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1. MeTa, 3aBaaHHs Ta OYiKyBaHi pe3yJIbTATH HABYAJbHOI JUCHMILTIHMN.

MeTtoro HaBYanbHOI JMCUHMIUIIHM HaBYaubHOI jauciuiutiak  «Beltrami
Equation: Geometric Approach» € mnornauOieHe BHBYEHHS TeOpii pIBHIHb
benbTpami B BUNaKy BUPOIKEHHS YMOBU PIBHOMIPHOI €IIMTUYHOCTI.

3aBaaHHsA HaBYAJbHOI JUCUUIUIIHM: BUBYEHHS TEOPEM ICHYBaHHS
PEryJISIpHUX TOMEOMOP(QHUX pO3B’S3KiB PIBHAHb benbTpaMi 3 BUPOJKEHHSIM
YMOBHM PIBHOMIPHOi E€JINTUYHOCTI, a TaKO0X TEOpEM ICHYBAHHS PEryJISIpPHUX
(HemepepBHUX, BIIKPUTHUX 1 JUCKPETHUX) pO3B’A3KIB 3aaaul Jupuxie uisi TakKux
PIBHSHbD.

OuikyBaHi pe3yJbTaTH HABYAJIbHOI IMCIHHUILTIHH

3arajibHi KOMIIETEHTHOCTI:

1. Amnami3 i cuHTe3. 30aTHICTh 10 aHAJI3y Ta CUHTE3Y Ha OCHOBI JOTTYHUX
apryMeHTIB Ta nepeBipeHuX (akTiB; HABUYKU YIpaBIiHHS 1HGopMaliero (yMIHHS
3HAXOJIUTH Ta aHaJli3yBaTH iHpopMmailiro 3 pizHux mrepen) (3K 1).

2. JocninHuipka 37aTHICTh. KOMIIETEHTHOCTI 1HIIIIOBAaTH Ta BUKOHYBATH
(iHpuBimyanpHO a00 B HAYKOBIM TpyImi) HAYKOBI JOCHIJKEHHS, 10 TPUBOIATH 10
OTpPUMAaHHs HOBUX 3HaHb; 3aTHICTh 3aCTOCOBYBAaTH 3HaHHS Ha npaktuili. (3K 2).

3. T'myukicte mucieHHs. HaOyTTs THy4Koro crmoco0y MHCICHHS, KM Jae
MOKJIMBICTD 3PO3YMITH ¥ PO3B’sS3aTH MPOOJIEMHU Ta 3aja4i, 30epiraroyu Mpu bOMY
KPUTUYHE BiHOIICHHS JI0 YCTaJICHUX HayKoBHuX KoHmermii (3K 3).

4., KoMyHIKaTUBHI HaBUYKH. 3JaTHICTb €(QEKTHMBHO CHUIKYBaTHCS 13
CHEIlIAIbHOI0 Ta 3arajbHOI0 ayJUTOPISIMH, a TaKOX MPEACTABIATA CKIAIHY
iHpopMaIifo 'y 3py4HHH Ta 3po3yMumd cmocid yCcHO 1 TMCBMOBO,
BUKOPHCTOBYIOYM  BIAMOBIIHY TEXHIYHY JIGKCHKY Ta METOAHM, HaBUYKHU
BUKOPHUCTAHHS 1H(POpMAIIHHUX 1 KOMYHIKAIIIMHUX TEXHOJIOTiH; 3AaTHICTh
CIIUIKYBAaTHCSl PITHOIO Ta APYrol0 1HO3EMHOK MOBOKO SIK YCHO, TaK 1 MHUCBMOBO
(3K 6).

5. MixHapogHuii Kpyro3ip. 3JaTHICTh TNPAIIOBATA B MDKHAPOTHOMY
CEPENIOBUIIl, CTABUTHCS 13 MOBAror /10 HallIOHATBHUX Ta KYJIbTYPHHUX TPAIUIIIH,
croco0iB pobotu iHmMX WieHiB rpynu (3K 7).

6. INomynspusamiitHi HaBuuku. BMmiHHS crouikyBaTucs 13 HedaxiBIsSMH,
3IaTHICTh TPOBECTH YCHY WPE3CHTAIlII0 Ta HAMHCATH 3PO3yMUTy CTAaTTIO 3a
pe3ynbTaTaMy TPOBEICHUX JOCTIHKeHb, a TaKOX IMOAO0 CYy4acHUX KOHIICTINN Yy
MaTematHili Juist HedaxisiiB y mii rarysi (3K 8).

7. Etmuni ycranoBku. ETwmka mOBEmMIHKM B HAyKOBUX JOCIHIKCHHSX,
TypOOTa Tpo sKicTh pe3ynbrary (3K 11).

OcobucTi AKoCTi. 3M1aTHICTh JO HaBYaHHS, CAMOPO3BUTKY Ta CAMOBJIOCKOHAJICHHS
MPOTATOM KUTTS, BU3HAUCHICTh 1 HAMOJETJIMBICTH 100 MOCTABICHUX 3aBlaHb 1
B3sTHX 000B’s13KiB (3K 12).



DaxoBi KOMIIETEHTHOCTI
1. 3HaHHA icTOpii PO3BUTKY Ta CYYAacCHOIO CTaHy HAyKOBUX 3HaHb 3a
CHCIIATBHICTIO Ta 00paHoto cremianizaiiero (PK 1).
2. 37aTHICTh 3aCTOCOBYBaTHM Cy4YacHY METOJIOJOTII0, 3arajibHl Ta CHelialbH1
METO/M HAYKOBOT'O JIOCIIJKEHHS 3a CIELIAJBHICTIO Ta OOpaHOI0 Creuiaai3aliero
(PK 2).
3. 31aTHICTh JIOTTYHO MHCIUTH, (POPMYIIIOBATH, CTPOro AOBOJUTU Ta MEPEBIPSATH
NPaBUIbHICTH MaTeMaTHYHUX TBepKEeHDb (DK 4).
4. OBoOnOAIHHS TPAgULIMHUMU Ta CYYaCHUMH MAaTeMaTUYHUMU MeETOAaMu
JOCITIJDKEHHS Ta 3aCTOCYBaHHAMU piBHAHHSA benbrpami (OK 10).

IIporpamui pe3yJbTaTH HABYAHHSA:
1. 3HaTu Ta PO3YMITH TpaJUIIiHI Ta MEpeAOBl TEHACHIlI B rajgy3l MaTeMaTHKH,
€Tany ICTOPUYHOTO PO3BUTKY MaTeMAaTHYHHMX 3HaHb 1 mapaaurM, (OpMyBaHHS
HOrIMOJIEHOT CHCTEMH HAyKOBHMX 3HaHb 3a HampssMoM gociaimkens (PH 1).
2. 3HATH OCHOBHI TPHUHIUIHK, (GOPMH Ta METOAU TIPOBEIACHHS HAYKOBHUX
JOCJIIJDKEHb B Tally31 MaTeMaTUKH, BOJIOJITH MaTeMAaTHYHUM arapatoM B 00’ eMi,
AoctaTHbOMY it ipodeciiinoi aissibHocTi (PH 3).
3. BmiTn 3a JIONOMOTrO0 TEOPETHYHOTO MAaTEeMaTHYHOTO amapary JOCIHiIKyBaTH
PI3HOMaHITHI TPUPOJIHI SBUINA Ta MPOLECH, MPOBOJUTH aHAJI3 BIUIMBY HA HHX
pi3HUX (aKTOPIB, @ TAKOK BUBUATH B3a€EMO/III0 MK SIBUIIIAMH 3 METOI OTPUMAaHHS
NEPEKOHJIMBO JOBEICHUX 1 KOPUCHUX (YHIAMEHTAIbHUX Ta MPaKTUYHUX
pesyabtatiB (PH 5).
4. 3nificHoBatH MpodeciiiHy MUCBMOBY W YCHY KOMYHIKAIlIIO YKpaiHCHKOIO Ta
1HO3eMHUMH MOBaMH. YMITH TpAIOBATH 31 CHEI[IAIbHOI JIITEpaTypor Ta
HAYKOMETPUYHUMH 0a3aMM JaHUX, B TOMY YKCIIi iHO3eMHOI0 MoBoto (PH 8).
5. Bwmitn  opra"izyBaTM = HENEpEepBHUN  BJIIACHUH  CaMOPO3BUTOK 1
CaMOBJIOCKOHAJICHHSI, HAOYTTS THYYKOTO CHOCOOY MHUCIECHHS TMpPU TBOPUOMY
JOCHIKEHHI, B TOMY YHCIII IPUKIaTHUX MaTeMaTiHaHuX mpodaem (PH 10).
6. Bmitn dopmynroBaTH HayKoOBI MpOOJIEMH 3 OIVIIAY Ha IIHHI CTIH OPIEHTHPH
CY4JacHOT'O CYCITUTLCTBA Ta CTaHy ii moTouHoro mociimkenHs (PH 11).
7. Po3p’s3yBatu (PyHIAMEHTanpbHI Ta TPUKIAIHI 3aHadl  OPUIATHAMHU
MaTeMaTUYHUMH METOJAaMH, TEpeBIpATH YMOBH BUKOHAaHHA MaTeMaTHUYHHUX
TBEP/I’KEHb, KOPEKTHO MEPEHOCUTH YMOBH Ta TBEP/>KCHHS Ha HOBI KJIaCH 00’ €KTIB,
3HAXOJUTH ¥ aHATI3yBaTH BIAMOBIIHOCTI MK ITOCTaBJICHOIO 33/1a4Ci0 M BIOMUMU
MoIeNIIMH, OyIyBaTH Ta JOCIIIKYBaTH HOBI MateMatudHi moxeni (PH 12).
8. 3HaTH TEOPETHYHI OCHOBH 1 3aCTOCOBYBATH CIICIialbHI METOAM JOCITKCHHS B
Teopii (QYHKIIH KOMIUIEKCHOTO 3MIHHOTO Ta Teopii KBa3iKOH(POPMHHUX
BimoOpaxkens (PH 13).

3a pe3ynabTaTaMy BUBUYCHHS HABYAJIBHOI AMCIUIUIIHK 3100yBay JIOKTOpa
¢d11ocodii MOBUHEH:
3HATH:
— TEOpPEeMHU ICHYBaHHS PETrYJISIPHUX TOMEOMOP(PHUX PO3B’ A3KIB IJIs
BUPOJ/I)KEHHUX PIBHSIHb benbTpaMi 3 OJIHI€I0 XapaKTePUCTUKOIO;



— TEOpEMHU ICHYBaHHS PEryJISIPHUX TOMEOMOP(PHUX PO3B’SA3KIB 15
BUPOJKEHHUX PIBHSIHBb benabTpami 3 ABOMa XapaKTepUCTUKAMH;

— TEOpEMHU ICHYBaHHS PEryJsSIpHUX PO3B’S3KIB 3anauu lupuximie 1is
BUPOJKEHHUX PIBHSIHB berabTpami.

BMITH:
— YMITH BUKOPUCTOBYBATH METOJ MOJIYJIIB CIMEHCTB KPUBUX B TEOPii
BUPOJKEHHUX PIBHSIHB benbTpami A OLIHKK pPIBHOCTENEHEBOT
HETepPepPBHOCTI 1X PO3B’sI3KIB.

— BMITH BUKOPHUCTOBYBATH TEOPII0 301)KHOCTI PillIEHb BUPOIKEHHUX
piBHsAHB benbTpami 715 JoKa3y TeopeM iCHyBaHHS iX ToMeoMOp(pHUX
PO3B’SI3KIB.

— YMITH JIOBOJIUTH T€OPEMH 301)KHOCTI pO3B’SI3KIB JJIs BUPOIKEHHUX
piBHsAHb benbTpami.



2. IIporpama HaABYAJIbHOI TUCUMILTIHU

Tema 1. Introduction to Beltrami equations: definitions, history, applications

Tema 2. Classical case: existence, uniqueness, smoothness of solutions

Tema 3. Degenerate case: classification of singular sets, Bers and Lehto criteria

Tema 4. Criteria of Pesin, Brakalova-Jenkins and Iwaniec-Martin

Tema 5. Criteria of Miklyukov-Suvorov, David and Tukia

Tema 6. Criteria of Gutlyanskii-Martio-Sugawa-Vuorinen

Tema 7. BMO-criterion for the existence of regular homeomorphic solutions

Tema 8. Properties of BMO-quasiconformal and BMO-quasiregular mappings

Tema 9. FMO-criterion for the existence of regular homeomorphic solutions

Tema 10. Existence criteria for Beltrami equations with 2 characteristics

Tema 11. Consequences for the reduced Beltrami equations

Tema 12. Criteria for the existence of strong ring solutions

Tema 13. Representation, factorization and uniqueness theorems

Tema 14. Criteria for the existence of regular solutions to the Dirichlet problem




3. CTpyKTYypa HABYAJBHOI TUCHUILIIHI
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4. TeMHn NPAKTHYHUX 3AHATH

Ne KiabkicTh
3/ Ha3Ba Temn S —
1 | Definitions and properties of BMO and FMO functions 2

2 | The main lemmas on BMO and FMO functions 2

3 | Modulus and capacity: definitions, properties, interconnections 2

4 | The Sobolev classes and relevant ACL homeomorphisms 2

5 | Convergence theorems for homeomorphisms 2

6 | On a series of equivalent integral conditions 2

7 | Interconnection with one more integral condition 2

8 | Ring Q-homeomorphisms at inner points 2

9 | Ring Q-homeomorphisms at boundary points 2
10 | The completeness of ring homeomorphisms 2
11 | On weakly flat and strongly accessible boundaries 2
12 | Extending inverse mappings to the boundary 2
13 | Extending direct mappings to the boundary 2
14 | Removability of isolated singularities 2

Pazom 28
5. Temu 11 caMoOCTiiiHOI podoTH
o KinbkicTh
Ha3zBa Temu

3/m TrOIMH
1 | Definitions and properties of BMO and FMO functions 4

2 | The main lemmas on BMO and FMO functions 4

3 | Modulus and capacity: definitions, properties, interconnections 6

4 | The Sobolev classes and relevant ACL homeomorphisms 4

5 | Convergence theorems for homeomorphisms 4

6 | Ona series of equivalent integral conditions 4

7 | Interconnection with one more integral condition 4

8 | Ring Q-homeomorphisms at inner points 6

9 | Ring Q-homeomorphisms at boundary points 4
10 [ The completeness of ring homeomorphisms 4
11 | On weakly flat and strongly accessible boundaries 6
12 [ Extending inverse mappings to the boundary 4
13 | Extending direct mappings to the boundary 6
14 | Removability of isolated singularities 4

Pa3om 64




6. MeToau HABYAHHSA

[Tpu BukiamanHi HaB4anbHO! aucuuiuTink «Beltrami Equation: Geometric
Approach» BHKOPHCTOBYIOTHCS TaKi METOAM HABYAHHS. MPOOJIEMHO-TIONTYKOBUH,
MOSICHIOBAJIbHO-TIOCTPATUBHUM, JTOCTIAHUIIBKUN, MOLIYKOBUM, ToImo. OCBITHIN
npoiiec MoOyJOBaHUM HAa MPUHIIMIAX OCOOUCTICHO OPIEHTOBAHOI'O HABYAHHS, HA
OCHOBl KOMIETEHTHICHOTO, CHCTEMHOTO, MIAXOIB IO CKJIaJa€: MpoOJIeMHO-
OpIEHTOBaHE HaBYaHHs, IHAMBIAYaJbHI KOHCynbTalii QaxiBuiB [HCTUTYTY
npwiagHoi MareMatukud 1 mexaHiku HAH VYkpainw, iHmumx ycranoB HAH
Ykpainu.

8. MeToau KOHTPOJII0

BukopucTOBYIOTHCSI HACTYIHI METOAH KOHTPOJIIO:
1. IToToyHMI1 KOHTPOJIb 3HAHB:
- YCHE OTIMTYBaHHS;
- BUKOHAHHS TPAaKTUYHUX POOIT;
- TECTYBaHHS,
- BUKOHAHHS JOCITITHUI[bKUX 3aBJaHb.
2. [TincyMKoBUi KOHTPOJIb 3HAHB (ICIIHT):
- MJICYMKOBHUH TeCcT ab0 eKk3aMeHalliiiHi O1IeTH.

9. Kpurepii oniHIOBaHHSI pe3yJibTATIB HABYAHHS

Po3nonia 6aJiB, siki oTpuMy€ acnipaHT
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[IIkaJya oniHIOBAHHA

Cyma 0OauiB 3a Bci
BU/IU HABYAJIBHOL
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75-89
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HE CaMOCTIITHO

35-59

HE3aJ0BUTPHO» - 3 MOXJIMBICTIO TIOBTOPHOTO CKJIaJIaHHS,
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3pOOUTH BUCHOBKH

0-34

HE33JIOBUTBHO» - 3 OOOB’SI3KOBHM ITOBTOPHUM BHUBUYCHHSIM
IUCHAIUIIHA

10. OpieHTOBHMII MEepeTiKk MUTAHb 0 MiZICYMKOBOIro KOHTPOJIIO (icluTY)

©CoNoOR~WDNE

Introduction to Beltrami equations: definitions, history, applications
Classical case: existence, uniqueness, smoothness of solutions
Degenerate case: classification of singular sets, Bers and Lehto criteria
Criteria of Pesin, Brakalova-Jenkins and Iwaniec-Martin

Criteria of Miklyukov-Suvorov, David and Tukia

Criteria of Gutlyanskii-Martio-Sugawa-Vuorinen

BMO-criterion for the existence of regular homeomorphic solutions
Properties of BMO-quasiconformal and BMO-quasiregular mappings
. FMO-criterion for the existence of regular homeomorphic solutions

10 Existence criteria for Beltrami equations with 2 characteristics
11.Consequences for the reduced Beltrami equations
12.Criteria for the existence of strong ring solutions

13.Representation, factorization and uniqueness theorems

14.Criteria for the existence of regular solutions to the Dirichlet problem
15.Definitions and properties of BMO and FMO functions

16.The main lemmas on BMO and FMO functions

17.Modulus and capacity: definitions, properties, interconnections
18.The Sobolev classes and relevant ACL homeomorphisms
19.Convergence theorems for homeomorphisms

20.0n a series of equivalent integral conditions

21.Interconnection with one more integral condition



10

22.Ring Q-homeomorphisms at inner points

23.Ring Q-homeomorphisms at boundary points
24.The completeness of ring homeomorphisms
25.0n weakly flat and strongly accessible boundaries
26.Extending inverse mappings to the boundary
27.Extending direct mappings to the boundary
28.Removability of isolated singularities

12. PexoMeHn0BaHa JiiTeparypa
OcHoBHa JiTepaTypa JUCUMILTIHA

1. Gutlyanskii V., Ryazanov V., Srebro U., Yakubov E. The Beltrami

equation. A geometric approach. Developments in Math., 26. Springer, New
York, 2012. ISBN: 978-1-4614-3190-9

2. Martio O., Ryazanov V., Srebro U., Yakubov E. Moduli in modern mapping

theory. Springer Monographs in Mathematics. Springer, New York, 2009.
ISBN: 978-0-387-85586-8

3. I'yrnaackuit B.f., PszanoB B.M. T'eomeTrpuueckas u ToIojoruyeckas

Teopus GyHKIUH U oToOpakenuii. — Kues: HaykoBa nymka, 2011.
ISBN 978-966-00-1156-4
JlonomixkHa JiTepaTrypa IuCHHUILIIHHA

1. Ahlfors L.V. Lectures on quasiconformal mappings. Van Nostrand Math.
Stud., No. 10 D. Van Nostrand Co., Inc., Toronto, Ont.-New Y ork-London,
1966.

2. Astala K., lwaniec T., Martin G. Elliptic partial differential equations and
quasiconformal mappings in the plane. Princeton Mathematical Series, 48.
Princeton University Press, Princeton, NJ, 2009. ISBN 978-0-691-13777-3
3. Bojarski B., Gutlyanskii V., Martio O., Ryazanov V. Infinitesimal
geometry of quasiconformal and bi-Lipschitz mappings in the plane. EMS
Tracts in Mathematics, 19. European Mathematical Society, Ziirich, 2013.
ISBN: 978-3-03719-122-4

4. lwaniec T., Martin G. Geometric function theory and non-linear analysis.
Oxford Mathematical Monographs. The Clarendon Press, Oxford University
Press, New York, 2001. ISBN: 0-19-850929-4

5. Lehto O., Virtanen K.I. Quasiconformal mappings in the plane. Springer-
Verlag, New York-Heidelberg, 1973.

6. Renelt H. Elliptic systems and quasiconformal mappings. Wiley-
Interscience Publication. John Wiley & Sons, Ltd., Chichester, 1988.

ISBN: 0-471-91731-1



http://mathscinet.imath.kiev.ua/mathscinet/search/author.html?mrauthid=192861
http://mathscinet.imath.kiev.ua/mathscinet/search/author.html?mrauthid=165825
http://mathscinet.imath.kiev.ua/mathscinet/search/author.html?mrauthid=196062
http://mathscinet.imath.kiev.ua/mathscinet/search/series.html?id=4857
http://mathscinet.imath.kiev.ua/mathscinet/search/author.html?mrauthid=120710
http://mathscinet.imath.kiev.ua/mathscinet/search/author.html?mrauthid=192861
http://mathscinet.imath.kiev.ua/mathscinet/search/author.html?mrauthid=165825
http://mathscinet.imath.kiev.ua/mathscinet/search/author.html?mrauthid=196062
http://mathscinet.imath.kiev.ua/mathscinet/search/series.html?id=4049
http://mathscinet.imath.kiev.ua/mathscinet/search/author.html?mrauthid=92250
http://mathscinet.imath.kiev.ua/mathscinet/search/author.html?mrauthid=120465
http://mathscinet.imath.kiev.ua/mathscinet/search/series.html?id=297
http://mathscinet.imath.kiev.ua/mathscinet/search/author.html?mrauthid=147000

