MHUHUCTEPCTBO OBPA3OBAHUSA PECITYBJIMKU BEJIAPYCH
BEJIOPYCCKHM I'OCYJAPCTBEHHBIN YHUBEPCUTET
MEXAHUKO-MATEMATHYECKUA ®AKYJIBTET
Kadenpa reomerpuun, T0noJ10ruu

U MCTOAUKH NPENnoJaBaHUuA MATCMATUKHU

HBUJINK
Aunekcanapa CepreeBHa

CTPYKTYPBI 30JI0TOI'O TUITA 1 UX OBOBIIIEHUA

Jlunimomuas pabota

HayuHslii pykoBOOUTEIb:
JOTIEHT, KaHAUAAT Pu3.-Mart.
Hayk B.B. banamenko

Jlomny1ien K 3ammure

« » _2025.

3aB. kadeapoit reoMeTpru, TOMOJIOTHN

Y METOJIMKH MPENoJaBaHUs MaTEMaTUKHU
JOTIeHT, Kauauaat gus.-mat. Hayk J[.D. basbiies

Mumnck, 2025



AHHOTAIIMS JUTIJIOMHOM PABOTbI

[Bunuk Anexcanapa CepreeBHa

CTPYKTYPHI 30JI0TOIO TUIIA U UX OFOBLI[EHUA

CTpykTypa u 00beM JUILIOMHOM Pa0dOThI:

JlumuioMHast paboTa COCTOMT W3 OTrJlaBlieHus, pedepara IUILTIOMHOM
paboThl, BBENEHMS, BOCBMHU TIJaB, 3aKJIIOYEHHUS, CHHCKAa MCIOJIb30BAHHON
autepatypbl. OOmuii o6beM paboTel coctaBisier 30 crpanunkl. KomudecTBo
pUCYHKOB B pabore — 2. CHHMCOK HCMOJIb30BAHHOW JUTEPATypbl 3aHUMAET 2
CTpPaHUIly ¥ BKJIOYAET 24 MO3ULUN.

IlepeyeHb KJIHOYEBBIX CJI0B:

3070T0€  CEYeHHEe, METAJUIMYECKHUE  4YHuCia, MO0CIeq0BaTENIbHOCTU
duboHayyn, agIuTHUBHBIC CBOMCTBa, umcia IIm3o, umciaa Canema, JTHHEHHAasS
anreOpa, auddepeHnranbHas  TEOMETpHs,  IeJarormka  MaTEeMaTHKH,
HETNPEPBIBHBIE IPOOH, TAPMOHUYECKUE TPOTOPIHH, G-CTPYKTYpPHI.

Texcr pedepara:

Obvexkm uccredosanus — 30J10TOE CEYEHHE U ero oOOOILIEeHUs] B paMKax
CEMEHCTBa METAJUIMYECKUX YHCEN, WX alreOpanyeckue CBOMCTBA, CBS3U C
0000IIEHHBIMU TIOCTIeIOBaTeNbHOCTSIMU DrboHauyn, a Takke MNpPOSBICHUE B
COBPEMEHHBIX pa3ziesiax MaTEMaTUKH.

Llenv uccnedosanuss — cHOpMyIUpPOBaTH OCHOBHBIC OIpEICICHUS W
TEOPEMBI JIJIsl MIOHATUI Tociie oBaTeIbHOCTh PuboHayun, uncia Gunusd, rnagkue
MHOT000pa3usi, 30J0TOr0 CEYEHHUs, MNPOJEMOHCTPUPOBAThH HX B3aUMOCBS3b,
NPUBECTH TPUBHAIBHBIC U HETPUBHUATIHLHBIC TPUMEPBHI.

Memoovbl uccinedosanuss — HAy4YHO-TEOPETUUECKUE.

Jocmosepnocms mamepuanos u pe3yromamos OUnIOMHOU padomul.
Hcnonb3oBaHHblE MaTepHUalibl M Pe3yJbTaThl JUILUIOMHOM pabOThl SBISIOTCS
JIOCTOBEpHBIMU. PaboTa BBINIOJIHEHA CAMOCTOSITENBHO.

Obnacmeb 803MOMCHO20 NPAKMUUECKO20 NPUMEHEHUs: B TEOPETUYECKHUX
UCCIIeIOBAHUSIX u y4eOHOM npoiiecce.



AHATAIBISA I[I)IHJIOMHAFI IMPAILBI
[Binik Ansikcanapa CsipreeyHa
CTPYKTYPHBI 3AJIATAT'A THIITY I IX AI'YJIBHEHHI

Crpykrypa i a0'ém AbINIIOMHAN panbl:

JlplrioMHast mpaiia CKiajaera 3 3MecTa, padepara JbIIUIOMHAN Mpalbl,
YBSII3€HHS, BaCbMi KipayHIKOY, 3aKJIIOUIHHSI, CIICY BhIKAphICTAHAW JIITapaTypHhl.
ArynbHBI a0'éM nparisl ckiaagae 30 craponki. Konbkacis MaatoHKaY y mparsl - 2.
Cric BeIKapbICTaHaH JITapaTyphl 3aiiMae 2 CTapOHKY 1 YKiTtouae 24 nma3inbii.

IlepaJik KII04YaBBIX CJIOY:

3amatoe CAYdHHE, METANuHbBIA JIiKi, mnacasgaoyHacui ®ibaHaysl,
anbITBIVHBIA  YmaciiBacii, Jiki  Ilizo, miki Canema, miHeliHas anre0pa,
ObIEPIHIIBISTIbHAS  T€aMETphIs, Ielarorika MaTdMaTbhiKi, OecrepanbIiHHbISA
JpOOBI, rapMaHIvYHbIsA Ipanopiibli, G-CTPyKTYpHI.

Takcr padepara:

Ab'exm oacnedasanusa — 3anaToe CAYIHHE 1 Sr0 abaryynbHEHHI ¥ paMKax
CAMEMCTBa MeETaJiyHbIX JIiKay, 1X anreOpaluHblsl YiaciiBaciii, CyBs3l 3
abarynpHEeHBIMI MacisiioyHacisiMi dibaHaybl, a Takcama IpasiBa ¥ Cy4YacHBIX
pazazenax MaTIMaThIKI.

Mbma oacnedasanns — chapMyIsiBallb ACHOYHBIS BBI3SHAUIHHI 1 TIAPIMBI
JUIS MaHAULsY nacianoyHacip di6anausl, jaiki Diaplsd, Tiankis pa3HacTaiHaclil,
3aJ1aTora CSIY9HHS, MPaJdMaHCTPaBallb 1X Y3a€MacyBs3b, MPHIBECII TPHIBISIILHBISA
1 HETPBIBISTbHBIS MPBIKJIA]IbI.

Memaovwl dacneoasanus — HaByKOBa-TIAPITHIYHBIS.

Haknaonacyv mamaspulanay i 8bIHIKay ObINIOMHAL npaybl. BeIKapbICTaHBIS
MaTIPBISIIBI 1 BBIHIKI ABIIUIOMHAM paboThl 3'syisroria nakinaaabeiMi. [lpana
BbIKaHAaHA CaMacTONHa.

BO6JlaCT/;b mazuvimazca npakmoliHaca NPOIMAHEHHA: y T3ap3TBILIHI)IX
JacielaBaHHsIX 1 HaBYyYaJIbHBIM mparace.



ANNOTATION OF THE DIPLOMA THESIS
Tsvilik Alexandra Sergeevna
THE GOLDEN TYPE STRUCTURES AND THEIR GENERALIZATIONS

Structure and scope of the thesis:

The thesis consists of a table of contents, an abstract of the thesis, an
introduction, eight chapters, a conclusion, a list of references. The total volume of
the work is 30 pages. The number of drawings in the work is 2. The list of
references occupies 2 page and includes 24 items.

List of keywords:

Golden ratio, metallic number, Fibonacci sequence, additive properties,
Pisot numbers, Salem numbers, linear algebra, differential geometry, mathematics
pedagogy, continued fractions, harmonic proportions, G-structures.

Abstract text:

The object of research: The object of research is the Golden Ratio and its
generalizations within the family of metallic numbers, their algebraic properties,
connections with generalizations of the Fibonacci sequence, as well as their
manifestations in modern branches of mathematics.

The purpose of research: The objective of the research is to formulate the
main definitions and theorems for the concepts of the Fibonacci sequence, Pell
numbers, smooth manifolds, and the golden ratio; to demonstrate their

interconnections; and to provide both standard and non-standard examples.

Methods of research: are scientific and theoretical.

Authenticity of the materials and results of the diploma work.

The materials used and the results of the thesis are reliable. The work was
done independently.

Recommendations on the usage: in theoretical research and educational
process.



