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XOpapuyM:

30 yaca neKnuu

KPEIIUTH CHIJI. KpEUTHATA CUCTEMA
Ha 1O na BAH:
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1. AHoTanusa

KypcbT mnpezncraBisiBa cTaHgapTeH YBOA B JUHEHHUS (YHKIMOHAJIEH aHAIW3 M TEOpUs Ha
orneparopute. OOpbIla ce CeprHO3HO BHUMAHUE HAa IIBJIIHUTE METPUYHH IpocTpaHcTBa. Jlokaspar ce
OCHOBHHTE TEOpeMH Ha (YHKIMOHAJTHHUS aHAJM3 M CE HW3BEX/Ja CIEKTPATHOTO pasjlaraHe Ha

KOMITAKTEH CaMOCIIPErHaT OMEPaTop B XMJIOEPTOBO MPOCTPAHCTBO.

2. HeoOxoauMu npeaBapuTeTHU 3HAHUA

3agpn0oueHo To3HaBaHe Ha JuHeWHa anreOpa u aHanu3 (M C).Ilo3HaBaneTo Ha WMHTErpajia Ha
JleOer Ou OmI0 MONE3HO, HO HE € 3aIBIKUTEIHO.




3.

KoMneTeHTHOCTH, MPUA0OUTH B pPe3yJITAT HA 00y4YeHHEeTO

VYcBosiBAHE Ha 3HAHWA W yMEHHUs B oOiacTTa Ha (YHKIMOHAJIHHS aHalW3 W pa3BUBaHE Ha
CIIOCOOHOCT 3a GopMyIIMpaHEe U peliaBaHe Ha MpodIeMu

4.

S.

AR e

TeMaTH4YHO CbADbP:KAaHUEC

TeEMa Opoii yacoBe JeKI1H

MeTpuuHM NPOCTPAHCTBA 8

BbanaxoBu npocTpaHCcTBa, THHEHHHN (YHKIIMOHAIN 8

JIuneliHu onepaTopu 8

KomnakTthu oneparopu 6
Koncnekr

JIuneiinun HopmupaHu npoctpaHcTsa. [Ipumepn

[IenHOTA M OIIBIIBaHE.

Enemenrapnu (axTu 3a HenpekbcHATH JUHEHU oneparopu. [IbnHoTa HA B(X,Y). [lpumepu
XunbeptoBo mpocTtpancTBo. CriperHaTo Ha XMIOEPTOBO MPOCTPAHCTBO. OPTOTOHATHHU CUCTEMHU.
Teopema Ha Xan-banax. Teopemu 3a otaenumoct. Cinenctsus oT TeopeMara Ha XaH banax.
Teopema Ha bep. [lpunoxenus. Teopema Ha banax 3a oTBopeHOTO M300IaXkeHU. TeopeMa 3a
3aTBOpeHara rpaduka.

7. 7. KoMmakTHOCT B METPHUYHO MPOCTPAHCTBO. TeopeMa Ha Apriena-ACKOIH.

8. Kommnakthu onepatopu. Cripersar oneparop.

9. Teopusa Ha @peaxonm.

10. Camocnpernar onepatop. OOmIM cBOKCTBA.

11. CnekrpaiHa TeopHs 32 KOMIIAKTEH CAMOCTIPETHAT OTepaTop.

6. IlpenopnbuaHna jquTeparypa:

1. Eindelman, Milman, Tsolomitis: Functional Analysis. An Introduction. AMS, 2004.

2. M.Fabian, P.Habala, P. Hajek, V.M.Santalucia, J.Pelant, V. Zizler. Functional Analysis and
Infinite-Dimensional Geometry, Springer, 2001.

3. R.B.Holmes, Geometric Functional Analysis and its Applications, Springer-Verlag, 1975.

7. PecypcHo ocurypsiBaHe Ha 00y4YeHHETO:

Hsima



8. Kpurepuu 3a ouenka

M3nuThT € ¢ IPOABIDKUTEITHOCT 4 Yaca U C€ ChCTOU OT JIBE YaCTH — IUCMEH U YCTEH.

Ha nucmenmsa wmsnut AOKTOPAHTBHT pPa3BHBA CBOUTC HACU MW KOHICTIIMHA IO [Ba BBIIpOCA OT
KOHCIICKTA.

Ha ycTHHS M3MUAT TOKTOPAHTHT OTrOBaps Ha 3aJaJICHU OT )KYPHUTO BBIIPOCH, CBBP3aHU C TeMara Ha
Kypca.

Kpaiinara onenka e ot 2 10 6 (¢ Tounoct 110 0.5).

Ts ce popmmupa Ha 6azara Ha CIEAHOTO CHOTBETCTBHE:

Otnuuen OT1nuuHO Brajiee Matepuaia. M3noxKeHneTo € H3uepaTeito, MocaeJ0BaTeIHO, KOMIETEHTHO,

(6 mm 5.50) | mormuHO M XapMoHHYHO. [IpaBMITHO 000CHOBABA MIpeIaraHUTe PEIIeHHs, 3Hae Kak 1a 0000masa u
u3jara Marepuana 6e3 Ja npapu rpemky. [IputeskaBa HEOOXOAMMUTE YMCHHUS 32 U3IBIHCHUE Ha
MIPAKTUICCKH 3aa4u.

MH. 1o65sp [To3naBa maTepuana. Mznmara ro mpaBuiaHo 0e3 a JOIMycKa ChIIECTBEHN HETOYHOCTH. Moxke
(5§ mm 4.50) | mpaBWIIHO Ja NpUiIara TEOPETHYHHU NPUHIUIIN U IPUTEKaBa HEOOXOAUMHUTE YMEHHS 3a U3IIbIHEHHE
Ha MPaKTHYECKH 3aJ1auH.

Ho6bp Bnanee ronsima yact marepuana, HO IOITycKa HETOYHOCTH IIPU M3JI0KEHHETO U OTTOBOPHTE Ha

(4 mmu 3.50) | BeOpocute. iMa M3BECTHU HESCHOTH MPH OIUTUTE 3a MIPIJIaraHe Ha MaTepralla B IIPaKTHIECKI
CUTYyalluu.

Cpenen Bnanee camo yacT ot Marepuana, HO ce 3aTpyAHsBA B OTAEIHUTE AeTaiin. Jlonmycka HETOYHOCTH BBB

3) (OpMYIHPOBKUTE M HapyllaBa IIOCIEAOBATETHOCTTa MpPU IPEACTaBIHETO Ha Marepuan. Hma
3aTpyIHEHU [IPU U3IIBJIIHEHUE Ha [TPAKTHUCCKU 3a/1a4H.

Cnab He no3HaBa 3HauMTENHA 4acT OT MaTepuala, JOMyCKa CHIIECTBEHU IPEUIKH U C FOJIEMH TPYIHOCTH

2) W3ITBJIHSBA MPAKTUYECKH 3a1a4H.

VYuyebHaTta mporpama € oOChAeHa W OA0OpeHa Ha 3acefaHue Ha CEKIUs ,,AHanu3, TEOMETpUs H
tomosorug™ Ha 04.07.2023 r.

PorkoBoauTEN CEKIIM:

(an.-xop. Huxomnait Hukomos)

Pasrnenana ot Jlupexropckus csBer Ha UMIM-BAH na 06.07.2023 (mpoTtoxos Ne 27).

[Ipuera or Hayunus ceBer Ha UMUM-BAH na 07.07.2023 (mpotokoun Ne 7).
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Curriculum
of a Specialized PhD Course
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PhD Programme: Mathematical analysis

Theme: Introduction to functional analysis

Lecturer: Denka Kutzarova

gl)llj)tszt ?ﬁgs of the Lecturer denka@illinois.edu

Hours: 30 hours of lectures

Credits According to the Credit System 20

of the Training Centre of BAS:

1. Annotation

The announced course is an introduction to the basic ideas and methods of functional analysis and
operator theory. The basic theorems of Banach space theory are proved and the spectral
decomposition of a compact self-adjoint operator is derived. See the syllabus for a description of the
topics under consideration.

2. Prerequisites

Differential and Integral Calculus 1, Differential and Integral Calculus 2, Linear Algebra




3.

Expected Learning Qutcomes

Knowledge acquisition in the area of the functional analysis and developing an ability to formulate
and solve problems.

4.

SR e

- = o A

7.

No

Topical Outline of Content

Topic Hours Lectures

Metric spaces 8

Banach spaces, linear functionals | 8

Linear operators 8

Compact operators 6

Questionnaire (list of selected questions)

Normed vector spaces. Basic examples.

Metric spaces. Completion of a metric space — existence and uniqueness.

Elementary facts about continuous linear operators. Completeness of B(X,Y). Basic examples.
Hilbert space. The dual of a Hilbert space. Orthogonal basis in a Hilbert space.

Hahn-Banach theorem. Separation theorems. Applications.

Baire theorem. Simple applications. Banach open mapping theorem. Closed graph theorem.
Uniform boundedness principle.

Compactness in metric spaces. Arzela-Ascoli theorem.

Compact operators. Dual operators.

Fredholm alternative.

. Spectral theory — basic facts.
. Selt-adjoint operators. Spectral decomposition of a compact self-adjoint operator.

. References

Eindelman, Milman, Tsolomitis: Functional Analysis. An Introduction. AMS, 2004.
M.Fabian, P.Habala, P. Hajek, V.M.Santalucia, J.Pelant, V. Zizler. Functional Analysis and
Infinite-Dimensional Geometry, Springer, 2001.

. R.B.Holmes, Geometric Functional Analysis and its Applications, Springer-Verlag, 1975.

Resource provision of training



8. Evaluation criteria

The exam shall continue 4 hours and shall consists of two parts — written and oral.

At the written exam the PhD student presents his/her ideas and concepts on two given questions
from the questionnaire.

At the oral exam, the PhD student answers questions asked by the jury related to the topic of the
course.

The final grade is from 2 to 6 (to the nearest 0.5).

It is formed on the basis of the following correspondence:

Excellent Excellent command of the material. Comprehensive, consistent, competent, logical and harmonious

(6 or 5.50) presentation. Proper justification of the proposed solutions, good summary and presentation of the
material without making mistakes. Good necessary skills to perform practical tasks.

Very good Satisfactory command of the material. Correct explanation without significant inaccuracies. Proper

(5 or 4.50) application of the theoretical principles and appropriate performance of practical tasks.

Good Good command of the material, but with inaccuracies in the presentation and in the answers to

(4 or 3.50) questions. There are some ambiguities in attempts to apply the material in practical situations.

Average Limited command of the material, difficulties in the individual details. Inaccuracies in the wording

3) and inconsistency in the presentation of the material. Difficulties in the performing of practical
tasks.

Weak A significant part of the material is not known, serious mistakes are made and the practical tasks are

(Failing grade) performed with great difficulty.

2

The curriculum was discussed and approved at a meeting of the Department “Analysis, Geometry
and Topology” held on 04.07.2023

Head of Department:

(Prof. N. Nikolov)

Approved by the Board of Directors of IMI-BAS on 06.07.2023 (Minutes No. 27)

Accepted by the Scientific Council of IMI-BAS on 07.07.2023 (Minutes No. 7)



