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[To1o0ust M U30METPUU OAHOPOJHOTO MHOTO0Opa3us
rpynnsl ['elizeHOepra, cHaO)KeHHON JICBOMHBAPHAHTHOM
JIOPEHLIEBOM METPUKOM
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Paccmampusaemces 00Hopoonoe muocoobpasue epynnol I etizenbepea, cHabiceHHOl 1e60UHBAPUAHMHOL TopeHyeoti mempukou. Cama epyn-
na [leiizenbepea delicmeyem Ha 3MOM MHO2000pA3UU C NOMOWbIO TIEBbIX COBU208 KAK SPYNNA OBUNMCEHUTI — NPOCMO U MpaH3umueHo. I1pouseons-
Hoe nododue u OsudceHUue OAHHO20 MHO2000PA3USL MOJMCHO NPEOCmAasumy 6 8ude KOMHOUYUU 1e6020 cO8Uea U NPeodpa308aHus, OCMABIAIOWe20
HeNnoosUNCHOU eOunuyy pynnsl. B pabome Hatioenvl opmynvl, no KOMOPbIM Oeticmayiom nododuUst u O8UNCEHUS, OCMABTAIOWUE HEROOBUINCHOU
€OUHUYY SPYNNbL, HO He YMBEPHCOAemcs, Yo NPUeeoeHHblll CRUCOK A6NAemCs uciepnulsaowum. B ciyuae, koeoa 00HoMepHbiil yenmp anee6pul
JIu epynnei Ietisenbepea sgiaemcs u30MponHbIM, paccmampusaemoe MHoO2000pasue oonyckaem 0OHONAPAMEMPUYECKYIO SPYRNY 20MOmemul,
0CMABTAIOULYIO HENOOBUIICHOU eOUHULY 2PYNNbL.

Knrwoueevie cnosa: epynna I etisenbepea, noooous u usomempuu.

Homothetic and isometric transformations
of homogeneous manifold of the Heisenberg group
upplied with left-invariant .orenzian metrics

M.N. Podoksenov
Educational establishment «Vitebsk State University named after P.M. Masherovy

We consider the homogeneous manifold of the Heisenberg group with left-invariant Lorenzian metrics. The Heisenberg group itself acts on
this manifold simply and transitively by means of left shifts, as‘an isometric group. An arbitrary motion or homothetic transformation of the given
manifold could be represented as a composition of left shift and transformation, that leaves the identity of the group immovable. The formulas
describing the action of motions and homothetic transformations are found in the paper, but it isn’t claimed, that the adduced list is exhaustive.
The examined manifold admits a one-parameter homothety group, which leaves the identity of the group immovable, in the case, when the center
of the Heisenberg Lie algebra is isotropic.
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pymma Jlu G, cHabxeHHas TeBOMHBApHAHT-

HOM METPHUKOU {, MpeNcTaBisieT coboi oJ-
HopoHOe MHOTO0Opasue (G, ¢), Ha KOTOpOM cama
rpymmna Jlu G neiicTByer kKak rpyrma JIBUKEHUH —
MPOCTO ¥ TPAH3UTUBHO. B CBS3M ¢ 3TMM BO3ZHHKAeT
BOIIPOC: CYIIECTBYIOT JIM JIPYTUE JBUKEHUS MHO-
roobpasus (G, ), He Bxomsamue B G? Msl mocra-
BUM 0Oosiee oOmIMKA BOOPOC: JOMYCKAET JU MHOTO-
obpasue (G, g) mpeobpaszoBaHusi MOAO0HS — U pac-
CMOTPHUM €r0 JUIsl cilydas TPEXMEPHOH CBSI3HOM
OJTHOCBSI3HOW HWJIBIIOTEHTHOH Tpynmsl Jlu, cHab-
JKEHHOM JI€BOMHBAPUAHTHOW PUMAHOBOW WM JIO-
pPEHIIEBON METPUKOM.

IIpeobpazosanue f: M —>M pumanoBa wiam Jo-
penneBa muoroo6pasust (M, g) Has3bIBaeTcs 1MOI0-
ouem, ecmn f'g=e g, T.e. Gip((F)pX, (f.)Y) =
= egy(X,Y), peR, s TOGBIX KacaTeTbHBIX BEK-
topoB X,YeT;M. B uactHoctH, npu pu=0 nomobue
OyIeT NBMKCHUEM.

Iycts f: G—> G — momobre 0JHOPOJHOTO MPO-
crpanctsa (G, g) rpymmst JIu, u f(e)=ac G, rne e —
enunuia rpymmsl. Torga f MokHO mpeacTaBUTh B
BUJIC KOMITO3MIIMK TpeoOpa3oBanusi h, ocTaBIisito-
IIer0 €MHUIYy € Ha MecTe, W JIeBOro casura L,:
f=Lseh. Torma h Toxe Oyner momobuem. I[TosTomy
MOCTaBJICHHAs 3aJla4a CBOJIUTCS K TIOUCKY IIOJIO-
Ouii, KOTOpPBIC OCTABJISIOT HEMOABMKHOW €IUHUILY
rpynimsl Jlu.

CBs13HBIC OJTHOCBSI3HEIE TPYIIIHI JIu MOTYT OBITH
KJIACCU(PUIIMPOBAHbI B COOTBETCTBUU C UX ajreo-
pamu JIu. ABTOPY M3BECTHBI ABE KIaCCUPUKAINH
TpexMepHbIx anredp JIu: mo tumam buanku [1] n
KJIacCU(HKaIKs, U3JIoKeHHas B padore JIx. Mui-
Hopa [2]. CoriacHo 3TUM KilacCH(DUKAIUIM CYIIe-
CTBYET C TOYHOCTBIO /10 U30MOpP(]H3Ma TOIBKO OA-
Ha TpeXMepHas CBs3HAs OJHOCBSI3HAS KOMMYTa-
tuBHast rpymma JIn. dto R® ¢ 06bHOil oneparmeii
CJIOXEHHS BEKTOPOB. Bompoc o MBUXKEHHSIX U TMO-
IOOUSX TAHHOTO TIPOCTPAHCTBA XOPOIIIO U3yUeH.
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CymiecTByeT € TOYHOCTBIO 10 H30MOpdH3Ma
TOJIBKO OJIHA TPEeXMEpHasl CBSA3HAs OIHOCBS3HAS
HWIBIIOTeHTHAs Tpymma Jlu. Oto rpynma ['eit3en-
oepra Hs. OHa cocTOUT U3 MaTpHUIl BUAa

1y y
Yy=[0 1y
001

c O0ObIYHOM omepauueidl yMHOXEHHS MAaTpHL.
Anrebpa Jlu Hs 3TOM TPyMITbI COCTOUT W3 MaTPHIL
BHJA
0 x* x!
X={0 0 x|
000

Ecin Ha rpymme Hs 3amate kapry ¢:Hs— R
MPUITUCHIBAIOIYI0 ~ MaTpuile Y  KOOPJIHHATHI
(' v% v®), a Ha amrebpe JIu s 3amath Kapry
y: Hs— R®, npunmceBarontyio Matpuue X KOOp-
JIMHATHI (Xl, X2, X3), TO 3alKCh OTOOpaKeHUH
exp: Hs — #s u exp ' Hs— HS B 9TuxX kaprax Bbl-
TIISIAT TaK:

yi = x; +X°%°12, x; = y; ~yy32,
Yy =x, X =y?, )
y3 — X3. X3= y3.

Ot GhopMyIbl OKa3bIBAIOT, uTO rpymmna Jiu HS sB-
JISIETCSI AKCIIOHEHITHATbHON. Omeparsi yMHOKCHHS
B IPYTIIIE UMEET CIIEIYIONIYIO 3allUCh B KapTe -

(al, aZ’ a3)‘(bl, b2’ b3) -
= (a'+b'+a’h’, a’+ b’ a’+ b). (2)

B anre6pe JIu Hs MokHO BBIOpaTh 0a3uc
{Ell EZ! Eg}, rae

001 0-10 000
E,=|0 0 0|, E,=|0 0.0],E,=|0 0 1|
000 0.0 0 000

Tornma omneparust CKOOKH OyIeT 3a1aBaThCs OJTHUM
PaBEHCTBOM

[Ez, Es] = Ej, (3)

a OCTAJIbHBIC NPOU3BECACHNA PaBHBI HYJICBOMY BCK-
topy. OpmHOMepHOe momnpocTpancTBo Z=RE;
MPEACTABISIET COOOHU TIEHTp anreOpst JIu Hs.

IMycte Tenieps {E;, Ey, E3} — mpousBosbHbIi Oa-
3HC, B KOTOPOM OTIepanusi CKOOKH 3a/1aeTCs OJJHUM
paBernctBoM (3). Ha anrebpe JIu #s 3amaaum ecre-
CTBEHHYIO KapTy \:%s— R® mpunmchbiBaomnyio
BekTopy X = X:Ei+ XoEp+ X3E; koopmumHaTHI

(X1, X2, X3). Ha Hs 3amagum kapty ¢: Hs — R?, pH-
MUCHIBAIOIIYI0 3NeMeHTaM eXpE;, expE,, expE;
koopaunarts (1,0, 0), (0,1, 0), (0,0, 1) cooTBeTcT-
BeHHO. Torma, kak yxe ormedeHo B [4], B BEIOpaH-
HBIX KapTax 0TOOpaKeHus exp: Hs —» #Hs
u exp ' Hs— Hs GyayT 3amaBaThCs paBEeHCTBAMU
(1), a rpynmoBoe ymMHOXKeHHE — popmynamu (2).

JleBonHBapmanTHas MeTpuka Ha rpymme Jln HS
WHIYLHpPYET CKaspPHOE NPOU3BECHNE B €€ anreo-
pe JIu #Hs, u Ha000POT, CKANIPHOE MTPOU3BEICHIE B
F{s OAHO3HAYHO OIPEaeNsieT ~JICBOMHBAPUAHTHYIO
MeTpuKy Ha HS. KaHoHMUYeCKHil BUI MaTpHIbl CKa-
JISIPHOT'O TIPOU3BE/ICHUS 3aBUCHT OT TOTO, SIBISICTCS
M ueHTp Z anrebpsl JIu $Hs BpeMEHHITOOOHBIM,
MPOCTPAHCTBCHHOMOAOOHBIM — WJIM  M30TPOITHBIM
(em. [3]).

ITo mpuynMHaM, YKa3aHHBIM BBIIIE, B CICIYIO-
el TeopeMe pedb UAST TOJIBKO O ABIKCHHAX H
MOIOOUAX, OCTABISIFOIINX HETOABIKHBIMH €TUHU-
my Tpymmel. K cokaneHwro, HaM HE W3BECTHBI
CCBUIKM Ha pe3yJibTaT: JI00oe MpeoOpa3oBaHUe
rpymmsl JIn, coxpansromnee ornepamnnio CKOOKHA BEK-
TOPHBIX . MTOJICH, TIEPEBOAUT JIEBOMHBAapUAHTHBIC
BEKTOPHBIE T0JIS1 B JICBOMHBAPUAHTHBIC BEKTOPHBIC
noJist. [lopToMy MBI BO3iep )KHMCS yTBEPKIATh, UTO
HPUBEAEHHBINA CITUCOK MOJ00UH U JBMXKCHUH SIBJIs-
€TCSI UCUEPITHIBAIOIIIAM.

Teopema. Ilycmo Ha epynne Jlu HS 3adana ne-
BOUHBAPUAHMHASL IOPEHYEBA MempPuKa g cucHamy-
poi (+,+,-).

1. Ilyemv yenmp Z ancebpuvr Jlu Hs signsemcs
epemenunodobnvim. Toeda 00HOpoOHOE — npo-
cmpancmeo (HS, Q) donyckaem Osuoicenust, komo-
pole 8 nooxoosaweti kapme Ha epynne Jlu HS 3ada-
IOMcst OOHOU U3 popmyIn:

(yt=y - yAyPsinfa+

J () sinz,
y'?=y*cosa—y*sina,
Ly?=y®sina+y*cosa, acR;

(4.1)

e yrlz_yl+y2y3‘CO82a+
1 .
+2((y)*=(y?)?)sin2a,
y?= y*cosa+y>sina,
Cy?=—y?sina + y*cosa, aecR.

I\

4.2)

2. Ilycmov yenmp Z ancebpur Jlu Hs sensemcs
nPOCMPAHCMBEHHON0000HbIM. T020a 00HOPOOHOE
npocmpancmso (HS, g) donyckaem osudicenusi, xo-
mopule 8 nooxodsiuel kapme na epynne Jlu Hs 3a-
oaiomcst 00HOU U3 hopmyn.
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yr=yteyAyRsh?t
1
—2((Y)+ (y*)))sh2t,

) ) ) (5.1)
y'“=+x(y"cht—y’sht),
y'3:i(—y2-sht+y3-cht), teR;

yt=-yloyytsht+

1., o0 32
+= + h2t
P RICRPEC S,

y?=+(y*cht—y>sht),
y3=+(y*sht—y*cht), teR.

3. Ilycmv yenmp Z ancebpwr Jlu Hs sensemcs
npoOCMpaHcmeeHHono0oouvim. Toeda 00HOPOOHOE
npocmpancmeo (HS, Q) oonyckaem npeobpazoea-
HUsL n0000UsL, KOMopbvle 8 NOOX0Osel Kapme Ha
epynne Jlu HS 3a0aromes oonou uz gpopmyn:

yi=e™ys,
yézieZVtyZ!
ys=+e"ys;

(6.1)

—_ 3vt
yi=—¢e"y,
yé = i e2vty2,

—_— t
y;=%€" Y.

(6.2)

v=const, te R. Ilpeobpaszosanus (6.1) obpazyrom
00HONAPAMEMPUHECKYIO NOOSPYRNY.

HoxasartenbctBo. Ilycth A G— G — -
HelfHoe mpeoOpa3oBaHue, KOTOPOE SIBISIETCS aBTO-
MopduszmoM anredps! JIn u ee romorerueit. [pen-
HOJIOKUM, YTO IPYIIOBas 3KCIOHEHTa eXP: G —> G
sBisieTcss romeoMopdusmom. PaccmoTpum npeos-
pasoBanme h = expoAcexp G —>G u mokaxem,
YTO OHO SIBJISIETCS MTOJJO0HEM.

Mycts B = {€1,..., €.} — 6a3uC B. G, e = AGL,...,

e = Ag,. Torma @' = {3{,..., €.} — Toxe Gaswc,
TIPU 3TOM CTPYKTYPHbIE KOHCTaHThI anreOps JIu B
3THX 0a3ucax COBIAIAOT: Cj'kz C’J—'k. Kaxnprit 3 Oa-
3HCOB ONpeeNser CHETeMy KoopauHaT: (X,..., X")
u (x',..., x'")..C moMouisko KapTsi exp : G — G MBI
MoxeM repeHectd ux Ha G. Torma 3ammck oTo-
GpakeHmst h B ATHX KoopamHaTax Oymer X' '= X,...,
X'"= X", 3amenp N1EBOTO CIBUra B 3TUX KOOPAMHATAX
OJIMHAKOBA, & KOI(P(PUIIMEHTHI METPUYECKOTO TEH-
30pa B equnuLe rpynnsl (Qije 1 (9ij)e oTaMUaroTCs
JHIb MHOXKHUTEEM. [109TOMy pe3ysbTar ux pasHe-
CEHUsI 110 TPYIIIE C MOMOIIBIO JICBOTO CIIBHIA TOXKE
OyIeT OTIaMYaThCs JHUIIb MHOXKHTeNeM. [TocKonbKy
s kaxgoro aeG muddepennman (h,), 3amaercs
SOMHUYHONW  MaTpuilel, TO  IpeoOpa3oBaHUE
h: G — G Oyner nomobuem.

VTOUHSIS 3TO pacCyXICHHE CIIEAYeT 3aMETUTh,
4T H1eMenthl a(X',. .., X") (B IepBoii CHCTEME KO-
opaunat) u b(x',..., X") (Bo BTOpoii cucTeMe KOOp-
JIUHAT) MOTYT OBITh Pa3HBIMH, HO IPE0Opa3oBaHUs
L, u L, meiicTBYyIOT B COOTBETCTBYIOIIEH CcHCTEME
KOOPJIMHAT TIO0 OJMHAKOBBIM (POpMyJiam, T.K. COB-
NajgaloT CTPYKTYPHBIC KOHCTaHThI anreOpsl Jlu
B 3TUX 0a3ucax.

Ilycte Ha rpymme Jlu HS 3amanHa nmeBowmHBapu-
aHTHAs JIOPEHIIeBa MEeTpUKa § curHaTyps! (+,+,-),
Mpu KOTOpo# 1eHTp Z anreOpsl Jlu Hs sBisercs
BpeMeHHUIION00HBIM. B pabote [3] mokazaHo, 4TO
MaTpHUIa CKAISIPHOTO MPOM3BEICHUS B Hs C IOMO-
b0 aBTOMOP(HU3MOB alre0pbl MOKET OBITH MPH-
BEJICHA K BHILY

e 040
@i)e=[0 vi 0 0, vi=+1, v,=1.
00 V1,

PaccmarprBaeMOMy Cly4ar0 COOTBETCTBYIOT 3Ha-
yenns €<0, v;=v,=1. Jlrobo#t aBTOMOphU3M ai-
reOpsl JIM F{s MOIKEH OCTaBIIATH WHBAPHUAHTHBIM
neHTp Z. Pa3oObeMm 3TH aBTOMOp(dH3MBI Ha IBa
THOA:

1) aBTOMOP(U3MBI, KOTOPBIE COXPAHSIOT Ha-
MIpaBIICHUE IIEHTPA;

2) aBTOMOpP(HU3MBI, KOTOPbIE MEHSIOT HaIIpaB-
JIeHHe 1IeHTpA.

[Ipenmonoxxum, uro momodue A: Hs—> Hs sBs-
eTcst aBToMoppu3MoM rnepBoro tuna. Toraa A Mo-
JKET OBITH TOJILKO KOMITO3HUIIMEH BpaIeHUs] BOKPYT
[EHTpa U TOMOTETHH, T.€ BCE Takue Mpeodpa3oBa-
HUs A! Hs—> Hs onuchIBatOTCs GopMysIaMu

El = eH E]_,
E, =e"(E,-cosa+Ezsina), (7)
E; = e"(— Exsina+Ez-cosa).

Haxoanm, 9To
[E,, E;] = e*cos’a[E,, E,] — e*'sina[Es E,] =
= e?(cos’a +sin“a)[E,, E,] = e™'E; = " E,.

3Hauut, A:Hs— Hs SBISETCS aBTOMOPHU3MOM,
Tosibko B ciydae pu=0. [Toaromy anredpa Jlu #s c
€BKJIMJIOBBIM CKaJIIPHBIM IPOU3BEICHUEM JOITYC-
KaeT aBTOMOP(HU3MBbI, KOTOPHIC SBJSIOTCS JBHIKE-
HUSIMHU, HO HE JIONyCKaeT aBTOMOP(U3MOB, KOTO-
pbI€ ABJSIOTCS TOA00USIMHU.

Cormacuo [4] pumaHOBa JI€BOMHBapHaHTHAS
MeTpuKa Ha rpymme HS 3agaercs Tak:

e 0 —gy
0 1 O

(9i(y)) =
-y’ 0 1+g(y?)?.
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Iycte A,: Hs—> Hs 3amaercs dopmysitamu (7) npu
1=0. Torga xoopauHATHI B Hs MPeoOpa3yoTcs 1O
MPaBUITY

Xt =x',

X"?=x*cosa—x>sin a,

x3=x%sino+x>cos o

Hcnonb3ys (1) Haxomum, 9To
h, =expeAgoexp ' Hs — Hs

netictByet o Qopmynam (4.1). Marpuiia audde-
peHImana 3toro otoopaxenus J,(y) B IPOU3BOIb-
HOM Touke 1 oOpaTHas k Hell matpuna l,(y) umeror
BUJ
2 3
1 —ya'sin2a+);—sin2a —yz'sinzoc+y§sin2a
JdY)=| g

CoS o —sina
0 sina coso. /'
1 0 0
l(y) =|-Y>sino coso —sina
y>sina  sina cosa/.

HeHOCpe,Z[CTBeHHBIM BBIYHCIICHUECM HAaXOJUM, 9TO

L' ()@ 1a(y) =
€ 0 —&(y*coso—y>sinol)
= 0 1 0
—g(y*cosa—y>sina) 0 1+e(y*cosa—ysino)’/s

U sta MaTpuIa, O4EBUIHO, COBMANACT € MaTpUIlCH
(gij(y")). 3maumr, mnpeobpasoanue h,:Hs— Hs,
KOoTOpoe neiicTByer 1o ¢dopmynam (4), newcTu-
TEJILHO SBJISIETCS IBMYKEHUEM Jyisi Jitoboro o€ R. B
YKCI0 TaKWX MpeoOpa3oBaHMii BXOIUT TaKKe H
npeoOpa3oBaHue S;, KOTOPOE OMpeAessieTcs: clie-
JYIOIIUM aBTOMOP(GU3MOM anreopsl JIu Hs:

E =Ey
E=-E. (a=n). (8.1)
E=-E

O603Ha4UM 3TOT aBTOMOPGU3M S;. 3aMeTUM, YTO
anrebpa JIn #Hs nonyckaet emie aBToMOpU3MBL Sy
U S3, KOTOpKIE JICHCTBYIOT 10 (hopMyiaMm

E1=7E11 E1:7E11
E,=Ex u (E=-E, (8.2)
E3 = *Eg E3 = E3.

U OHH TOXC ABJIAIOTCA IBUKXCHUAMMH. HpI/I 9TOM

OUEBUIHO, UTO S3 = S05;. JItoOoii aBTOMOphU3M
BTOPOTO THIIA, SIBJISIOLIUICS IOA00MEM, MOKHO

NpPEACTaBUTh B BHAE KOMIo3uimu Syo(e"A,). Tak

JKC, KaKk U IJid NepBOro TwuIa, y6C)KI[aCMCﬂ, 4qTo

n=0. O6o3naunm B, = Sy0A,. Torma sTo npeobpa-
30BaHHE JCHCTBYET MO (GOpMysIam

Elszl,
E,=Eycosa+Ejssina, 9
E;=E,sina—E;z-cos a.

(B wactHOCTH, IpH OL=T MbI moTydaeM S3). CooT-
BETCTBYIOIIEe mpeobpasoBanue b, HS — Hs rpym-
el JIu 3amaetcsa popmynamu (4.1).

3ameTM, uTo AyeS;= SyoA . Tloaromy dhopmy-
ab1 (4.1) oxBaThIBalOT M Cydail mpeoOpa3oBaHMit
rpymnmst JIu HS, coorBeTcTByromunx AgoS,.

Jlerko npoBepuTh, 4TO NpeodpazoBanus (7) npu
1=0 obpa3yroT ogHONMApaMEeTPHYECKYIO MOATPYII-
My, ¥ OTCI0/1Ia MO>KHO BBIBECTH, YTO IpeoOpa3zoBa-
Hust (4.1) Toxxe 00pa3yroT OIHONAPaMETPHUECKYIO
noxarpymimy. Kommnosumums qByx aBTOMOp(pHU3MOB BTO-
poro Tumna ‘anredpsl JIu HS siBnsiercst aBromopduzMom
nepsoro tuma. Ilostomy 3TH aBTOMOpPGHU3MBI MOI-
rpymmsl He o0pasytoT. CiemoBaTenbHO, | peodpaso-
BaHuA (9) He 00pa3yroT MOATPYIITEL B TPYIIE JBUKE-
HUIi OIHOpOAHOT O mpocTpaHcTsa (HS, g).

Ilyctp Ha rpymme Jlu HS 3amana nmeBowmHBapu-
aHTHas JIOpeHIeBa MeTpuka § curHatypsi (+,+,-),
HpyU KOTOpOH TeHTp Z anreOpwl JIu Hs sBrsieTcs
npoctparcTBeHHOonoOHIM. Torma [3] marpura
CKaJSIPHOTO MIPOM3BENEHHS B Hs C IOMOILBIO aBTO-
MOp(hHU3MOB anredpbl MOXKeT OBITH TPHUBEACHA K
BUAY

e 00
(Gi)e=|0 -1 0|, e>0.
001

[Ipenmonoxum, uro nogobue anredpsl Jlu Hs sB-
asieTcst aBToMopdu3MoM TiepBoro tuma. Toraa oHo
JIeHCTByeT 1o dpopmyaam

El =e! Elv

E, = e"(E,-cht + Ej-sht), (10.1)
E; = e"(E,sht + E5-cht);
nimn
El = e"l El,
E, =—e"(Echt + Ez-sht), (10.2)

E;=—e"(Exsht + E;-cht).
B mo00oM U3 3THX ciIydaeB HaXOIUM, 9TO
[E,, E;] = e*cht[E,, E;] — e*sht[E,, E,] =

= e?(ch’t—sh*)[E,, E,] = e*E,; = e"E,.
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MsI OmSATh MPHUXOJIUM K BBIBOJY, YTO paccMaTpu-
BaeMbIEe TPEOOPA3OBAHUS SBISIOTCS aBTOMOPQHU3-
MaMu ToJbKO B ciydae L=0. [Toatomy oHUM sBiS-
rorcs asmwxkeHusmu. O6o3naunm C; u D — nBmxe-
Hus anrebpsl JIu Hs, KoTopble 3agaroTcs popmyma-
mu (10.1) u (10.2) mpu pn=0. CoOTBETCTBYIOIIHE
npeoOpaszoBanust rpymmbl JIu ¢ u d; 3amarorcs
tdhopmynamu (5.1). 3HaK «+» COOTBETCTBYET ¢i, a
3HAK «—» COOTBETCTBYET (.

3ametum, uro aBromopdusmel (8.1) u (8.2) To-
e SBJISIOTCS JBUKCHUSAMU JJI PaccMaTpUBaeMOit
MeTpuku. ABTomopdmsm (8.1) yxe BXomamT BO
MHOXeCTBO npeodpaszoBanmii (10.2) mpu p=0, mo-
3TOMY S3 OyIeT BXOAWTH BO MHOXECTBO Ipeodpa-
30BaHuil DoS,. IIpeodpazoBanus CoS; u DS, neii-
CTBYIOT COOTBETCTBEHHO 1O (hopMyIam

El:_ et El,

E, =e"(Excht—Ej;-sht), (11.2)
E; = e"(Exsht—Ej-cht);

El =_g* El,

E, =e"(-Ex-cht+E3-sht), (11.2)

E; = e"(-Eysht+Ej-cht).

CootBercTByIOLIME NpeoOpa3zoBanusi rpynisl Jlu
Hs neiictByroT o dopmynam (5.2). Herpyano 3a-
METHUTE, 9TO0 Sy0C; = C_10S,, a SyoD; = D_;0S,. Tlo-
aromy Gopmyibl (5.2) 0OXBAaTBIBAIOT U CITy4al Mpe-
obpazoBanuii rpymnmsl Jlu HS, cooTBeTcTByrOmINX
npeobpazoBanusiM SyoCy 1 SyoDy.

[Iycts Ha rpynne Jlu Hs 3amana neBouHBapu-
aHTHAas JOPEHLEBa METPHKa J CUTHATYpPBI, PU KO-
TOpoH weHTp Z anredpwl Jlu Hs sBugercs u3o-
tponsbiM. Torma (cM. [3]) MaTpuia CKalaspHOTO
MPOMU3BEICHUS] B Hs ¢ TIOMOLIHIO aBTOMOP(HU3MOB
areOpbl MOXKET OBITH IIPUBEACHA K BHILY

010
(gij)e= 1 00 , >0,

00 ¢
Cosepmnm B anredpe JIu Hs 3ameny 6a3uca
V1=Ey, V,=—AEs, Va=E, A=¢ 2>0.

Torxa MaTpHLa CKAJIISIPHOTO POU3BEICHUS IPUMET

BHII
001
(9y).=|0 1 0},

1

00

(12)

a omneparus ckoOoku — Bup [V, V3] = AV,
B cootBerctBuu ¢ [5] moboe momobue mepBOro
THIIA 3aJ1a€TCsI OJTHOM 13 hopmyt

V1/ — e(u +V)tV1,

V) =+e'V,, (13.1)
Vy=+et vy

V]_/: e“tVl,

V=t e"(Vy +tV)), (13.2)

Vi=+e"((}2)Vy + tV, + V3).

W =const, v = const, te R. Haxomum, 4Tto B mep-
BOM CJIy4ae

[VZ/, VS/] - eute(L17V)t[V2, V3] - e(ZLlf\/)thl -
— A2p—Wt (L V)t — —2v)t
- e( Y] e (u+v) 7\‘\/1/_ e(Ll V) XVl'.

3naunt, npeobpasoBanue (13.1) OGymer aBTOMOp-
¢du3mom Tosbko npu (L—2v)t = 0. Ciyyaii t=0 co-
OTBETCTBYET TOXKAECTBEHHOMY MPeoOpa30BaHHIO.
3uauut, npu L=2v dopmyisl (13.1) 3amaror aBTo-
Mopdu3M anredpsl Jlu s, SBIAIOMIMICS TOMOTE-
THeit ¢ Kod(hduimenTom e,

s mpeobpazosanus (13.2) Haxoaum, 4To

[VS, V1= te®[V,, V,] = teAV, = te"AV/.
3uauut, Gopmysl (13.2) He 3amatoT aBTOMOPdHHU3-
Ma anreopst JIu #Hs, kpome ciryqas t=0.

Wrak, B ciaydae M30TPOIHOTO IIEHTpa anreopa
Jlu Hs nomyckaeT OJHOMAapaMETPUYECKYI0 IPYHITy

MoOOUW Uy, SIBJISIONIMXCSA aBTOMOP(HU3MaMu, KO-
TOpBIE NEHCTBYIOT IO hopMyIamMm

Vy=e¥Vy, Vy=e?'V,, Vi=e"V;, v=const, teR,

a TaKKe OHA JIOMYCKaeT MoJ00UsI-aBTOMOP(HU3MBI
Buga W; = UeS;= S;0U,, koTOpBIE BMecTe ¢ U; MOX-
HO 3aJ1aTh €IMHBIMUA (HOPMYJIaMHU
2
Vy=eMVy, Vi=+e?V,, Vy=te"V,,

v=const, teR. (14.1)

3amenum tenepb 6azuc {Vy, Vo, Va} Ha {Vy, g2\,
V3}. nst ynoOctBa 0003Ha4MM HOCIEAHUN Oa3uc
kak {E1, E», Es}. B aToM 6asunce omnepanus CKOOKH
nMeeT BU (3), MaTpUIia CKaJIIPHOTO TIPOU3BEIC-
HUS IMEET BUJI

001
(gij)EZOSO,
100

a npeoOpazoBanus (14.1) OyayT nelicTBOBATH 110
TaKuM ke popmynam:

E,=e™E;, E,=1e™'E,, E=+e"E;,
v=const, teR.

(15)

(14.2)

CootserctBytomue mnoaoous npocrpanctea (Hs, g)
neicteyror mo (opmynam (6.1). Ilpeobpa3zoranus,
KOTOPBIM COOTBETCTBYET 3HAK «1», 00pa3yloT of-

14



Becuix BAY. 2011. Ne 5(65)

HOTIapaMeTPUUECKYIO TPyMITy U ToA00uil mpocTpaH-
ctBa (Hs, g). HemocpemncTBeHHBIM BBIYHCIICHHEM
(coco0 BeMHMCIIEHUS CM. B [4]) HAXOIUM, UTO MET-
puyeckuii TeH30p Ha HS 3amaercst Matpuuei

00 1
@iy)) =0 & 0 | e>0. (15)
1 0 -2y

Martpuria, oopaTtHast k MaTpuiie SIkoou npeodpaso-
BaHU Uy

e73vt 0 0
I(y)=|0 ™0 |
0 0 e"
Torma
0 0 e™

L) @) ly)=|0 e® 0 |=
e ™ 0 -2e

00 1
:e—4vt 0 < O =e—4vt(gij(y/)).
10 -2(y3)

3Haunr, U;g=e *'g, T.e. mpeobpasoBaHus U, eiicT-

BUTCJIBHO SBJIAIOTCA HOI[O6I/I$IMI/I MMpoCTpaHCTBa

(Hs, 9) ¢ koaddummentom 2,

Jlroboe momobue-aBTOMOpPGU3M BTOPOTrO THIIA
anreOpsl JIu Hs s CKaJSIPHOTO TPOU3BEICHUS
(15) MOXHO TpENCTaBUTh B BUJAE KOMIIO3UIHU
UieS,=  SpoU; mmbo B BHAE  KOMIO3HUIUH
WioS,= S;oW;. CooTBercTByromnme moaooust mpo-
crpanctBa (Hs, g) 3anatorcs popmynamu (6.2).
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