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3aZlaya 0 BO3MOXXHOCTH NpeJCTaBJEHUS NMOJUHOMA 33/laHHOW CTelleHU B BUJie KOMIIO3U-
LJM{ [OJIMHOMOB MEHBUIUX CTeleHel sIBJISeTCS KIacCUYeCKOW U HUCIOJIb3YeTCsl B MPUIOKEHHUSX,
HanpuMep, B WIMppoBaHUM UHOpMALUU. B HacTosilee BpeMsi U3BECTHBI HEKOTOpbIe pa3pabo-
TaHHble MalllMHHbIE AJTOPUTMBbI EKOMIIO3UI[MUA OJTUHOMOB [1, 2]. YcTaHOB/NeHUe daKTa HaIU-
YHs KaKOU-JIM60 KOMIO3ULMU y MOJMHOMA CaMo No cebe sABJseTCA TPYAHOW 3ajilauel], 103TOMy
NPaKTUYECKYI0 LeHHOCTb NPEACTaBJSI0T aHaJIUTUYECKHe YCI0BUS CBSI3UW MeXAy KoadpouLueH-
TaMW NOJIMHOMA, NPU BBINOJHEHUU KOTOPBIX NMOJHMHOM HMeEET 33JlaHHYH KOMIIO3ULMOHHYIO
CTpyKTypy. [lonyyeHne Takux ycaoBUM TpebOyeT 60JIbLUIOTO YUCIa NPE0OPa30BaHUN B CHMBOJIb-
HOM BHU/JIE€ U He NMOAJAETCS PyYHBbIM BbIYHCJIEHUAM yKe [/ IOJIMHOMOB OTHOCUTEJIBHO HEBBICO-
KUX CTelleHel, HallpuMep, BOCbMOW. CUTyanus cylecTBeHHO u3MeHuIack B XXI Beke ¢ pa3BUTH-
€M CHCTeM KOMIIbIOTepHOM MaTeMaTUKU. Tak, HanpuMep, 10.B. Tpy6HukoBbiM u B.B. KOpresacom
MOJIy4Y€eHbI SIBHbIE YCA0BUS HaJIUUUA KOMIO3UIUU TOJIMHOMOB 11eCTOH cTemneHHu [3].

Llesib paboThl — NOJYYUTh HEOOXOJUMbIE U JOCTATOYHbIE YCJAOBHUS, NPU KOTOPBIX MOJIHU-
HOM JIBEHa/||aTOH CTelleHU NpeJCTaBUM B BU/Jie KOMIIO3WLIUM NTOJIMHOMOB YeTBEPTOU U TPETh-
el creneHel. HacTosinee mccieioBaHue SIBJISIETCS eCTECTBEHHbBIM NMPOA0/DKeHHEM paboT [4] u [5].

MaTepuan u MmeToAabl. MaTepuaioM HUcCaeJ0BaHUSA SABJSIOTCSA ajJredbpanieckKue NoJaUHO-
MbI KOMIIJIEKCHOT'0 apryMeHTa ABeHa/|LaTON CTelNeHH, SIBJISIOLIMecs: KOMIIO3UIIMel TOJIMHOMOB
MEeHBLINX cTeneHed. MeTo/ bl HCC/IeJ0BaHUSI — METO/Abl alrebpbl C UCHOIb30BAHUEM CUCTEMbI
KOMIIbIOTepHOU MaTeMaTuku Maple 2023.

Pe3ybTaThl U MX 06CyXKAeHUe. /loka3zaHbl TeOpeMbl CAeyOLIEro BUAA.

Teopema 1. /1151 mozo, umo6bl noauHOM deeHadyamotl cmeneHu
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napamemp b, ocmaemcs c60600HbIM.
Yno6Ho BbI6UpaTh b =0. 3aMeTHM, YTO BbINOJIHEHHSA YCIOBUN TeOpeMbl AOCTATOYHO e

pPa3peluMOCTH UCXOAHOTO IOJIMHOMA [IBEHAALIATON CTENEeHU B paJiuKaiax.

HccnedosaHue 8binoiHeHO npu guHaHcosoll noddepiicke Besnopycckozo pecnybaukaHcko2o
¢oHda pyHdameHmarbHbIX uccaedosaHull (dozoeop Ne ®23M-003).

3aksoueHue. Takum 06pa3oM, B paboTe MoJiydeHbl HEO6X0AMMbIE U JIOCTATOYHbIE YCJI0-
BUS NPEACTABMMOCTH NMPOU3BOJBHOrO MOJUHOMA JBEHAALATON CTEIEHH KOMILJIEKCHOTO apry-
MEeHTa B BHJle KOMIIO3ULUU NOJMHOMOB YETBEPTON M TpeThbed cTeneHeil. Takke MOJy4YeHBI
bopMyJibl psMoro nepexoja OT Ko3$PUIMEHTOB MCXOJHOI0 MOJHHOMA K Ko3ddUuieHTaM
MOJIMHOMOB, COCTaBJISIIOLIUX KOMIIO3ULHIO.
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In paper [1] we found the matrix representation and full group of isometries the homoge-
neous manifold of the special three-dimensional non-unimodular Lie group Ss; equipped with
left-invariant Riemannian metric. The purpose of this paper is to find a matrix representation of
this group of isometries and to study the structure of this group.

Material and methods. We consider the special non-unimodular three-dimensional Lie
group Sz, equipped with left-invariant Rimannian metrics, and the full group of isometries of the
resulting homogeneous manifold. We use methods of algebra and differential geometry.

Results and its discussion. In paper [1] we found the matrix representations of Lie
group Sz and its Lie algebra $;. These representations helped us to introduce the natural co-
ordinates in S; and $;. Then we found the canonical form of the left-invariant metric tensor in
the natural coordinates, and we found the full group of isometries of the resulting homogeneous
manifold. This group is four-dimensional, not connected, and with respect to the natural coordi-
nates it acts according to the formulas

Xl' =X1+ h1,

X, = (xocosat—xssinat)e™ + hy, (1)
X3 = (Xzsinat + xscosat)e™ + hs,

Xl, =X1+ hl,

X5 = (X2sinat + xscosat)e™ + hy, (2)

X3 = (X2c0sat —xssinat)e™ + hs,

where H(hy, hy, h3) is an arbitrary element of the Lie group Ss, teR, a=0.

We will call the transformations, which act by these formulas the isometries of the first
and of the second kind respectively. Only the transformations of the first kind form the group,
and we denote this group as le(Ss).

If we consider the implementation of the Lie group Sz in the form of column vectors with
components (X1, 1, Xz, X3, 1), then the action of transformations from l¢(Ss) can be represented as
a matrix

1 h 0 0 0

0 1 0 0 0
[T]=| 0 0 eMcosat —eMsinat hy | . (3)

0 0 e"sinat eMcosat hs

0 0 0 1

Let us assign coordinates (t, hi, hy, hs) to such transformation. The coordinate t is cyclic:

2
coordinates (t, hy, hp, h3) and (t +;n, h1, hy, hs) define the same point. Suppose, that we have two

transformations with coordinates (ti, h1, h, hs) and (t2, g1, g2, 93). Then, by multiplying the corre-
sponding matrices, we find that the group operation in 1¢(S3) is given by the formulas
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