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The purpose of this work: to talk about the development of electronic lecture notes on
the theory of groups and Lie algebras in English, intended for work with foreign students and
undergraduates. This electronic lecture notes is a part of the author's master's thesis.

Material and methods. The source material is the lectures of the supervisor on the the-
ory of groups and Lie algebras for undergraduates of the Faculty of Mathematics and Infor-
mation Technologies.

Findings and their discussion. For the successful work with master students studying
in English, it is necessary to have electronic lecture notes on the theory of groups and Lie al-
gebras. This abstract was developed based on the lectures of the scientific supervisor, as well
as based on an independent study of the classification of two-dimensional and three-
dimensional Lie algebras.

In the first part of the summary, we outlined the definition of Lie algebra, structure con-
stants, and isomorphism of Lie algebras. Examples of all two-dimensional Lie algebras and
their matrix representation are given. After this, examples of three-dimensional unimodular
Lie algebras are presented and a matrix representation of these Lie algebras is given. Next, we
give the definition of an exponential mapping for matrix Lie algebras. In the end two types of
classification of three-dimensional Lie algebras are given: according to Bianchi types and the
classification set out in the work of J. Milnor [1].

In the second part of the summary, we introduce the concepts of two-dimensional and
three-dimensional Minkowski space. The motions of these spaces are described. We give the
concept of a Gram matrix and the law of transformation of this matrix upon transition to a
new basis.

In the same chapter, we present the concept of autosimilarity and autoisometry of a Lie
algebra equipped with a Euclidean or Lorentz scalar product, and give examples. It is the self-
similarities of the Lie algebra that make it possible to construct essential one-parameter simi-
larity groups for homogeneous manifolds (G, g) of the corresponding Lie groups equipped
with left-invariant metrics. It is the autoisometries of Lie algebras, that make it possible to
construct for the same manifolds one-parameter isometry groups that leave the unit element of
the Lie group fixed.

This is important, because an arbitrary isometry or similarity h: G— G of a homogene-

ous space (G, g) is decomposed into a composition Laof, where f is an isometry or similarity

that leaves the unit element e G in place, and La is a left shift, ae G. In cases where there
exists exactly one such group of isometries up to a change of parameters, we can state that the
dimension of the complete group of isometries of the manifold (G, g) is one greater than the
dimension of the group G itself.

The drawing (Figure 1) shows the principle of constructing one-parameter groups of
similarities or isometries that leave the group unit invariant. Let Ft:G — G be one-parameter
group of autoisometries or autosimilarities of the Lie algebra G . Then we construct one-
parameter group of isometries or similarities f;:G— G of Lie group G according to the rule

fi=expoFroexp™: Gz — G3.
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This principle forms the basis for construct-
ing a complete group of isometries of a homogene-
ous Riemannian manifold of one special non-
unimodular three-dimensional Lie group equipped
with a left-invariant metric. This research also
forms a part of the master's thesis.

The electronic lecture notes conclude with a
review of previously obtained results on the study exp- exp
of isometry and similarity groups of three- and
four-dimensional homogeneous manifolds of Lie
groups.

Conclusion. We have developed electronic
lecture notes, which will be the first part of the
master's thesis and will be very useful to other mas- Fig. 1
ter's students when working on their theses.
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Pa3paboTka MOOMJIBHOTO HPUJIOKEHHUS-TIPOBOJHUKA (DAMJIOB aKTyaJbHO 10 HECKOJIBKUM
npuurHaM. MoOUJIbHbBIE YCTPOMCTBA CTaIM OCHOBHBIM CPEJICTBOM JUIsl padOThl U OpraHU3aluu
JlocyTra JUlsi MHOTUX JIFOAEH, M MPUIIOKEHUE-TIPOBOJHUK (hailIoB MOXKET OOJIErYnTh yIpaBlieHHE
¢aiinamu Ha MOOUIIBHOM YCTPOMCTBE, Jienasi ero 0osiee yJ00HBIM U 3((HEKTUBHBIM.

[TpunoxeHne-npoBOAHUK (PaliIOB MOXKET IMOMOYb MOJb30BATEISIM OpPraHU30BaTh U
YIPaBIsATh CBOMMH JIaHHBIMH, OCOOEHHO KOT/Ia Y HUX €CTh 0OJIbIIOe KOJIMYECTBO (DaiiioB win
NpUI0kKEeHUH. MHOTUE MOJIb30BaTeNId UCIONIB3YIOT 00JIaYHbIe CEPBHUCHI JUIsl XpaHEHHUs U 00-
MeHa ¢aiiaMy, U IPUIOKEHUEe-TIPOBOIHUK (aillIoB MOKET UHTETPUPOBATHCS C ITUMU CEPBU-
camH, obecrieurBast OECILIOBHBIN JOCTYH K ¢aiinam B obake.

BaxHno ormeTtuth, uto QaiinoBas cucteMa Android pa3BuBaercs ¢ KaxkJ0H HOBOM
Bepcuel omepanuoHHO# cuctembl. Hanpumep, HaunmHas ¢ Android 4.4, nns goctyna K
BHEIIHEMY XpaHUJUILY He TpeOyroTcsl paspemieHus. Bc€ Bhille onmmcaHHoe 00yCIIOBHIIO
1eJIb MCCIIeIOBAaHus: MporpaMMHas peanusanus QailiioBoro MeHemxepa st MOOMIBHOTO
ycrpoiictea ¢ OC Android.

Marepuan u meroabl. PazpaboTka ocymiecTBisigach A MOOUIBHOIO YCTPOMCTBA ¢
OC Android 7.0-14.0. ITpumenenue IDE Microsoft Visual Studio u si3eika C# st pazpaboT-
k1 Ha Gaze ¢peiimBopka .NET MAUI sBnsercs pe3ynbTaToM B3BELICHHOTO BbIOOpa, OCHO-
BAaHHOTO Ha PsJE KIIOUEBBIX XaPAaKTEPUCTUK, CIIOCOOCTBYIOMIMX (PPEKTUBHOMY CO3aHUIO
MYJIbTUIIIAT(HOPMEHHBIX MPUIOKEHUH. DTO oOecrednBaeT BO3MOXKHOCTb MOCTPOEHHS IMPH-
JIO’)KEHUH BOKPYT 00BEKTOB, 00bEINHSAA JaHHbIE U (YHKIIMH B €TUHBIE CTPYKTYPHI.

Pe3yabTaThl 1 uX 06cy:kaeHue. [IpoBOAHUK — 3TO MOOUIIBHOE NMPUIIOKEHHUE, CO3/1aH-
HOE JUIsl yIpaBiieHus (PaillioBOM CHCTEeMOW yCTpOiCTBa Ha 0a3e OmeparuoOHHON CHUCTEMBI, B
nanHoMm ciydae, OC Android. ®aiinoBast cuctema MpeacTaBisieT coO0il HepapXHUYECKYIO
CTPYKTYpPY XpaHEHUs JaHHBIX HAa YCTPONCTBE, KOTOpas OIpeneisieT, Kak ¢Gaiibl opraHu3oBa-
HBI U KaK K HUM MO>KHO TIOJyYUTh IOCTYII.
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