCTBUU € BBIMEU3IOKEHHBIM (OPMUPYETCS CJIEAYIOMNUNA BO3MOKHBIN
MOJIXO/T K OMUCAHWIO WHTErPAJIBHBIX MOBEPXHOCTEH A B KOH(DUTYDAIIMOHHOM TPOCT-
paucrse R':

(1) Uexomanoe muoroobpasue A pasmepuoctu 3 8 RV crpontes no umimynberomy
pacupeesenuio p(x,0), 3agannomy upu t = 0, u ycaosuo A — dS + mdn = 0, 4ro
PaBHOCHUJIBHO TOMY, 4TO mpu ¢t = 0 3Ha4eHwus S, M, n OMPEIENIAIOTCST U3 PABEHCTBA
dS — mdn = pdzx.

(2) Ucuoub3yst HOTOK, 33JaHHbIH BEKTOPHBIM 110JIEM , naiisem pelenue 3a1a41u
Kommu A = |J A} u3 ucxomnoro Mmuoroobpasust AJ.

t>0

(3) o nmocrpoenuto npoussonuas Jlu muddepentmanbaoit popmsr A —dS +mdn
BIOJIb IOTOKA & pABHA HYIIO, M MOSTOMY Ha A ammymupyercs muddepeHnuanbaast
dopma A — dS + mdn.

Takum 06pa3oM, TaKOi IOAXO JaeT BO3MOXKHOCTH CTPOUTH MHOrooopasue A C
RV Bmecro narpamkesa muoroobpasus A* C R, koropas crpouTcsa 1pu 1mocrpoe-
HWH TIOTEHIINANIA CKOPOCTH TPAIUIMOHHON GEe3BUXPEBOi acuMITOTHKY [3].

IIycts moBepxuOCTh A muddeomopdHO TPOEKTUPYETCs B Ri,t. B stom cayuae
UMITYIIBCH p(,t) BMecTe ¢ QyHKIMeH MIOTHOCTH p(x,t) JAI0T KJIACCHYECKOe OITH-
canne Jiijiepa JBUKEHUS MOTOKA COOTBETCTBYIOIIEH «HUIEATBHON JKUIKOCTHS, MO-
CKOJIbKY TI0 MTOCTPOEHUIO YIOBIETBOPSIOT cucTeMe nuddepeHualbHbIX ypaBHEHUI

Dbt + (U : V)P = —Hg;
pr +div(pv) =0; v = H,.
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ITocnennee — ypasuenue nepaspsisHocTH. Eciin ncnosb3oBaTh paBeHcTBo p = V.S —
mVn Ha A, TO TOT e MOTOK «UIEATILHON KUIKOCTH» MOXKHO OIMHUCATDH € MOMOIIBIO
JIPYTOil 3aMKHYTON CHCTEMbI YPABHEHUN — CUCTEMbI ypaBHEHWI Jjist TPOHKHU S, m,
n

my+@-V)m=0; ng+(v-Vin=0; S, + (v-V)S=pH,— H; v=H,,

(B koTOpoi#i mozcTasieHo p = V.S — mVn), IONONIHEHHOH ypaBHEHUEM HEPa3PhIB-
HOCTH.

Yrobbl He BO3HUKAIA MYTAHUIA C MOTEHIUATLHBIMA TEIEHUAMH TAKYIO TPOM-
Ky dyHKmit S, m, n 6y1eM HA3bIBATH KGA3UNOMEHUUAAOM OASL PEUEHUS UCTOO0-
HOU cucmemsv, YpasHenull IJUaepa, a MOTYUEHHYIO CUCTEMY — CHCTEMON ypaBHe-
HUN )1 KBa3umOTeHInaIa. /lajee canraem, 9To [JIs penieHus ypaBHeHui Jiiie-
pa Takoi KBA3UMOTEHINA CyecTByeT. OTMeTuM CBOMCTBO MHBAPUAHTHOCTHU MTOJIY-
YEHHOW CHCTEMBbI [isi KBazumnorennuasaa. OHO COCTOUT B TOM, 4TO MO paCIpeieie-
HUIO0 UMIIYJILCOB Ha MHOroobpasuu A, Tpoiika S, m, n oupeneasiercs He OJHO3HAY-
Ho: Jfoboe mpeobpaszoBanue Tpoiiku S, m, n, ocraBisgomnee Gopmy dS — mdn =
dS’ —m/dn’ mem3aMenHOIi, TPUBOINT K TO YK€ CUCTEMe ypaBHEHWIT 71T HOBO¥ TpOii-
ku S, m/, n'. B wacTHOCTH, Ipeobpa3oBanne

(S,m,n) — (S + Sg +mon,m + mg,n + ng)

¢ nocrosHHbIMU (S, Mg, M) NEPEBOAUT pellieHue B pemenue. Takoe npeobpa3oBa-
HUEe Ompeessier jiepoe meiicrsue rpymnbl Leiizentepra I' BepxHeTpeyToIbHBIX MAT-
pu

1 mo S()
g(mo,no,S0) = 0 1 mng | Ha kBa3unorennmad.
0 O 1

Pacemorpum npnmep. Ilepexosst K OGBIMHO IPUHSATHIM B TEOPHU WIEATBHON KUJI-
KOCTH 0003HaYeHUsIM (p <> v), BO3bMEM IaMUJIBTOHUAH

’U2 'U2
H:U(x,t)JrE,)\:vdx— U(a:,t)+3 dt.

4
(.t

HeHus Dilsiepa i TeUeHu il XKUKOCTH MM I'a3a B oTeHnua baoM nodie cud ([4],[5])
UMEIOT BUJL

Ipeanomnoxum, aro noBepxuoctsb A muddeomopdno npoekrupyercs B R ) Ypas-

0+ VU (z,t) = 0;
pt + div(pv) = 0.

B paccmarpuBaemom kouTekcre U(x,t) — nnbo u3BecTHas GyHKIWs, anbo (st
6aporponubix nponeccos) U(x,t) = P(p), rae dbyuxiusa P(p) cBsa3ana ¢ HaBjIeHAeM
p coorrormenuem VP (p) = %Vp. Omnpenemum Tpoiiky S, m, n TaK, KAK 9TO OMUCAHO
B nmyHkTax (1-2) mocrpoermss A. B 3TOM CiIydae MBI MPUXOANM K MPEICTABJICHUIO
Kuebma

2
vdx — (U + ”2) dt = dS — mdn,
u3BecTHOMY B ruzpoanuamuke ([6], §167; [7], §29) ansa pemennit ypasuenuit itnepa.

CdopmynupyeM sIBHO CBSI3b MEXKLy PEIIEHHSAMU CHCTEMBI yPABHEHUH Diinepa —
C OZIHOH CTOPOHBI U KBa3unoTeHuaiom S, m, n — ¢ apyroii ([6], §167; [7], §29).
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IIpeanoxkenue. Ecau dan nexomopux gynkyu S, m, n, p nepemennors (,y, z,t)

”U2

Sy —mng + U(x,y, 2,t) + 5
me + (v-V)m = 0;
ng + (v-V)n =0;

pt +div(pv) =0,

=0;

mo eexkmop-Pynryuis v = V.S — mVn u cKarap p ABAAIOMCA PEWEHUEM CUCTNEMDL
ypasrernud dUsepa das nomoxa 6 nomenyuasvhom nose cun U(xz,y, z,t) (das bapo-
mponuwuz npoyeccos U(x,y, z,t) = P(p)). B cayuae nenyaresozo rot v das pewenus
(v, p) cucmemos ypasnernutli Jisepa marue Gynkyuu S, m, n 6cezda cywecmseyrom.

2. YPABHEHUE IIIPEAVMHIEPA U I'PYIIA ['EM3EHBEPTA

Paccmorpum ypasuenue Ilpenunrepa

2
il + o A — U2y, 2, 1) = 0.

OGBIMHO TTPETIOIATAETCST, ITO P — ITO KOMIIEKCHOZHATHAA (DYHKIMSA COCTOSTHUS, &
KBAIPAT €€ MOy [1)|> HHTePIPeTHpPYeTCs KaK IIOTHOCTD PACIIPE/ETICHIS BEPOSIT-
HOCTH /1 9aCTHIBI MAcChl M HAXOIUTHCSA B MOMEHT BpeMeHH t B TOUKe ¢ KOOpAUHa-
ramu (x,y, 2).

JI7151 TOCTPOEHUST KBA3WKIACCAYECKOH KOPOTKOBOIHORBOMH aCAMITOTHKY PEITCHUST
ypasuenus IlIpémuarepa ucrmonnsyorea rpymma G = U(1) = {e**} u ommomep-

ol I _ _ih7ls
HOEe TIPOCTPAHCTBO ee mipejcTaBiieHus. [locTpoenre acUMIITOTHKY ) = € U

03HAYAEeT, B YaCTHOCTH, OIPEIeICHIE 3aBUCUMOCTH 3JIEMEHTA eih™'S CPYIIIbI, Jefic-
TBYIOLIEIO HA HEKOTOPYI0 (yHKuuio u(z,y,z,t), or KoopauHar touku (x,y,z,t).
B KBASHKIACCHIECKOM MPUOIMKEHUN HUCITOIB3YeTCs KIACCUIECKHUIT TaMUIbTOHUAH
H= U(x,y,zj)—&—%
ToHOBOI cucTeme. IToBepxHOocTh A? arpanskena, T. e. popMma d\ Ha Heil obpalaercs
B Hymb. Tpebopanme marpamkesoctn mosepxaoctn A* cazano ¢ rpynmoit G = U(1),
UCTOTB3YEMON [1J1si TOCTpoeHus. ECIu pazMepHOCTh YHUTAPHOTO MPOCTPAHCTBA 1)
npejcraBienus OOJbIEe €IMHUIBI, HO KOHeYHa, TO BU, ypaBuenus IIIpéaunrepa u
UHTEPIPETAlysi €r0 PEIIEHUT 110 CPABHEHUIO € OJHOMEDPHDBIM CJIy4YaeM MPAKTHIECKT
HE MEHSIOTCs. B TaKOM ClIydae MOXKHO MCIOIb30BATH BCE PE3YIBTATHI O PA3PEIITIMO-
cru 3amaan Kormm mutst ypasuenust I péauarepa B moaxoasmux GbyHKIHOHATIBHBIX
npocrpancTBax. [Ipobsem ¢ uHTEpTpEeTaINeil peIeHnii Kak B KJIACCHIECKOM, TaK U
B 0000OIIIEHHOM CMBICJIE HET.

I[Ipeiaraercs OTKa3aThesa OT TPeOOBAHUA JIAIPAHIKEBOCTH i nosepxuoctu A4
U CBECTU 3THU TPEOOBAHUS K MUHUMAJIBHBIM JJIs WHTErPAIbHBIX MHOTOOOpa3wil B
KJIACCHIECKOH TaMILUTBTOHOBON MeXaHHUKe, T. . K Pa3JIoKuMocTH GhopMel d\ Ha A%
CornacHo Y TBEPKIEHUIO MPEIbIIYIIEr0 Pa3/Ie/ia 3TO YCIOBUE I KIACCHIeCKO-
ro obbexta A* aBigercs HeobxomuMbIM. JIJIs IPEICTABICHIS PELIeHN  YPABHEeHHS
[MIpeawarepa u TOCTPOEHUS ACUMITOTUKY IPH CTPpEeMJICHUH fi K HYJII0 BMECTO I'PYII-
ubt G = U(1) ucuonb3yercs 6osee wupokas rpyuna Jlu I'. 9ro rpyuua Teitzenbepra
BEPXHETPEYTOJBHBIX 3 X 3 MATPHIL, HE UMEIOIAs KOHETHOMEPHBIX YHUTAPHBIX TIPE/I-
crasjenuii. HerpuBuajbHbIe yHUTAPHBIE TPEICTABJIEHIS IPYINBI || peaan3yorcs B
OECKOHETHOMEPHOM — THJIBOEPTOBOM MIPOCTPAHCTBE, TIOITOMY Jajee 1 — (pyHKIs
nepeMeHHbIX (7, Y, 2, t) co 3HadennaAME B npocrpanctse L2(R), || — HopMa B 3TOM

U MHTEr'paJibHad IIOBEPXHOCTDb A4 COOTBETCTBYIOIIAA I'aMUJIb-
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MTPOCTPAHCTBE OIpe/IiessgeMas IPMATOBBIM ITPOU3BEIEHUEM

(1, s) = /R D (€)Ta(€)de.

Bynem cumrarh, uto pemenne ypasuenus IlIpéaunarepa 1) onpeneneHo, UMeeT
KJIACCHYECKHUE YACTHBIE IPOU3BO/IHDBIE, BXO/IAIINE B YPDABHEHUE, U ITH IPOU3BOIHBIE
menpepsiBubL. lamee B ypasuenun [Ipeaunrepa M = 1.

Wrax, cumBos I' odnavaer rpynmy leitzenGepra TpeyroabHbIX MATPHIL

1 m S
g(m,n,S) = 0 1 n |. YaurapHoe npejcTaBieHHe STON TPYIIIbl PeaTu3y-
0 0 1

eTcs JeficTBHeM cileBa MPOM3BOJIBHOTO daementa ¢(S,m,n) € I' Ha smeMenTHI U3
u € L?(R) no dopwmye [8]

(9(S,m,n)u) (&) = ST (¢ + m).

B srux obosmadennax (g(S,m,n))"" = g(—S + mn, —m, —n). Jnst BHIGPAHHOTO
npeacraBiaenus 6asuc anaredpst JIu rpynmsr [T MoxxHO BBIOpATH Ciiemyiommm o0pa-
30M:

{i,P:%, Q:ig}.

IMycrs S, m, n — ckanspubie GyHKIUU TepeMeHHbx (x,y, z,t), a u — (QyHK-
U mepeMeHHbIx (z,y, z,t) co 3nadenuavu B L2(R). Besem ncrombsyembie nasee
0003HAYEHMS /11 IIPOU3BO/IHBIX:

oy .
(9(Ssmin)) = o—g(Simsn) = AT(g(S;min)); 7=y, 2L,

Ecu, Kak oberano, LY = g~ 'Lg, rme L — nuHEHHLIH ONepaTop, JeHCTBYIOMTI Ha,
U, TO TIPSIMbIE BBIYUCJIEHUS JAIOT COOTHOIIEHUS:

(1) A(g(85msm)u=((Se—mnr)i+m, Prn-Q)u; (—ins)  =—it-—i7(g).

Tax e nosnyuaercs (¢ obozuadennem v = V.S —mVn)
(—iV)? = —iV — i A(g) = —iV — i (vi + (Vi) P + (Vn) Q).

Takum ke 06pa3om BbruucasgeMm A

2
Ay = (v + X(g)) w=(V +vi+ (Vm) P+ (Vn) Q)>u =
= (vi+ (Vm) P+ (Vn) Q) u+2 (vi+ (Vm) P+ (Vn) Q) - Vu+
+ (idiv v+ (Am) P+ (An) Q) u+Au
Ecnu obozuadurs my, = (v-V)m, n, = (v-V)n, 10
Ay = (—v® + 2im, P + in, Q) u+

(2) + ((Vm) P+ (Vn) Q)* u+2 (vi+ (Vm) P+ (Vn) Q) - Vu+
+ (¢div v+ (Am) P+ (An) Q) u+Au
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3. OEOBH_[EHHAH KBA3BUKJIACCUYECKASA ACUMIITOTUKA

Ilepeitnem k mocTpoernio GopMaTbHON ACUMITOTHKY perneruit ypapuenns [1Ipé-
aunrepa. Beegem obosuadenue ¢ = v/, i — «nocrosunas ILiankay, MaJbii napa-
MeTp, KOTOPBI MBI Oy/IeM CTPEMUTH K HYJII0, HAOIIOIAS 33 MOBEIEHWEM DPEIIeHUsT
Ylel-

Wimem perrrerne Ve > 0 B BuIe
11[}[6} (I7 y7 Z? t) = g (5726‘('1;7 y7 Z’ t)7 gilm(z, y? Z? t)7 671”(x7 y7 Z7 t)) u(x’ y? Z7 t)?

e u(z,y, 2,t) — bynxuus co snadenuavu 8 L2(R), g € T.

Jlaee TpesmonaraeTcs, 9To u MpuHaIexRuT D — moamnpoctpanctBy L2(R) —
obmeif wacTi obyacTeil ompemesenus omepaTopos P2 mw Q2 ¢ HopMamu rpaduka.
Takke OyzieM CauTaTh, 9TO pemenne ypasaenus 11péauarepa ¢ onpeneneno, iMeeT
KJTACCHYECKHE JaCTHBIE IPOU3BOIHBIE, BXOIAIIAE B YPABHEHNE, M OHU HEIPEPHIBHBI
KaK (QYyHKINKM CO 3HAYeHusAMHu B D.

IIpeagmoxenne 1. ITycmo u|t:0 # 0. Ymobv ynryus Y[el(x,y, z,t) 6viaa acumn-
momuseckum pewernuem ypasruenua IIpédunzepa ¢ mounocmsio 0o cAG2AEMbIT 6bl-
we 6Mmopozo NOPAIKA OMHOCUMEALHO €, CMPEMAUELOCH K HYAMO, HEOOTOOUMO U
docmamouno wmobv. Pynryuu S, m, N U U AGAAAUCH PEULEHUEM CUCTIEMbL YPAGHE-
Hul

Sy —mny + Ul(x,y,2,t) +v2/2 = 0;
mg +m, = 0;
(3) ne +ny = 0;
iuﬁ—%(div v)uti (v - V) u—l—% ((Vm) P+ (Vn) Q)2 u=0.

Joxazameavemeo. Tloncrasum amsar [e] B ypasHenne IIpéauHrepa n mpuMeHnM
—2¢ -1 —1,,\) !
(g (5 S,e” m, € n)) K 00eum vyacraM ypasuenus. Vcnosnsys (1) u (2), npuxo-
JIAM K CJIeJLYIOIIEMY DABEHCTBY:
— ((Se —mng) + U(z,y, 2,t) + v*/2) u+
+ei ((me +my) P+ (ng + 1) Q) ut

(4) +5%(<§f+%dWU)u+@wV)u—%“VWUP+%V%)QVU>+

3
+ S ((Am) P+ (An) Q +2((Vm) P+ (Vn) Q) - V))u+
+e*Au=0,
rae v = V.S —mVn. U3 pasencrsa (4) oueBugna J0CTATOUHOCT yCa0Bus IIpeiio-
KeHmus 1 1 HEOOXOAUMOCTD BBINOJIHEHNS TIEPBOTO U YeTBEPTOr0 YPABHEHUI CHCTe-

Mbl (3). UTo6bl moKa3aTh HEOOXOAUMOCTD BBINOJHEHNs] BTOPOrO U TPETHEr0 ypaB-
HEHWiT, 0OpaTuMCs K HEOOXOINMOMY PaBEHCTBY

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

3 sT0or0o paBeHCTBA, UMEIOIIETO BUJ,

Ou

a(%

+ biku = 0,

Ce/lyer, 9TO BO3MOXKHO OfHO u3 jByx: win ¢ = 0 uw torma b = 0; wiu a # 0 u

. b
rorna u = Cexp (—12—52). [ocnemree Bo3aMoxkHO (Tak Kak u € L2(R)) TombKo
a
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npu C' = 0, 94TO, B CAJIy HENPEPHIBHOCTH, IIPOTHBOPEYUT MTPH MAJIBIX ¢ TpeOOBAHUIO
u{ =0 #£0. O

IMonyunm crexctere m3 nocnenuero ypasaerus cucrembl (3). O6ozHaunM p =
W;|2 = |u\2 YuuThiBas, 4TO EPBbIE TPU YPABHEHUs CUCTEMbI YIOBJIETBOPEHbI (aCuM-
OTOTUKA JI0 HEPBOrO IOPSAJKA 10 €), yMHOKUM Y(x,y, z,t) 0be 4acTu 4eTBepTOro
ypaBHeHus (3) aCUMIOTOTHKYU CKAJIAPHO Ha u (T.e. HA (...,u)) U B IOJSYIEHHOM
pe3yIbTaTe BBLIAEJUM MHUMYIO 9acTh. IlepBble TPH CIAraeMbIX JAIOT BBHIPAYKEHUE
pt + div (pv). dna nociaensero

% ((Vm) P+ (Vn) Q)2 2 MBI IIOJIy4aeM
1 (V) P+ (V) Q)" w,u) =

=5 [ (Tm) P+ () Q) we)u)de + 5 [ (V) P+ (Tn) Q% ulu(é)ie =

R

= |urTErpEpyem mo dacTaM| =

=4 [ (Fm) P+ (V) Q@) (V) P+ (V) @) (@~
R

~3 | TP+ (W @ a(@) (Vm) P+ (V0) Q) u(€)dé=0.
R

IMonyuaem ypasuenue nepaspbisHoctu Jist p: pr + div (pv) = 0. Bmecre ¢ nepsbivu
TpeMsl yPaBHEHUSIMU, KOTOPBIM YIOBJIETBOPSIET ACUMIITOTHKA, 3TO IAaeT CUCTEMY
ypaBHeHUH Diijepa s KBA3UTOTEHITHAIA C YPABHEHNEM HEePa3pbIBHOCTH

Sy —mny + U(x,y,2,t) +v?/2 = 0;

me + my, = 0;

ng +ny, = 0;

pt + div (pv) = 0.
Orcrofa 1eaaeM BBIBOJ:
Teopema 1. Iycmo u|t70 % 0. Ecau pynryus

_ —2q —1 -1
Ylel(@,y, 2,t) = g (725,67 m, e 7 n) u(a,y, 2,t)
ABAACNCA ACUMNMOMUYECKUM DeweHuem ypashenus [Ipédunzepa ¢ mounocmsio
d0 CAG2aeMBLT BbLULE 8MOPO20 NOPAJKG OMHOCUMEALHO £, CMPEMAULE20CA K HYA0,
2 .
mo gynryuu S, m, n u p = |u|” ydosaemsoparom cucmeme ypasuenud Jinepa 0an
K6A3UNOMEHYUAAL, ONUCHEEUWET Tevenue Udeaabrol HCUIKOCTIU 8 NOMEHYUUANb-
2
HOM noae cur. B wacmuocmu, ecau nomenyuan U =P (\1/1\ ), Mo MU YPasHeHUA
ONUCHLBAIOM, BUTLPEBHLE MeUeHUsA 04 OBAPOMPONHHLT NPOUECCOB.
2 )

Sy —mny + P(p) +v°/2 = 0;
mg +my = 0;
ny +n, = 0;
ot +div (pv) =0 O

(5)

HerpynHo BbIHCaTh yCI0BUS AJist [e], obecriednBaIONe BHIMOJIHEHNE YPaBHe-
uust [Ipéauarepa ¢ TOYHOCTHIO BBIIIE BTOPOH cTemnmeHu mapamerpa ¢. s aroro
npuvennM (g (s*QS,aflm,e’ln))fl K obenm dacTaM ypasaennda IlIpéaunrepa, B
KoTOpOe bObuia noxucrasiena ¥ = le]. [pynnupys kosdduiimeHTsl 1pu crenensx
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€ Kak B (4), m mcnomp3ys cokpamennsa L, aaa xKodbdurmentos npu F, k > 2,
[OJTy YaeM

(— (St —mny) = U(x,y,2,t) — vz/2>u + 5i<(mt—|—
(6)
+ my)P + (ng + ny) Q)u +e2Lou+ e Lau+ e*Au = 0.

Ipencrapum B (6) u(z,y,z,t) KaK © = ug + euy + ... + ",

IIpennoxenume 2. Ilpu r = 1 mpotika S, m, n ABAAEMCA ACUMNIMOMUNECKUM
peweruem ypasHerus IlIpédunezepa ¢ MowHOCTIOIO 00 CAGZGEMBIT BDIULE TNPETNHEZO
NOPAOKA OMHOCUMENLHO CMPEMAULLZ0CA K HYA0 € Mo20a U MOAbKO mozda, Koz20a
dynxyuu S, m, N U U ABAAOMCA PEUWLEHUEM CUCTEMDL YPAEHEHUT

St—mnt+U($7y,z7t)+§ =0;
me + my, = 0;

ng +ny, = 0;

£2U0 :0;

Loui + L3ug = 0.

Ipu r > 1 mpotika S, m, n ABAAEMCA ACUMNMOMUYECKUM PEUWEHUEM YPAEHEHUS
1IIpédunzepa c mouHOCMbIO 00 CAGZGEMBLT BbLULE T+ 2 NOPAJKG N0 €, CMPEMAULUMCS
K HYA10 0206 U MosbKo Mozda, Kozda pyHKuuw S, M, N U U ABAAIOTNCA PEWEHUEM
cucmembvl YpasHeHul

v2

Sy —mny + Uz, y, z,t) + 5= 0;
me + my, = 0;

ng +ny, = Oa

(7) Loug = 0;

Louy + L3ug = 0;

Loug + Laur + Aug = 0;

Lou, + L3u,—1 + Aup_o = 0.

JoKa3aTesibCTBO COCTOUT B IPHPABHUBAHUY K HYJII0 KO3(hDMHUIMEHTOB TIPH BCEX
CTENEHsX € JIeBOi YacTu ypaHeHus (6). O

CuepcrBue 1. Ecau daa r > 0 dynwyuu Y[e](x, y, 2,t) cu =ug+eus +...+"u,
AGAACTCHA ACUMNMOMUYNECKUM pewenuem ypasuenus [lpédunzepa ¢ mounocmvio
do caazaemuiz eviwe T+ 2 NOPAIKG OMHOCUMENDHO €, CTNPEMAULELOCH K HYANO, MO

(— (St—mnt)—U(x, Yy 2, t)—v2/2)u+€i((mt+mv) P+
+ (ne+ny) Q) ute? Loute Laute* Au=0 (5”3) )

Joxasamenvcmeo. Eciu nepsoe ypaBuenue cucrembl (7) yMHOXKUTH Ha — 1, BTOpoe
— na eiP, Tperbe — Ha €i(), YeTBepTOE — HA £2, HATOE — HA €5 U T. 1., TO BCE
CJIOXKUTb, TO IOJy4HTCd OTHOLIeHuE (8). O

(8)

CaenctBue 2. Ecau pyHnryus
Yl (@, y,2,t) = g (725,67 'm, e n) u(a, y, 2,t)

ABAAEMCA ACUMNMOMUNECKUM Pewenuem ypasuenus Illpédunzepa ¢ mounocmovio

do caazaemvniz éviwie 1+ 2 nopadka (r > 1) omHocumMeAbHO £, CMPEMAULELOCH K HY-
2 o

a0, mo Pynryuu S, mn u p = |u|” ydosiemsopsrom cucmeme ypasuenuti Jiaepa
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ona K6a3UNOMEHUUANA, ONUCDIBATOULECO TNEYEHUE udeanrvroli socudKocmu 6 nomeH-
YUANADBHOM NOAE CUA.

Sy —mny + U(x,y,2,t) +v?/2 = 0;
m¢ + my, = 0;

ng + Ny, = 0;

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

2
B wacmnocmu, ecau nomenyuan umeem eud U = P (|¢¥|7), mo amu ypasuenus

ONUCHLIBAI0M BUTPEBDIE TMEHEHUA ons 6apomponmnm npoueccos.

Sy —mng + P(p) +v*/2 = 0;
me +my = 0;

ng + ny = 0;

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

IITarun JokazaTeabCcTBA MOBTOPSIOT BBIBOJ, TEOPEMBI 1 .

Buwisodw

B pabore nokazamno, 9TO MaTEMATUYECKUE MOJEN WHTErPAJIHHBIX TIOBEPXHOCTEH
pa3mMepHOCTH 4 KJIaCCHIeCKOTO TAMUJIBTOHOBA MMOTOKA — C OHOM CTOPOHBI, U ACUMTI-
TOTUYECKUX pernennii ypapuenus llpeaunrepa — ¢ Apyroii, MOryT OBITH B HEKOTO-
POM CMBICSIE OTOXKIECTBICHBI. TOUHEee UMeeTcss B BUIY CJeLyTOIee.

1. /s xmaccmaeckKoro oObeKTa raMuIbTOHOBOH MexaHuku — auddepeHnnaib-
HOM (DOPMBI dHEPrUU-UMIyabca A = pdx — Hdl MBI OTMeUYaeM, 9TO KJIACC BHEIII-
mero muddepenimana 31oit Gopmbl He mpeBocXoauT N HA MPOW3BOJBHON WHTE-
rpanbHOll moBepxHOCTH pasdmeproctTd N + 1. Orcooga ciemayer, 94ro Jjs caydas
N = 3 npousBOJBHON WHTErPAJHHON MOBEPXHOCTH PA3MEPHOCTH YEThIPE B Pac-
umrpennom dasosom npocrpancrse R’ dbopma d\ pasioxuma. s He3aMKHYTOM
GOPMBI A 3TO 03HAYAET BO3MOYKHOCTH €€ TPE/ICTABICHNS Ha TON MOBEPXHOCTU B
Buze A = dS — mdn ¢ HeKOTOpbIMU BYHKIUAME S, M U N. ITa TPOHKA CKATIPHBIX
GbyHKIMIT HA3BIBAETCH KBA3UIIOTEHITNAIOM (hOPMbI SHEPTUH-UMITYJIbca A. B ciaydae,

2
korma dopma A = vdr — | U(z,t) + 1,2> dt xBazwmorennan S, m u n yIOBIETBO-

psIeT CECTeMe YpaBHEHU, SKBUBAJEHTHOW CHCTEME YPABHEHUH Dilepa maea bHON
JKUJIKOCTH, U j1aeT npezcrasienue Kiebira pemenuit cucrembr ditiepa ( IIpeaJio-
>KeHue B pazzene 1 ).

2. JTsisi mOCTPOEHMsT ACKMIITOTHKHU B KAYECTBE UCXOTHOIO KBAHTOBOIO O0HEKTA MPEe/I-
Jlaraercsa MCrnosab3oBarh ypasuenne IlIpémuurepa mis BosHOBONM (DYHKIUHA 1) CO
sHauernamu B L2(R) — rums6epToBoM TTPOCTpancTBe. DTO TIO3BOIAET OMpeIe uTh
HETPUBHUAJIBHOE YHUTAPHOE JeiicTBre rpynnbl LeiizeHbepra B 3TOM TPOCTPAHCTBE U
HCIIOJIb30BATh €r0 I TIOCTPOEHNWS ACUMIITOTUYECKUX pernennii ypapuenus: [Ipé-
nuurepa. [Ipemoxken an3aly st ACHMITOTHYECKOTO pernenus ypapaenust [11pémun-
repa. dra KOHCTPYKIHs 000DIIAET MIUPOKO MCIOJIb3yeMOe KBA3UKJIIACCHIECKOE MIPU-
6amzkenne. Popma o6obmenus ¢[e|(x,y, z,t) npuBeseHa B HaYATe pasnena 3 .

3. Joxkaszano (IIpeaiioxkenue 1), 94T0 NEpBbIe TPU YCIOBUS CYIIECTBOBAHUS ACUMII-
TOTHYeCKOro perenus ypasaennst IlIpenunrepa suna ¢e](x,y, z,t) coBnagaor ¢
COOTBETCTBYIOIIMMY YPABHEHUSIMU CHCTEMbI JIJIsi KBA3UIIOTEHIIUATIA, & CJICICTBUEM
MTOCTIETHEr0 YCJIOBHUS sIBJSIETCS ypaBHeHue Hepa3pbiBHOCTH. Teopema 1 o006Imaer
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9TO yTBepIKIeHue Ha crydail sapncumoctn U = P([¢]?) musa norennuana B ypasme-
uuu [[Ipegunarepa. Acumnrorundeckas TPOUKa S, M U 1 B 9TOM CJIy9Iae OMUCHIBAIOT
BHUXPEBBIE TEYEHUs Jjisi DAPOTPOIHBIX MPOIECCOB. 3aMETHM, YTO B YACTHOM CJIy9ae
3TO OTHOCHUTCA K ypaBHenuio I'pocca—IIutaerckoro. B mpemioxennn 2 u CIeICTBUAX
YKa3aHBI CIIOCOGHI TIOBBITIIEHNST TOYHOCTH ACHMIITOTHKE 10 CTeneHeil & = v/ Bbirme
BTOPOIA.
4. 3aMeruM, 9TO U3 MPUBEJEHHOTO AHAIU3A CJIEIyeT MPUHIUIHATHLHAS BO3MOXK-
HOCTb IIOCTPOEHMSI <«HEMOJIHOMY» acuMuToTuku pernenuit ypasuenus LlIpeaunrepa.
Wwmeercss BBULY, 9TO MOXKHO Haiitu S, m, n u p = |z/1|2, TO €CTh HAfTU ACHMITO-
THYECKHe d1eMeHThl rpynnbl [eit3enbepra, AeficTBYIONNEe HA HAYAIBHYO0 BOJTHOBYIO
bYHKIMIO, U MOIYJIb 3TON (DYHKIWN, HE HAXOAS CAMOi (DYHKIUH. DTO MOKHO Cle-
JIaTh, HAlAd CHAYAIA PEIeHne CUCTEMbl yPaBHEHU Ditaepa

v+ VU(z,y,z,t) =0;

pe + div(pv) = 0.
(U(z,y,2,t) = P(p) anst 6apOTPOMHBIX IIPOLECCOB).

IToce sToro moxuo Haiitu S u m, n u3 ycaosus d\ = dS — mdn. B kagectse
aJIbTEPHATUBBI MOYKHO UCKATH S, M U N U3 p YPABHEHUN jId KBA3UIOTEHITHAIA.

Takum 0Opa3oM eciu TOUCK ACHMITOTAYECKOTO PEIeHUs JINHEHHOTO YPABHEHNU T
Ipéaunrepa oCymnecTBAATD MOITAIIHO, TO HA MEPBOM JTalle — IIOUCKA KBA3UIIOTEH-
uaga — HPUJIETCH PeIlaTh HeJIMHEHHYIO 3324y, HA BTOPOM — HAXOXK/IEHUE
u(z,y, z,t) u p(z,y, z,t) B 0603HAUEHUSX PAOOTHI — YPABHEHUS JIMHENHHDI.

Ilonck acMMTITOTHYECKOTO perienus HeJanHeinoro ypasHenust I'pocca—IInTaenc-
KOT'0 TO2KE MOYKHO PA30UTh HA IBA TAIMA: HA IEPBOM JTAlle — ITONCKA KBA3UIIOTEHIIN-
ajla U IUIOTHOCTH p — HeJIMHeliHas 33/a4a, U Haxoxaenue u(x, y, z,t) — JuHeiHasd.

Brarogapio mpodeccopa B. I'. JlybpoBckoro 3a obcyxKaeHue pe3yabTaroB pabdo-
TBI.
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