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

Metoro HaBYanbHOI JMCUHMIUIIHM HaBYaubHOI jauciuiutiak  «Beltrami
Equation: Geometric Approach» € mnorauOieHe BHBYEHHS TeOpii pIBHIHb
benbTpami B BUNa Ky BUPOJKEHHS YMOBU PIBHOMIPHOI €JIINITUYHOCTI.

3aBaaHHsA HaBYAJbHOI JUCUUIUIIHM: BUBYEHHS TEOPEM ICHYBaHHS
PEryJISIpHUX TOMEOMOP(QHUX pO3B’SI3KIB pIiBHAHb benbTpaMi 3 BUPOIKEHHSIM
YMOBHM PIBHOMIPHOi E€JINTUYHOCTI, @ TaKOX TEOpEeM ICHYBAaHHS pEryJIspHUX
(HemepepBHUX, BIAKPUTHX 1 TUCKPETHUX) pO3B’A3KIB 3aaaul Jupuxie st Takux
PIBHSHbD.

OuikyBaHi pe3yJbTaTH HABYAJIbHOI IMCIHHUILTIHH

3arajibHi KOMIIETEHTHOCTI:

1. Amami3 i cuHTe3. 3JaTHICTH JI0 aHANI3Y Ta CUHTE3Y HA OCHOBI JIOTTYHUX
apryMeHTIB Ta nepeBipeHuX (akTiB; HABUYKH YNpaBIiHHA iHGopMaliero (yMIHHS
3HAXOJIUTH Ta aHaJli3yBaTH iHpopMmailiro 3 pizHux mrepen) (3K 1).

2. JocninHuipka 37aTHICTh. KOMIIETEHTHOCTI 1HIIIIOBAaTH Ta BUKOHYBATH
(iHpuBimyanpHO a00 B HAYKOBIM TpyIli) HAYKOBI JOCHIJKEHHS, 10 MPUBOIATH 10
OTpPUMAaHHs HOBUX 3HaHb; 3J[aTHICTh 3aCTOCOBYBAaTH 3HaHHS Ha npakrtuili. (3K 2).

3. T'myukicte mucieHHs. HaOyTTs THy4Koro crmoco0y MHCICHHS, KM Jae
MOJIMBICTD 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
iHbpopMaIifo 'y 3py4yHHH Ta 3po3yMumMd cmocid yCHO 1 TMCBMOBO,
BUKOPHCTOBYIOYM  BIAMOBIIHY TEXHIYHY JIGKCHKY Ta METOAHM, HaBUYKHU
BUKOPHUCTAHHS 1H(QOpMAIIHHUX 1 KOMYHIKAIIIMHUX TEXHOJIOTiH; 3AaTHICTh
CIIUIKYBAaTHCSl PITHOIO Ta APYrol0 1HO3EMHOK MOBOKO SIK YCHO, TaK 1 MHUCBMOBO
(3K 6).

5. MixHapogHuil Kpyro3ip. 3aTHICTh TNPAIIOBATA B MDKHAPOIHOMY
CEPENIOBUIIl, CTABUTHCS 13 MOBAror0 /10 HallIOHATBHUX Ta KYJIbTYPHHUX TPATUIIIH,
croco0iB pobotu iHmMX WwieHiB rpynu (3K 7).

6. INomynspusamiitHi HaBuuku. BMmiHHS crouikyBaTucs 13 HedaxiBIsSMH,
3IaTHICTh TPOBECTH YCHY WPE3CHTAIlII0 Ta HAMHCATH 3PO3yMUTy CTAaTTIO 3a
pe3ynbTaTaMu MPOBEICHUX JOCTIHKEHb, a TaKOX IMOAO0 Cy4acHUX KOHIICTINN Yy
MaTemaTHili Juist HedaxiBiiB 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 HANOJETJIMBICTh 100 MOCTABICHUX 3aBlaHb 1
B3sTHX 000B’s13KiB (3K 12).



DaxoBi KOMIIETEHTHOCTI
1. 3HaHHA icTOpii PO3BUTKY Ta CYYAacCHOIO CTaHy HAyKOBUX 3HaHb 3a
CHCIIATBHICTIO Ta 00paHoto cremianizamiero (PK 1).
2. 37aTHICTh 3aCTOCOBYBaTHM CyYacHY METOJIOJOTII0, 3arajbHi Ta CHelialbHI
METO/M HAYKOBOT'O JIOCIIJKEHHS 3a CIELIAJBHICTIO Ta OOpaHOI0 CIeuiaIi3aliero
(PK 2).
3. 31aTHICTh JIOTTYHO MHCIUTH, (POPMYIIIOBATH, CTPOro AOBOJUTU Ta MEPEBIPSATH
MPaBWIBHICTh MaTeMaTHYHUX TBepkeHb (DK 4).
4. OBOJIOAIHHSA TpPAJULUIMHMUMH Ta CYYaCHUMHU MaTEMaTMYHUMHU METOJaMu
JOCITIJDKEHHS Ta 3aCTOCYBaHHSAMU piBHAHHS benbrpami (OK 10).

IIporpamui pe3yJbTaTH HABYAHHSA:
1. 3HaTu Ta PO3YMITH TpaJHUIIiHI Ta TEepPeOBl TEHACHII B raay3i MaTeMaTHKH,
€Tany ICTOPUYHOTO PO3BHUTKY MaTeMaTHYHHMX 3HaHb 1 mapaaurM, (OpMyBaHHS
HOrIHOJIEHOT CHCTEMH HAYKOBHMX 3HaHb 3a HampssMoM gociaimkeds (ITPH 1).
2. 3HATH OCHOBHI TPHUHIUIHK, (GOPMH Ta METOAU TIPOBEIACHHS HAYKOBHUX
JOCJIIJDKEHb B Tally31 MaTeMaTUKH, BOJIOJITH MaTeMAaTHYHUM arapaTtoM B 00’ eMi,
naoctaTHbOMY jJist ipodeciiinoi aissibHocTi (ITPH 3).
3. BmiTn 3a OMOMOror TEOPETHYHOTO MAaTEeMaTHYHOTO amapary JOCIHiKyBaTH
PI3HOMaHITHI TPUPOJIHI SBUINA Ta MPOLECH, MPOBOJUTH aHAJI3 BIUIMBY HA HHX
pi3HUX (aKTOPIB, @ TAKOK BUBUATH B3a€EMO/III0 MK SIBUIIIAMH 3 METO OTPUMaHHS
NEPEKOHJIMBO JOBEIEHUX 1 KOPUCHUX (YHIAMEHTAIbHUX Ta MPAKTHYHUX
pesyabtatiB (ITPH 5).
4. 3nificHoBatH MpodeciiiHy MUCBMOBY W YCHY KOMYHIKAIlIIO YKpaiHCHKOIO Ta
1HO3eMHUMH MOBaMH. YMITH TpAIOBATH 31 CHEI[IAIbHOI JIITEpaTypor Ta
HAYKOMETPUYHUMH 0a3aMu JaHUX, B TOMY 4ucii iHo3emHO0 MoBoto (ITPH 8).
5. Bwmitu  opra”izyBaTM = HENEpepBHUN  BIACHUHA  CaMOpPO3BUTOK 1
CaMOBJIOCKOHAJIEHHS, HAOYTTS THYYKOTO CIOCOOY MHCIEHHS IPH TBOPUYOMY
JIOCHIKEHHI, B TOMY YHCIII IPUKIagHUX MatemMaTiHaHuX mpodaem (ITPH 10).
6. Bmitn dopmynoBaT HayKoBi IpoOJeMH 3 OISy Ha IIHHI CTIH OPIEHTHPH
CY4JacHOTO CYCITUILCTBA Ta cTaHy ii moTouHoro mociimkenus (ITPH 11).
7. Po3p’s3yBatu (PyHIAMEHTanpbHI Ta TPUKIAIHI 3aHadl  OPUIATHAMHU
MaTeMaTUYHUMH METOJAaMH, TEpeBIpATH YMOBH BUKOHAaHHA MaTeMaTHUYHHUX
TBEP/’KEHb, KOPEKTHO MEPEHOCUTH YMOBH Ta TBEP/>KCHHS Ha HOBI KJIaCH 00’ €KTIB,
3HAXOJUTH W aHATI3yBaTH BIAMOBIIHOCTI MK IOCTABJICHOIO 3a/1a4€i0 M BIJOMUMU
MOIeNIIMH, OyIyBaTH Ta JOCIIIKyBaTH HOBI MaTematudHi moaeni (ITPH 12).
8. 3HaTH TEOPETUYHI OCHOBH 1 3aCTOCOBYBATH CIEIlaJbHI METOIN JOCITIDKCHHS B
Teopii (QYHKIIA KOMIUIEKCHOTO 3MIHHOTO Ta Teopii KBa3iKOH(GOPMHHX
BimoOpaxkens (ITPH 13).

3a pe3ynabTaTaMy BUBUYCHHS HABYAJIBHOI AMCIUIUIIHK 3100yBay JIOKTOpa
¢d11ocodii MOBUHEH:
3HATH:
— TEOpPEeMHU ICHYBaHHS PETrYJISIPHUX TOMEOMOP(PHUX PO3B’ A3KIB IJIs
BUPOJ/I)KEHHUX PIBHSIHBb benbTpaMi 3 OJIHIEI0 XapaKTePUCTUKOIO;



— TEOpPEMU ICHYBaHHS PETYISIPHUX TOMEOMOP(PHUX PO3B’SA3KIB s
BUPOJKEHHUX PIBHSIHBb benabTpami 3 ABOMa XapaKTepUCTUKAMH;

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

BMITH:
— YMITH BUKOPUCTOBYBATH METOJ MOJIYJIIB CIMEHCTB KPUBHUX B T€OPIil
BUPOJKEHHUX PIBHSIHB benbTpami A OL[IHKU PIBHOCTENEHEBOT
HETepPepPBHOCTI 1X PO3B’sI3KIB.

— BMITH BUKOPHUCTOBYBATH TEOPII0 301)KHOCTI PillIEHb BUPOIKEHHUX
piBHAHB benbTpami 71 JoKa3y TeOpeM ICHYBaHHS iX ToMeoMOp(pHUX
PO3B’SI3KIB.

— YMITH JIOBOJIUTH TEOPEMH 301’KHOCT1 pO3B’SI3KIB /I BUPOIXKEHHUX
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

KinbkicTh rognn
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Tewma 1. Introduction to Beltrami
equations: definitions, history, 8 2 2 4
applications
Tewma 2. Classical case: existence,
. : 8 2 2 4
uniqueness, smoothness of solutions
Tema 3. Degenerate case: classification 10 5 5 5
of singular sets, Bers and Lehto criteria
Tema 4. Criteria of Pesin, Brakalova-
. . . 8 2 2 4
Jenkins and Iwaniec-Martin
Tema 5. Criteria of Miklyukov-Suvorov, 8 5 5 4
David and Tukia
Tema 6. Criteria of Gutlyanskii-Martio-
. 8 2 2 4
Sugawa-\Vuorinen
Tema 7. BMO-criterion for the existence
. . 8 2 2 4
of regular homeomorphic solutions
Tema 8. Properties of BMO-
quasiconformal and BMO-quasiregular 10 2 2 6
mappings
Tema 9. FMO-criterion for the existence
. . 8 2 2 4
of regular homeomorphic solutions
Tema 10. Existence criteria for Beltrami
. . . 8 2 2 4
equations with 2 characteristics
Tema 11. Consequences for the reduced
. ) 10 2 2 6
Beltrami equations
Tema 12. Criteria for the existence of
- - 8 2 2 4
strong ring solutions
Tema 13. Representation, factorization 10 5 5 5
and uniqueness theorems
Tema 14. Criteria for the existence of 8 5 5 4
regular solutions to the Dirichlet problem
Ycboro IOJAUH 120 28 28 64




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
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6. MeToau HABYAHHSA

[Tpu BukiamanHi HaB4anbHO! aucuuiuTink «Beltrami Equation: Geometric
Approach» BHKOPHCTOBYIOTHCS TaKi METOAM HABYAHHS. MPOOJIIEMHO-TIONTYKOBUH,
MOSICHIOBAJIbHO-TIOCTPATUBHUM, JTOCTIAHUIIBKUAM, MOMIYKOBUM, 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 mexaniku HAH VYkpainw, 1Hmumx ycranoB HAH
Ykpainu.

8. MeToau KOHTPOJII0

BukopucTOBYIOTHCSI HACTYIHI METOAH KOHTPOJIIO:
1. IToToyHMI1 KOHTPOJIb 3HAHB:
- YCHE OTIMTYBaHHS;
- BUKOHAHHS TPAaKTUYHUX POOIT;
- TECTYBaHHS,
- BUKOHAHHS JOCITHUIIbKUX 3aBJ/IaHb.
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
TiJIBHOCTI

Oninka 32 HAIOHAJIBLHOIO IITKAJI0I0

NS icnuTy

90-100

«BIIMIHHO» - 3700yBad MOBHO 1 BCEOIYHO PO3KPUBAE THTAHHS
TEMH, BUIBHO ONEPYE MOHATTSIMH 1 TEPMIHOJIOTIEI0, JEMOHCTPYE
IIIMOOKI 3HAHHS JDKEPEJ, Ma€ BJACHY TOYKY 30py CTOCOBHO
BiJIMIOBIIHOT TEMH 1 MO’KE apTYMEHTOBAHO 1i TOBOJUTH

75-89

«mobpe» - 3araJioM piBeHb 3HAHb 3700yBadiB BiIMOBimae
BUKJIQZICHOMY BHILE, ajl€ MalTh MICLE JAEAKl YIYIIEHHS MpH
BHUKOHAaHHI1 3aBJaHb, OOIpyHTYBaHHSI HETOYHI, HE
HIATBEPKYIOTHCS JOCTaTHRO OOTPYHTOBAHUMHU JI0Ka3aMU

60-74

«3a/I0BUIBHO» - 3/100yBau pO3KpUB NMHUTAHHS, B 3arajbHUX pHUcaXx,
po3yMi€ iX CyTb, HAMAra€Tbcsi pPOOUTH BUCHOBKH, ajieé IPU LIbOMY
IPUITYCKAETHCS TPYOUX MOMIIIOK, MaTepiail BUKIIAJAa€ HEIOTTIHO 1
HE CaMOCTIITHO

35-59

HE3aJ0BUTPHO» - 3 MOXJIMBICTIO TIOBTOPHOTO CKJIaJIaHHS,
3100yBa4 HE B 3MO31 JIaTW BIAMOBIIb HA MOCTaBJICHE 3alUTAHHS
abo BIMOBIIb HEMpaBWJIbHA, HE PO3YMIE CYTI MUTAHHS, HE MOXKeE
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
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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
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