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Pe3iomera Ha peneH3mpaHUTE IIyOJMKAITAN

3a ygacTme B KOHKypCa Ca TpeJICTaBeHH HaydHH ITyOJUKaIlund, KOUTO He
OBTAPAT HpeJCTaBeHHTe 3a HpUI00MBaHe Ha 0Opa3oBaTeJHATA W HAYyJIHA
creneH “mokTop’.
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N. Popivanov, Ts. Hristov, A. Nikolov, M. Schneider, On the exis-
tence and uniqueness of a generalized solution of the Protter problem
for (3+1) -D Keldysh-type equations, Boundary Value Problems, 2017,
Volume: 2017, Article number: 26 , Pages: 1-30, ISSN (online): 1687-
2770, doi: 10.1186/s13661-017-0757-1, IF(1.156 — 2017), Quartile:
Q1(51/310 Mathematics, 2017 JCR-WoS), STR(0.49 — 2017),
URL: https://doi.org/10.1186/s13661-017-0757-1.

Pesrome. B crarusra ce usydaba (3 + 1) - MepHa rpaHHYHA 3aJa4a
3a ypaBHenus: or Tuna Ha Kesmgum (mbpu Tuim). [lomobHu 3amadu
3a ypaBHeHMsI OT Tuna Ha TpuKoMH (BTOPH THI) WM 334 BbHJIHOBOTO
ypasaenue ca ¢opmyaupanu ot M. [Iporep (1954) kaTo MHOTOMEpHE
aHaJio3n Ha paBHuHHHUTe 3ajaadu Ha Jlapdoy wmiam Kommu-['ypca. Inec
e no0pe um3BecTHO, dYe 3ajadure Ha lIporep He ca KOpeKTHH H Te
HMAT CHHIYJISPHE OOOOIIEHH pelleHus, JOPHU 3a TJIAJIKU JIeCHH CTPAHH.
B nacrogiara crarug e dopmy/iupaHa aHaJOrMYHA I'DAHUYHA 33/a4a
3a dYeTupuMepHu ypaBHenusd or Tuna na Kempgumi. [ledunupano e
TTOXO/ISTIIO 0DODIIEHO pellleHre ¢ Bb3MOYKHA CUHTYAsipHOCT. [loyuenn
ca Pe3yTaTH 3a CbIIECTBYBaHE W €JIMHCTBEHOCT Ha TAaKOBA peIIeHHe.
YcTaHoOBeHH ca AIIPUPOHM OIEHKH, KOUTO IOKA3BaT, KAKbB € pejla
Ha Bb3MOXKHATA CHHIYISIPHOCT, KOTATO JsSCHATA CTpaHa € 000O0IIeH
XapMOHUYEH IOJIMHOM.

N. Popivanov, Ts. Hristov, A. Nikolov, M. Schneider, Singular solutions
to a (3+1)-D Protter-Morawetz problem for Keldysh-type equations,
Advances in Mathematical Physics, 2017, Volume: 2017, Article num-
ber: 1571959, Pages: 1-16, ISSN (print): 1687-9120, ISSN (online):
1687-9139, doi: 10.1155/2017/1571959, IF(0.71 — 2017), Quartile:
Q4(48/55 Mathematical Physics, 2017 JCR-WoS), SJR(0.218
— 2017), URL: https://doi.org/10.1155/2017/1571959.

Pestome. B cratusra ce usciensa (3 4+ 1) - MepHa rpaHndHa 3a1a4a
3a csabo XunepboJMdHE ypaBHeHHsI oT THia Ha Kesmum (3azada
PK). VpabHeHnusita orT Tuna Ha KeJauim ca W3BECTHH ¢ PeIHIA
cuenuUIHA TPUJIOKEHUS BbB (PU3MKA Ha ILJIa3MaTa, OITHKATAa U
aHaJM3a HAa HPOEKTHBHHU NpocTpaHcTBa. 3ajadara PK He e KOpeKTHA,



3]

3aII0TO UMa Oe3KpailHOMEpHO KO-a/1po. BebIMHOCT, TS € aHaJor Ha
rpaHuvHa 3a/lada 3a ypaBHEHUS OT THUNA HA 1TPUKOMH, KOATO €
dopmynaupana or M. Ilporep mpe3 1952 rogmHa m e TSICHO CBbp3aHa
¢ IpOIECH B OKOJIO3BYKOBarTa JuHaMuKa. Hue pariexmgame oboOIeHN
pemenus Ha 3ajadata PK, nedunupanu B crenuaano GpyHKIUOHAIHO
IPOCTPAHCTBO, 3a KOUTO C€a CHWJIa TEOPEeMH 3a CbIIeCTBYBaHE U
equncreenoctT. Jlobpe wu3BecTHO €, 4e Te3U PeElIeHUud MOorar Jia
UMaT CHUJIHA CTelMeHHA OCOOEHOCT B e€IHA TOYKA OT TPAHUIATA HA
obJslacTTa, B KOATO ca JeduHUpaHU, JOPU 3a IVIQJKKU JIECHU CTPAHWU.
B macrodmara cratus ce W3ydaBa AaCUMIITOTHYHOTO IIOBEJICHHE Ha
0b6obmenuTe pelrenus Ha 3aga4da PK B cunryagpraara Touka. Hamepenn
ca yCJIOBUsl 33 OPTOIOHAJHOCT HA (DYHKIMSATA B JsCHATA CTPAHA HA
YpaBHEHHUETO, KOUTO Ca HeO6XO,ZLI/IMI/I n JOCTaThbiHH 3a CbIIECTBYBaHe
Ha 00001IeHN pereHns ¢ 0coOOeHOCTH OT (PUKCUPAH Pejl.

Ts. Hristov, N. Popivanov, Singular Solutions to Protter’s Problem
for a Class of 3-D Weakly Hyperbolic Equations, Comptes rendus de
I’Académie bulgare des Sciences, 2007, Volume: 60, No. 7, Pages: 719-
724, ISSN (print): 1310-1331, ISSN (online): 2367-5535, IF(0.106
— 2007), Quartile: Q4(46/50 Multidisciplinary sciences, 2007
JCR-~-WoS), URL: http://www.proceedings.bas.bg/.

Pesrome. 1pe3 1952 romuna M. IIporep dopmysinpa rpannydnu 3ajia4u
3a XUMepOOTMIHN YPABHEHN s, KOUTO Ca TPUMEPHHU aHAJIO031 HA 33 a9aTa
wa JlapOy (mwim Komu-T'ypca) B pasuunara. Toif u3ydasa, cbino Taka
U I[OJ00HU 3aJa4u 3a cjJabo XUIepOOJUYHU YpaBHEHHS B TPUMEpPHA
00J1acT, OrpaHWYeHa OT JIBe XapaKTePUCTHYHH TOBBbPXHUHU X' U
Y5 m Kpwr 2. [dobpe m3BecTHO €, 4e 3a Oe3kpaeH Opoil TaaKn
JIECHU CTPaHU HAKOW OT 3ajadnTe Ha [Iporep HAMAT KIACHYECKH
pererns. [lomusanos m Schneider (1993) orkpuBarT TnpmunHaTa 32
TOBA: CBIIECTBYBAT OOODOINEHH PEIIEeHUs ChC CHIHA CTEIEeHHa 0COOEHOCT
BbPXY XapaKTepUCTUIHATa TOBbPXHHHA X5'. B HacTosdmmaTta craTusd
ca U3yYaBaHW TPAHUYHU 3329 3a CJIAOOXUIEPOOJTHUHN YpaBHEHHS, B
KONTO ce 3ajaBa yciaosue Ha Jlupuxise Bbpxy X7 M TPETO I'DAHUYHO
ycjaoBue BBbpPXY Yo : Uy + au = 0. IIpm onpenenenu ycmoBus 3a
MJIQITATE 9JIEHOBE B yPaBHEHWETO, MOKa3Bame, de 3a Bessko n € N
C'BIIECTBYBAT IVIQJIKHU JICCHH CTPAHHU, 38 KOUTO CHOTBETHOTO €IUHCTBEHO
06061eno pemenne uMa cuiHa crerenna ocobemoct (|z|? 4 tmF2)"n/2 g
Havas0ro O. MHTepecHo e, de Ta3u 0coOEHOCT € U30JUpaHa BbB BbpXa
O mHa XapakTepucTUYHATA TOBbPXHUHA 25"



[4]

5]

Ts. D. Hristov, N. I. Popivanov, M. Schneider, On the uniqueness
of generalized and quasi-regular solutions to equations of mixed type
in R3, Siberian Advances in Mathematics, 2011, Volume: 21, No.
4, Pages: 262-273, ISSN(print): 1055-1344, ISSN(online): 1934-
8126, doi:10.3103/S1055134411040043, SJR(0.169 — 2011), URL:
https://doi.org/10.3103/S1055134411040043.

Peztome. U3ciaenpanu ca HAKOM TPUMEPHH TPAHMYHU 3aJa49d 33
ypaBHEHHS OT CMECEeH THIl. 3a yPaBHEHWsI OT TUNA HA [ puUKOME
Te ca TPUMEDHM AaHAJIO03M Ha paBHHHATA 3adada Ha JlapOy (mam
Kommu-T'ypca). Tlomobun 3amaum 3a KjaacoBe XunepboaudHu, caabo
XUIIEepOOJUYHN YpaBHEHUs, & CBHIIO TaKa U 33 HAKOH XHUIEPOOJHIHO-
napaboJimdHu ypaBHeHHs ca (popmysupanu or M. Ilporep mpes 1952
roanHAa. 3a pa3/jnKa 0T KOPEKTHOCTTA Ha ABYyMepHaTa 3aja4a Ha Jlap0y,
HOBUTE TpUMEPpHH 3aJa4u Ca HEKOPEKTHH. B HaCTOAIlaTa CTaTHUA €
dopmysupana 1mog00HA TPUMEpPHA 3aja4a 3a ypaBHEHHWS OT THUIA Ha
Kemmumr. 3a ypaBHenust orT Tuna Ha TpukoMu m or Tuma zHa Kesgur
ca peduHupanu o0OOIIEHN U KBa3U-PeryasapHu periend. C momMornra Ha
HepaBeHCTBOTO Ha Xapau-CobosieB ca HaMEpPeHH JTOCTATHIHU YCJIOBHUS
3a eJIMHCTBEHOCT HA TAKWBa perneHus Ha 3amauute Ha [Iporep. Cbiro
TaKa, BIUAHHETO Ha MJIaAIIUTE YJI€HOBE B YpaBHCHUATA € U3CJI€ABaHO.

Ts. Hristov, N. Popivanov, M. Schneider, Quasi-regular solutions to a
class of 3D degenerating hyperbolic equations, AIP Conference Pro-
ceedings, 2012, Volume: 1497, Pages: 205-212, ISSN: 0094243X,
ISBN:978-0-7354-1111-1, doi: 10.1063/1.4766787, SJTR(0.176 — 2012),
URL:https://doi.org/10.1063/1.4766787.

Pestome. Ilpe3s mernecerte roamnum Ha MuHaamd Bek M. Ilporep
dbopMmyaupa TpUMEpHH TPAHUYHE 3aJa9d 3a YpaBHEHHUs OT THIIA Ha
Tpukomu. 3a xunepOOJIMIHO-€/TUNITHIHN YPABHEHUS T€ Ca MHOTOMEDHH
aHaJI03W Ha KJjacuyeckara 3ajada Ha [yjgepaun-Mopaser B paBHuHATA.
B To3m cayuait He e W3BeCTeH JOpWM €IWH MPUMED Ha HETPUBUAIHO
pellleHue Ha HOBaTa 3aJiada, HUTO OO pe3yJITaT 3a CbIEeCTBYBaHE.
TpyanocTyn BB3HUKBAT JIOPU NPHU U3CACIBAHETO HA TPAHUYHH 3aJIa9U
3a €j1a00 xuiepOOJIMYHN YPaBHEHUsI, PA3IJIeZKJ/IaHU B XUIEPOOIMYHATA
qacT Ha obsacrra. B To3m cayuait 3agaumre Ha [Iporep ca
TPUMEpPHM aHaj03u Ha paBHunuTe 3ajadn Ha Jlapdy wam Kormmn-
['ypca. MnaTepecHo e, de 3a pa3auKa OT JIBYMEpHHUTE CH AaHAJIO3H,
TPUMEpHHTE 3aJa9d He ca KopeKTHH. Hsakom ot 3amauute Ha I[Iporep
3a U3PAKJIAIIN Ce XUIEePOOJMIHN ypaBHeHus: 0€3 MJIa N 4ICHOBE WK
3a BBJIHOBOTO ypaBHeHHe mMaT Oe3kpaiinomepHu siapa. CjemoBaTeHo
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3a KJIAaCHYeCKaTa pa3pelImMOCT Ha TeXHUTE CIeprHaTH 3aJadd HMaT
Oe3kpaen Opoit ycjoBusl 3a oOpTOroHaJHOCT. VHTepecHo e jaJjiu,
JI00aBAKN  MJIAJIIKM  4YJICHOBE B ypPaBHEHHATA, MOTraT Ce II0jy4ar
pe3yJTaTH 3a €JUHCTBEHOCT Ha pellleHHsd. B Ta3u craTtus ca HaMepeHH
YCJIOBHS BbPXY KOe(PUIIUEHTUTE B YPABHEHUATA, IIPH KOUTO Ca MOy YCHU
pPe3yJITATH 3a eIUHCTBEHOCT Ha KBA3U-PETY/ISPHU PEIleHus HA HIKOH OT
3ajiauurte Ha llporep.

N. Popivanov, M. Schneider, Ts. Hristov, Protter problems for
3-D mixed type equations, Doklady AMAN, 2013, Volume: 15,
Issue: 2, Pages: 57-63, ISSN (print): 1726-9946, URL:
https://elibrary.ru/item.asp?id=21207839, Ref.

Pesrome. Pasriexaar ce 3anaun na [Iporep 3a ypaBHenus ot Tuia Ha
Tpurkomu u ot Tuna vHa Keggui. 3a ypaBHEHUS OT CMECEH THII OT MbPBU
poa Te ca BbBeJeHn or Ilporep, KaTo TpUMEpHH aHAJI03U HA paBHUHATA
3agada Ha ['yaepsm-Mopapen. B cratmsita ca gajeHn TOCTAHOBKH
Ha 3amadn Ha lIporep 3a ciaabo XunepOOIUYHU YpaBHEHHS OT THIIA
Ha Kempaumn, cbabpzkanm mMiaammnn wieHoe. [lagena e jpeduHuMms
Ha KBa3W-PeryjsgpHO pelieHne B JiBaTa Cjaydas - 3a ypaBHEHUS OT
tuna Ha Tpurommu m or Tmna Ha Kennum. Hamepenm ca mocrarbynn
VCJIOBHS 3a €IMHCTBEHOCT Ha TaKOBa pelleHue. Pasrieganu ca cbIIo
Taka CYIePKPUTHUHUS U KPUTHIHUS CAYYIad 38 HIKOHW IMOJYJIHHEHHN
ypaBHEHUS OT CMECeH THII U € YCTAHOBEHO HeCbHIeCTByBaHe Ha
HETPUBHAJIHO peIleHwme.

Ts. Hristov, N. Popivanov, M. Schneider, Generalized solutions to Prot-
ter problems for 3-D Keldysh type equations, AIP Conference Proceed-
ings, 2014, Volume: 1637: 10-th International Conference on Math-
ematical Problems in Engineering, Aerospace and Sciences: ICNPAA
2014, Narvik, Norway, Pages: 422-430, ISSN: 0094243X, ISBN: 978-
0-7354-1276-7, doi: 10.1063/1.4904607, SJR(0.171 — 2014), URL:
https://doi.org/10.1063,/1.4904607.

Pezrome. Pazriiexxjar ce HAKOM TPUMEDHHM I'DAHMYHU 33J@a4u 33
ypaBuenus ot tuna nHa Kemngum. [logobum 3anadm, Ho 3a ypaBHeHUs
or Tuna Ha Tpukomu ca dhopmyaupanu or M. [Iporep karo TpumepHu
aHaJI03u Ha paBHuHuTe 3aja4u Ha /lapby man Komu-I'ypca. 3Bectno
e, Je 3a Pa3auKa OT KOPeKTHOCTTa Ha JIBYMEDHHUTE 334, 3aJa9nTe Ha
[Iporep He ca kopekTHu. [TomuBanos, Schneider u Xpucros dopmyaupar
3ajiaua Ha [Iporep 3a ypaBHenus orT Tuna Ha KeJuil U IMOKa3BaT,
4e Td HE € KOPEKTHa, 3alll0TO XOMOI'eHHATa CIperfHara 3ajada nuMa
Oe3KpaifHO MHOTO HeTPUBHAJTHU KJIAaCH4YecKW peleHusd. B HacTosdmara
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crarusd e gedpbruHEpaAHO 000OIIEHO pelreHue Ha 3agadara Ha [Iporep 3a
TPUMEPHH CAMOCIIPErHATH YpaBHEHUs OT TUA Ha KeJiiuiil B criernua/ino
(GYHKIIMOHAIHO NPOCTPAHCTO ¢ Ternia. llosyuenn ca pe3yaratu 3a
CBIECTBYBaHEe U €INHCTBEHOCT HA TAKOBA PEIIeHHE.

Ts. Hristov, Singular solutions to Protter problem for Keldysh type equa-
tions, AIP Conference Proceedings, 2014, Volume: 1631, Pages: 255-
262, ISSN: 0094243X, ISBN: 978-0-7354-1270-5, doi: 10.1063/1.4902484,
SJR(0.171 - 2014), URL: https://doi.org/10.1063/1.4902484.

Pesrome. M3cnensana e TpuMepa IpaHHYa 3aa4a 33 CaAMOCHpPErHATH
ypaBHeHus oT Tuna Ha Kemaum. Pasriexkganara 3agada e HEKOPEKTHA,
3am0TO WMa Oe3kpaifHOMepHO KO-sijpo. B wHacrosimara cratusi e
MMOKA3aHO, 4e3a BCAKO N € N ChIecTByBa Iyajka JIsICHA CTPaHA f,, 3a
KOSITO CbOTBETHOTO €/IMHCTBEHO 00ODIIEHO PelTeHrne MMa, CHJIHA, CTETTEHHA
ocobenoct. Tasnm ocobeHOCT e m3oaupaHa BbB Bbpxa () Ha BBIPEIIHATA
XapaKTepUCTUIHA TOBbpXHUHA. [loIyueHa e TouHa allproOpHa OIeHKA 3a
000DIIEHOTO pelleHue.

Ts. Hristov, N. Popivanov, M. Schneider, Protter problem for 3-D
Keldysh type equations involving lower order terms, AIP Conference
Proceedings, 2015, Volume: 1690, Article number: 40020, Pages: 1-
12, ISSN: 0094243X, ISBN:978-0-7354-1337-5, doi: 10.1063/1.4936727,
SJR(0.180 — 2015), URL: https://doi.org/10.1063/1.4936727.

Pesrome. Pazryexiga ce TpuMepHa rpaHudHa 3ajada 3a ypaBHEHUS
or Tuna Ha Kenmuir, cbIbpKAIFE MJIAJINA 9YIeHOBE. 3ajladara
He e KOPEeKTHa, 3allloTO HMa Oe3KpailHOMepHO KO-sIpo. 3a Ja ce
n3bernar Oe3kpaiiHusT OpPOM yC/0BUs 338 OPTOrOHAJIHOCT, HEOOXOJMMU
3a KJIACHMYECKATa PAa3pEeIInMOCT, € BbBEIEeHO 0000IIeH0 pereHue. 3a
MaJIKu crenenn Ha uspaxkgane m € (0,1) pesyaratu 3a eJMHCTBEHOCT
U CbBINECTBYBaHe Ha TaKOBa pelleHue ca IojaydeHd, 0e3 jga ce
HaJIaraT YCJIOBHS 3a aHyJHpaHe Ha MJIAIIIATEe KOeHUIUEHTH BbPXY
mapaboJMIHATa YacT OT TpaHunara. 1o3m pe3yarar KOPEeCIOHIUpPa ¢
Taka HapedueHoTo ycaosue Ha [Iporep 3a TpumepuuTe 3a1aqn na [Iporep
3a ypaBHEHHS OT THIa Ha TPUKOMH.
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T. Hristov, A. Nikolov, N. Popivanov, M. Schneider, Generalized
Solutions of Protter Problem for (3+1)-D Keldysh Type Equa-
tions, AIP Conference Proceedings, 2016, Volume: 1789, Arti-
cle number: 40007, Pages: 1-13, ISSN: 0094243X, ISBN: 978-0-
7354-1453-2, doi: 10.1063/1.4968460, SJR(0.165 — 2016), URL:
https://doi.org/10.1063,/1.4968460.

Pe3iome. B cratngara ca uscaeaBanu 3ama4du Ha lIpotep 3a ypaBHeHHS
or tuna ua Kemmmm B RY [IbpBoHauaino TakuBa 3ajaud  Ca
dopmynupanu or M. Ilporep 3a ypaBHeHus OT THIa Ha [pPUKOMH.
JTobpe u3BecTHO €, 4de 3ajaunte Ha [Iporep 3a ypaBHEHUS MPOMEHSIIN
THIIA CHA OT T'bPBU THI Ca HEKOPEKTHW WM 33 TJIAJKU JeCHU CTDAHU
MOTaT JIa UMAaT CHHTYJISPHE 00001IeHn pemneHus. B HacTodmaTa cTaTus
e dopmyrupana 3amada Ha [Iporep 3a UYeTMpuMepHH ypaBHEHUS OT
Bropu THn (rTHna na Kesguin) u e mOKa3aHo, 4Ye [0 OTHOIICHHE
Ha KJIACHYecKaTa pa3permMocT 3ajiadara € HekopekTHa. /ledunupano
e 0000INEeHO pelleHHe B HOAXOJANI0 (PYHKIIMOHAIHO IIPOCTPAHCTBO.
[lonydenn ca pesyaTaTw 3a CHIIECTBYBaHE W €IMHCTBEHOCT HA TaKOBA
pellienre, KAaKTO W allPUOPHA OIEHKA 3a HeTO.

Ts. Hristov, A. Nikolov, Behaviour of Singular solutions to Protter prob-
lem for (3-+1)-D Keldysh type equations, Comptes rendus de I’ Académie
bulgare des Sciences, 2017, Volume: 70, No. 2, Pages: 167-174, ISSN
(print): 1310-1331, ISSN (online): 2367-5535, IF(0.27 —2017), Quar-
tile: Q4(62/64 Multidisciplinary sciences, 2017 JCR-WoS),
SJR(0.21 — 2017), URL: http://www.proceedings.bas.bg/.

Pestome. [Ipes 1952 M. IIporep dopmynupa HOBH I'DAHHYHU 319U
3a cjJab0 XunepOOJMYHU YpaBHEHHsS OT THIIA HA TPHKOMH, KOUTO Ca
MHOTOMEPHH aHAJO3M Ha paBHMHHaATa 3amada Ha Jlapby wmum Kormmn-
['ypca. Ilporep mzyuaBa Te3u 3asauyu B 00JIAaCT, OrpaHUYeHa OT JIBE
XapaKTEePUCTAYHN TOBBPXHUHWU W KPBbI, JIe)Kall B paBHUHATA HA
mapaboMIHO W3parkJIaHe Ha ypaBHeHusiTa. VI3BeCTHO e, 4e 3aaadnTe
Ha IIporep ca HEKOpPeKTHH M HAKOH OT TAX MMAT OOOOINEHH peIleHus
¢ 0COOEHOCTH, JIOPU 3a IVIQJIKH JeCHU cTpaHu. B HacTodmara craTus
e m3cje/BaHa 10M00Ha 3aga4a 3a (3+1)- MepHO ypaBHEHHE OT THIIA
Ha Kengumn B obsiact, anajsorndna Ha obsiactra Ha [Iporep. [Tokazano
e, dYe 3aJlauaTa € HEeKOPEeKTHa, 3all0TO nMa Oe3KpaitHOMEepHO KO-
sanapo. /leduHupano e moaxadamo o0000IIEeHO pelleHre B CIEIHAJTHO
(bDYHKIIMOHAJIHO MTPOCTPAHCTBO, 3a KOETO €a B CHJIA TEOpeMH 3a
cbliecTByBane u ejuncreenoct. [lojgodbno na ciaydasa na Tpukom, ToBa
0000IIIeHO pereHne MOYXKe J1a WMa, CHHTYJIAPHOCT, W30/MPAHA B €/IHA
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TOYKA OT TpaHHUIATa Ha 00JacTTa - BbpXa HAa XapPaAKTEPUCTHIHATA
nopbpxuuHa. [IpejcraBeno e acUMITOTUYHO pa3BUTHE Ha 0OOOIIEHOTO
pelenue B 0cobeHaTa TOYKa BbPXY Ta3u XapaKTePUCTUYHA IIOBbPXHUHA.

Ts. Hristov, Singular solutions to the Protter-Morawetz problem for
Keldysh-type equations involving lower order terms, AIP Conference
Proceedings, 2018, Volume: 2048, Article number: 040025, Pages: 1-
10, ISSN: 0094243X, ISBN: 978-0-7354-1774-8, doi: 10.1063/1.5082097,
SJR(0.182 — 2018), URL: https://doi.org/10.1063,/1.5082097.

Pestome. B crarmdara ce um3ciiegBa TpuMepHaTa 3ajada Ha lIporep-
Mopager 3a cjabo XunepOOJHMYHU ypaBHEeHHd OT THma Ha Kegunr,
chirbpKaly miaamu  dienoe. Ilojgobna 3ajiada 3a ypaBHEHHS OT
tuna Ha Tpukomu e mnpeioxkena or M. IIporep BBB Bpb3Ka C
JaByMepHaTa 3ajada Ha ['yaepsamn-Mopaperl, mMojgeaupalia CBpbX3BYKOB
norok. Pasriexkmanara B craThdTa 3ajgada Ha IIporep-Mopaser 3a
ypasuenud ot tuna Ha Kesaum ne e OpeaxoamMoBa 10 OTHOIIEHUE HA,
KJIACHYECKATa Pa3pelrmMoCcT, 3all0oTO UMa Oe3KpaillHOMEpPHO KO-sapo.
B macrogmara crarus ca HamMepeHH HOBH HETPHUBHAJIHHU DeEIIeHHs Ha
crperHaTaTa XOMOIeHHa 3ajada. Pasrienano e o600IieHo perienne, B
CHENUATHO (PYHKIMOHAJTHO MPOCTPAHCTBO, 32 KOETO Ca B CUJIA TEOPEMHU
3a CbIIECTBYBaHe W eIuHCTBeHOCT. Ilpm ompenenenu yciaoBusi BbpPXY
MJIAJIIATE YJIEHOBE Ca HaMepeHM TJIAJAKKA JeCHU CTPaHH, TaKHBA Ue
ChOTBETHHTE ODOOIIEHN pelleHnus] UMAT CHJIHU CTEINEeHHU OCOOEHOCTH.
WNuTepecHo e, de Te3m 0COOEHOCTH Ca W3OJUPAHH CaMO B €IHA TOUYKA
OT I'paHuIiaTa Ha OOJIACTTA, KOETO IIPaBU TO3U CJaydail pa3audeH OT
TPAJIMIIMOHHES CJIy4Yail 3a pasnpocTpaHeHHe Ha 0COOEHOCTHUTE.

Ts. Hristov, An innovative model for integrating electronic assessment
into differential equations education, ATP Conference Proceedings, 2018,
Volume: 2048, Article number: 020034, Pages: 1-8, ISSN: 0094243X,
ISBN: 978-0-7354-1774-8, doi: 10.1063/1.5082052, STR(0.182 — 2018),
URL: https://doi.org/10.1063/1.5082052.

Peziome. Crarusita e nocBereHa Ha €JEKTPOHHOTO OIEHSIBAHE, KATO
MoziepHa (popMa 3a OreHsdBaHe Ha 3HAHUATA U YMEHUATA Ha CTYJACHTHTE,
KOATO MOZKEe Jda 6rbﬂ6 UHTEerpupaHa B TPpaJduIIUOHHOTO O6yquI/Ie 10
MaTeMaTHKa, KOTaTo 9acT OT JeHHOCTUTE IO OIEHIBAHETO Ce H3BbPIIBAT
onstaiin. ToBa HaJiara U3MOJI3BAHETO HA A€KBATHA MEPKH 33 CUT'YPHOCT
M 3alldTa KaTo HAOpUMep pa3JndHu (HOPMH 3a HICHTU(MUKAIMSI Ha
CTyJEeHTHUTEC U IIPOBEPKa Ha aBTOPCTBOTO. B CTaTudTa Cce AUCKYTupar
Bb3MOKHOCTHTE W OIPDAHUYEHUATA TTPU U3MOJI3BaHETO Ha yeO-OazmpaHa
cucreMa 3a naeHTH(MUKAII Ha CTyAeHTH. /{0KIa/1Ba ce 3a eKCIIepUMEHT,



KoilTo Ge u3BbpiieH ¢ momomra Ha cucremara TeSLA (An Adap-
tive Trust-based e-assessment System for Learning) ¢ men ga ce
H3CAeIBAT CbINECTBYBAaIUTe HpoOJeMH W Ja Ce NPeIIoKaT HOBH
pellleHns B TEKYIIOTO €eJeKTPOHHO OIeHsBaHe IIpH OOYYeHHeTO II0
MaTeMaTnka. llpeacTtaBeH e Moes 3a eJeKTPOHHO OIEHSBAaHE B Kypca
no "udepeHnuaann ypaBHeHHsSI W NPHIOKeHUsT B OaKaaaBbpcKaTa
nporpama ’Codryepuo wumnxkenepcrBo’ B Codulickusi yHUBEpPCHUTET,
0a3upaH Ha JbJITOTOJMINHUSA ONUTA, KOUTO MMame B OOYYEHHETO IO
Tasu AUCHUIIMHA. [IpegcTaBeHnM ca W ca aHAJIW3HPAHW pE3yJITaTh
OT aHKeTHpaHe Ha CTYIeHH BbB Bpb3Ka H3IOJ3BaHUS cOopTyep 3a
unenTudukanug B cucremara TeSLA.
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2  Abstracts of the reviewed scientific pub-
lications

The scientific publications presented for participation in the competi-
tion do not repeat those presented for the acquiring of educational and
scientific degree "doctor".

N. Popivanov, Ts. Hristov, A. Nikolov, M. Schneider, On the exis-
tence and uniqueness of a generalized solution of the Protter problem
for (3+1) -D Keldysh-type equations, Boundary Value Problems, 2017,
Volume: 2017, Article number: 26 | Pages: 1-30, ISSN (online): 1687-
2770, doi: 10.1186/s13661-017-0757-1, IF(1.156 — 2017), Quartile:
Q1(51/310 Mathematics, 2017 JCR-WoS), STR(0.49 — 2017),
URL: https://doi.org/10.1186/s13661-017-0757-1.

Abstract. A (3 + 1)-dimensional boundary value problem for equa-
tions of Keldysh type (the second kind) is studied. Such problems for
equations of Tricomi type (the first kind) or for the wave equation were
formulated by M.H. Protter (1954) as multidimensional analogues of
Darboux or Cauchy-Goursat plane problems. Now, it is well known that
Protter problems are not correctly set, and they have singular general-
ized solutions, even for smooth right-hand sides. In this paper an ana-
logue of the Protter problem for equations of Keldysh type is given.
An appropriate generalized solution with possible singularity is defined.
Results for uniqueness and existence of such a generalized solution are
obtained. Some a priori estimates are stated.

N. Popivanov, Ts. Hristov, A. Nikolov, M. Schneider, Singular solutions
to a (3+1)-D Protter-Morawetz problem for Keldysh-type equations,
Advances in Mathematical Physics, 2017, Volume: 2017, Article num-
ber: 1571959, Pages: 1-16, ISSN (print): 1687-9120, ISSN (online):
1687-9139, doi: 10.1155/2017/1571959, IF(0.71 — 2017), Quartile:
Q4(48/55 Mathematical Physics, 2017 JCR-WoS), SJR(0.218
— 2017), URL: https://doi.org/10.1155/2017/1571959.

Abstract. We study a boundary value problem for (3 + 1)-D weakly
hyperbolic equations of Keldysh type (problem PK). The Keldysh-type
equations are known in some specific applications in plasma physics,
optics, and analysis on projective spaces. Problem PK is not well-posed
since it has infinite-dimensional cokernel. Actually, this problem is anal-
ogous to a similar one proposed by M. Protter in 1952, but for Tricomi-
type equations which, in part, are closely connected with transonic fluid
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dynamics.We consider a properly defined, in a special function space,
generalized solution to problem PK for which existence and uniqueness
theorems hold. It is known that it may have a strong power-type sin-
gularity at one boundary point even for very smooth right-hand sides
of the equation. In the present paper we study the asymptotic behavior
of the generalized solutions of problem PK at the singular point. There
are given orthogonality conditions on the right-hand side of the equa-
tion, which are necessary and sufficient for the existence of a generalized
solution with fixed order of singularity.

Ts. Hristov, N. Popivanov, Singular Solutions to Protter’s Problem
for a Class of 3-D Weakly Hyperbolic Equations, Comptes rendus de
I’Académie bulgare des Sciences, 2007, Volume: 60, No. 7, Pages: 719-
724, ISSN (print): 1310-1331, ISSN (online): 2367-5535, IF(0.106
— 2007), Quartile: Q4(46/50 Multidisciplinary sciences, 2007
JCR-WoS), URL: http://www.proceedings.bas.bg/.

Abstract. In 1952 M. Protter formulated some boundary value prob-
lems (BVP) for hyper- bolic equations which are three-dimensional ana-
logues of the Darboux problems (or Cauchy-Goursat problems) on the
plane. As well he studied such problems for weakly hyperbolic equations
in 3-D domain m, bounded by two characteristic surfaces X1* and X7
, and by a plane region Xj. Now, it is well known that, for the infi-
nite number of smooth functions in the right-hand side, some of Prot-
terl'fs problems do not have classical solutions. Popivanov and Schneider
(1993) found the reason of this fact in the case of DirichletI'fs condition
on Y: the strong power-type singularity appears in the generalized so-
lution on the characteristic surface 23" . In the present paper on weakly
hyperbolic equation involving lower order terms we study BVP, with the
DirichletIfs condition on 27", and third BV data on Xy : u; + au = 0.
Under some conditions on lower order terms we prove that for eachn € N
there exists a smooth right-hand side function f,, for which the corre-
sponding unique generalized solution has strong power type singularity
(|z|? + t™*2)="/2 at the point O. It is interesting that this singularity is
isolated at the vertex O of the characteristic surface X3 and does not
propagate along it.

Ts. D. Hristov, N. I. Popivanov, M. Schneider, On the uniqueness
of generalized and quasi-regular solutions to equations of mixed type
in R3, Siberian Advances in Mathematics, 2011, Volume: 21, No.
4, Pages: 262-273, ISSN(print): 1055-1344, ISSN(online): 1934-
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[5]

8126, d0i:10.3103/51055134411040043, SJR(0.169 — 2011), URL:
https://doi.org/10.3103/S1055134411040043.

Abstract. Some three-dimensional (3D) problems for mixed type equa-
tions of first and second kind are studied. For equation of Tricomi type,
they are 3D analogs of the Darboux (or Cauchy-Goursat) plane prob-
lem. Such type problems for a class of hyperbolic and weakly hyperbolic
equations as well as for some hyperbolic-elliptic equations are formu-
lated by M. Protter in 1952. In contrast to the well-posedness of the
Darboux problem in the 2D case, the new 3D problems are strongly ill-
posed. A similar statement of 3D problem for Keldysh-type equations is
also given. For mixed type equations of Tricomi and Keldysh type, we
introduce the notion of generalized or quasi-regular solutions and find
sufficient conditions for the uniqueness of such solutions to the Protter’s
problems. The dependence of lower order terms is also studied.

Ts. Hristov, N. Popivanov, M. Schneider, Quasi-regular solutions to a
class of 3D degenerating hyperbolic equations, AIP Conference Pro-
ceedings, 2012, Volume: 1497, Pages: 205-212, ISSN: 0094243X,
ISBN:978-0-7354-1111-1, doi: 10.1063/1.4766787, SJTR(0.176 — 2012),
URL:https://doi.org/10.1063/1.4766787

Abstract. In the fifties M. Protter stated new three-dimensional (3-D)
boundary value problems( BVP) for mixed type equations of first kind.
For hyperbolic-elliptic equations they are multidimensional analogue of
the classical two-dimensional (2-D) Morawetz-Guderley transonic prob-
lem. Up to now, in this case, not a single example of nontrivial solution
to the new problem, neither a general existence result is known. The
difficulties appear even for BVP in the hyperbolic part of the domain,
that were formulated by Protter for weakly hyperbolic equations. In
that case the Protter problems are 3D analogues of the plane Darboux
or Cauchy-Goursat problems. It is interesting that in contrast to the pla-
nar problems the new 3-D problems are strongly ill-posed. Some of the
Protter problems for degenerating hyperbolic equation without lower or-
der terms or even for the usual wave equation have infinite-dimensional
kernels. Therefore there are infinitely many orthogonality conditions for
classical solvability of their adjiont problems. So it is interesting to ob-
tain results for uniqueness of solutions adding first order terms in the
equation. In the present paper we do this and find conditions for coeffi-
cients under which we prove uniqueness of quasi-regular solutions to the
Protter problems.
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N. Popivanov, M. Schneider, Ts. Hristov, Protter problems for
3-D mixed type equations, Doklady AMAN, 2013, Volume: 15,
Issue: 2, Pages: 5763, ISSN (print): 1726-9946, URL:
https://elibrary.ru/item.asp?id—21207839, Ref.

Abstract. Protter problems for equations of Tricomi and Keldish type
are studied. For equation of mixed type of first kind they are intro-
duced by Protter as 3-D analogues of the Guderley-Morawetz plane
problem. Now we give statements of Protter problems for weakly hy-
perbolic equations of Keldish type. We give a notion for quasi-regular
solutions in booth cases of equations of Tricomi and Keldish type and
find sufficient conditions for uniqueness of such solutions to the Prot-
ter problems. Further, we study the supercritical and critical case for
some semi-linear mixed-type operators, and establish nonexistence of
nontrivial solutions.

Ts. Hristov, N. Popivanov, M. Schneider, Generalized solutions to Prot-
ter problems for 3-D Keldysh type equations, AIP Conference Proceed-
ings, 2014, Volume: 1637: 10-th International Conference on Math-
ematical Problems in Engineering, Aerospace and Sciences: ICNPAA
2014, Narvik, Norway, Pages: 422-430, [SSN: 0094243X, ISBN: 978-
0-7354-1276-7, doi: 10.1063/1.4904607, SJR(0.171 — 2014), URL:
https://doi.org/10.1063/1.4904607.

Abstract. Some three-dimensional boundary value problems for equa-
tions of Keldysh type are studied. Such type problems, but for equations
of Tricomi type are stated by M. H. Protter as 3-D analogues of Darboux
or Cauchy-Goursat plane problems. It is well known that in contrast of
well-posedness of 2-D problems, the Protter problems are strongly ill-
posed. T. Hristov, N. Popivanov and M. Schneider formulate Protter
problem for Keldysh type equations and show that it is not correctly
set since the homogeneous adjoint problem has infinitely many non-
trivial classical solutions. In the present paper a notion for generalized
solution to Protter problem for self-adjoint Keldysh type equations is in-
troduced. Further, results for existence and uniqueness of such solution
are obtained.

Ts. Hristov, Singular solutions to Protter problem for Keldysh type equa-
tions, AIP Conference Proceedings, 2014, Volume: 1631, Pages: 255-
262, ISSN: 0094243X, ISBN: 978-0-7354-1270-5, doi: 10.1063/1.4902484,
SJR(0.171 - 2014), URL: https://doi.org/10.1063/1.4902484.

Abstract. Three-dimensional boundary value problem for self-adjoint
equations of Keldysh type is studied. It is known that this problem is
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not well-posed, since it has infinite-dimensional co-kernel. In the present
paper it is shown that for n € N there exist a smooth right-hand side
function f,,, for which the corresponding unique generalized solution has
a strong power-type singularity. This singularity is isolated at the vertex
O of the inner characteristic surface and does not propagate along the
surface. As well as, an exact a priory estimate for unique generalized
solution is stated.

Ts. Hristov, N. Popivanov, M. Schneider, Protter problem for 3-D
Keldysh type equations involving lower order terms, AIP Conference
Proceedings, 2015, Volume: 1690, Article number: 40020, Pages: 1-
12, TSSN: 0094243X, ISBN:978-0-7354-1337-5, doi: 10.1063/1.4936727,
SJR(0.180 — 2015), URL: https://doi.org/10.1063/1.4936727.

Abstract. A three dimensional boundary value problem for equations of
Keldysh type involving lower order terms is studied. This problem is not
correctly set, since it has an infinite-dimensional co-kernel. In order to
avoid the infinite number of necessary conditions for classical solvability
a notion for generalized solution is given. For small power of degenera-
tion m € (0, 1) results of existence and uniqueness of such solution are
obtained, without supposing any vanishing conditions on parabolic part
of the boundary for first order terms. This result corresponds with so
called Protter condition for 3-D problems originally formulated by M.
Protter for Tricomi type equations.

T. Hristov, A. Nikolov, N. Popivanov, M. Schneider, Generalized
Solutions of Protter Problem for (3+1)-D Keldysh Type Equa-
tions, AIP Conference Proceedings, 2016, Volume: 1789, Arti-
cle number: 40007, Pages: 1-13, ISSN: 0094243X, ISBN: 978-0-
7354-1453-2, doi: 10.1063/1.4968460, SJR(0.165 — 2016), URL:
https://doi.org/10.1063/1.4968460.

Abstract. This paper deals with Protter problems for Keldysh type
equations in R*: Originally such type problems are formulated by M.
Protter for equations of Tricomi type. Now it is well known that Protter
problems for mixed type equations of the first kind are ill-posed and
for smooth right-hand side functions they have singular generalized so-
lutions. In the present paper Protter problem for equations of second
kind (Keldysh type) is formulated and it is shown that in the frame
of classical solvability this problem is not well posed. Further, a notion
for a generalized solution in suitable functional space is given. Results
for existence and uniqueness of generalized solution of the considered
problem are obtained. Some a priori estimates are stated.
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Ts. Hristov, A. Nikolov, Behaviour of Singular solutions to Protter prob-
lem for (3+1)-D Keldysh type equations, Comptes rendus de I’Académie
bulgare des Sciences, 2017, Volume: 70, No. 2, Pages: 167-174, ISSN
(print): 1310-1331, ISSN (online): 2367-5535, IF(0.27 —2017), Quar-
tile: Q4(62/64 Multidisciplinary sciences, 2017 JCR-WoS),
SJR(0.21 — 2017), URL: http://www.proceedings.bas.bg/.

Abstract. In 1952 M. Protter formulated some boundary value prob-
lems for weakly hyperbolic equations of Tricomi type, which are mul-
tidimensional analogues of the Darboux problems (or Cauchy-Goursat
problems) on the plane. Protter studied these problems in a domain,
bounded by two characteristic surfaces, and by a region lying in the
plane of parabolic degeneration of the equations. Now, it is well known
that Protter problems are not correctly set and some of them have sin-
gular generalized solutions, even for smooth right-hand sides. In the
present paper a similar problem for (3+1)-D Keldysh type equations in
a domain analogical to the Protter domain is considered. It is shown
that this problem is not well posed since it has infinite-dimensional co-
kernel. An appropriate generalized solution in a special function space
is defined where uniqueness and existence theorems hold. Similarly to
the Tricomi case, this generalized solution is allowed to have singularity
isolated at one boundary point — vertex of a characteristic surface. An
asymptotic expansion of the generalized solution on this characteristic
surface is given.

Ts. Hristov, Singular solutions to the Protter-Morawetz problem for
Keldysh-type equations involving lower order terms, AIP Conference
Proceedings, 2018, Volume: 2048, Article number: 040025, Pages: 1-
10, ISSN: 0094243X, ISBN: 978-0-7354-1774-8, doi: 10.1063/1.5082097,
SJR(0.182 — 2018), URL: https://doi.org/10.1063/1.5082097.

Abstract. The three-dimensional Protter-Morawetz problem for weakly
hyperbolic equations of Keldysh type involving lower order terms is stud-
ied. Similar problem for Tricomi-type equations was proposed by M.
Protter in connection with the Guderley- Morawetz plane problem that
models the transonic flow phenomena. The considered Protter-Morawetz
problem for Keldysh-type equations is not Fredholm in the frame of
classical solvability, because it has infinite-dimensional co-kernel. In the
present paper new nontrivial classical solutions to the homogeneous ad-
joint problem are found. Further, a generalized solution to the formu-
lated problem is considered, in a special function space, for which ex-
istence and uniqueness theorems hold. Under some conditions on lower
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order terms smooth right-hand side functions are found, such that the
corresponding generalized solutions have strong power type singularities.
It is interesting that these singularities are isolated at only one bound-
ary point, which makes this case different from the traditional case on
the propagation of singularity.

Ts. Hristov, An innovative model for integrating electronic assessment
into differential equations education, AIP Conference Proceedings, 2018,
Volume: 2048, Article number: 020034, Pages: 1-8, ISSN: 0094243X,
ISBN: 978-0-7354-1774-8, doi: 10.1063/1.5082052, STR(0.182 — 2018),
URL: https://doi.org/10.1063/1.5082052.

Abstract. Electronic assessment is a modern form of assessment of
students’ knowledge and skills that can be integrated into traditional
mathematics education when some of the assessment activities are done
online. However, this requires the use of adequate security and pro-
tection measures such as various forms for student identification and
authorship verification. This article discusses the possibilities and lim-
itations of using a web-based student identification system in mathe-
matics education. We report on the experiment that was conducted in
the frame of TeSLA (An Adaptive Trustbased e-assessment System for
Learning) project to explore existing problems and to offer new solutions
in continuous eassessment especially in differential equation education.
We present an innovative model for e-assessment in the course "Differ-
ential equations and applications” in the bachelor program “Software
engineering” at Sofia University, based on the long experience we have
in the education in this discipline. Some results of a survey of the stu-
dents opinion in relation to the TeSLA identification software used are
presented and analyzed.
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