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1 Ðåçþìåòà íà ðåöåíçèðàíèòå ïóáëèêàöèè

Çà ó÷àñòèå â êîíêóðñà ñà ïðåäñòàâåíè íàó÷íè ïóáëèêàöèè, êîèòî íå
ïîâòàðÿò ïðåäñòàâåíèòå çà ïðèäîáèâàíå íà îáðàçîâàòåëíàòà è íàó÷íà
ñòåïåí �äîêòîð�.

[1] 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), SJR(0.49 � 2017),
URL: https://doi.org/10.1186/s13661-017-0757-1.

Ðåçþìå. Â ñòàòèÿòà ñå èçó÷àâà (3 + 1) - ìåðíà ãðàíè÷íà çàäà÷à
çà óðàâíåíèÿ îò òèïà íà Êåëäèø (ïúðâè òèï). Ïîäîáíè çàäà÷è
çà óðàâíåíèÿ îò òèïà íà Òðèêîìè (âòîðè òèï) èëè çà âúëíîâîòî
óðàâíåíèå ñà ôîðìóëèðàíè îò Ì. Ïðîòåð (1954) êàòî ìíîãîìåðíè
àíàëîçè íà ðàâíèííèòå çàäà÷è íà Äàðáó èëè Êîøè-Ãóðñà. Äíåñ
å äîáðå èçâåñòíî, ÷å çàäà÷èòå íà Ïðîòåð íå ñà êîðåêòíè è òå
èìàò ñèíãóëÿðíè îáîáùåíè ðåøåíèÿ, äîðè çà ãëàäêè äåñíè ñòðàíè.
Â íàñòîÿùàòà ñòàòèÿ å ôîðìóëèðàíà àíàëîãè÷íà ãðàíè÷íà çàäà÷à
çà ÷åòèðèìåðíè óðàâíåíèÿ îò òèïà íà Êåëäèø. Äåôèíèðàíî å
ïîäõîäÿùî îáîáùåíî ðåøåíèå ñ âúçìîæíà ñèíãóëÿðíîñò. Ïîëó÷åíè
ñà ðåçóëòàòè çà ñúùåñòâóâàíå è åäèíñòâåíîñò íà òàêîâà ðåøåíèå.
Óñòàíîâåíè ñà àïðèðîíè îöåíêè, êîèòî ïîêàçâàò, êàêúâ å ðåäà
íà âúçìîæíàòà ñèíãóëÿðíîñò, êîãàòî äÿñíàòà ñòðàíà å îáîáùåí
õàðìîíè÷åí ïîëèíîì.

[2] 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.

Ðåçþìå. Â ñòàòèÿòà ñå èçñëåäâà (3 + 1) - ìåðíà ãðàíè÷íà çàäà÷à
çà ñëàáî õèïåðáîëè÷íè óðàâíåíèÿ îò òèïà íà Êåëäèø (Çàäà÷à
PK). Óðàâíåíèÿòà îò òèïà íà Êåëäèø ñà èçâåñòíè ñ ðåäèöà
ñïåöèôè÷íè ïðèëîæåíèÿ âúâ ôèçèêà íà ïëàçìàòà, îïòèêàòà è
àíàëèçà íà ïðîåêòèâíè ïðîñòðàíñòâà. Çàäà÷àòà PK íå å êîðåêòíà,
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çàùîòî èìà áåçêðàéíîìåðíî êî-ÿäðî. Âñúùíîñò, òÿ å àíàëîã íà
ãðàíè÷íà çàäà÷à çà óðàâíåíèÿ îò òèïà íà Òðèêîìè, êîÿòî å
ôîðìóëèðàíà îò Ì. Ïðîòåð ïðåç 1952 ãîäèíà è å òÿñíî ñâúðçàíà
ñ ïðîöåñè â îêîëîçâóêîâàòà äèíàìèêà. Íèå ðçãëåæäàìå îáîáùåíè
ðåøåíèÿ íà çàäà÷àòà PK, äåôèíèðàíè â ñïåöèàëíî ôóíêöèîíàëíî
ïðîñòðàíñòâî, çà êîèòî ñà ñèëà òåîðåìè çà ñúùåñòâóâàíå è
åäèíñòâåíîñò. Äîáðå èçâåñòíî å, ÷å òåçè ðåøåíèÿ ìîãàò äà
èìàò ñèëíà ñòåïåííà îñîáåíîñò â åäíà òî÷êà îò ãðàíèöàòà íà
îáëàñòòà, â êîÿòî ñà äåôèíèðàíè, äîðè çà ãëàäêè äåñíè ñòðàíè.
Â íàñòîÿùàòà ñòàòèÿ ñå èçó÷àâà àñèìïòîòè÷íîòî ïîâåäåíèå íà
îáîáùåíèòå ðåøåíèÿ íà çàäà÷à PK â ñèíãóëÿðíàòà òî÷êà. Íàìåðåíè
ñà óñëîâèÿ çà îðòîãîíàëíîñò íà ôóíêöèÿòà â äÿñíàòà ñòðàíà íà
óðàâíåíèåòî, êîèòî ñà íåîáõîäèìè è äîñòàòú÷íè çà ñúùåñòâóâàíå
íà îáîáùåíè ðåøåíèÿ ñ îñîáåíîñòè îò ôèêñèðàí ðåä.

[3] Ts. Hristov, N. Popivanov, Singular Solutions to Protter's Problem
for a Class of 3-D Weakly Hyperbolic Equations, Comptes rendus de
l'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/.

Ðåçþìå. Ïðåç 1952 ãîäèíà Ì. Ïðîòåð ôîðìóëèðà ãðàíè÷íè çàäà÷è
çà õèïåðáîëè÷íè óðàâíåíèÿ, êîèòî ñà òðèìåðíè àíàëîçè íà çàäà÷àòà
íà Äàðáó (èëè Êîøè-Ãóðñà) â ðàâíèíàòà. Òîé èçó÷àâà, ñúùî òàêà
è ïîäîáíè çàäà÷è çà ñëàáî õèïåðáîëè÷íè óðàâíåíèÿ â òðèìåðíà
îáëàñò, îãðàíè÷åíà îò äâå õàðàêòåðèñòè÷íè ïîâúðõíèíè Σm

1 è
Σm

2 è êðúã Σ0. Äîáðå èçâåñòíî å, ÷å çà áåçêðàåí áðîé ãëàäêè
äåñíè ñòðàíè íÿêîè îò çàäà÷èòå íà Ïðîòåð íÿìàò êëàñè÷åñêè
ðåøåíèÿ. Ïîïèâàíîâ è Schneider (1993) îòêðèâàò ïðè÷èíàòà çà
òîâà: ñúùåñòâóâàò îáîáùåíè ðåøåíèÿ ñúñ ñèëíà ñòåïåííà îñîáåíîñò
âúðõó õàðàêòåðèñòè÷íàòà ïîâúðõíèíà Σm

2 . Â íàñòîÿùàòà ñòàòèÿ
ñà èçó÷àâàíè ãðàíè÷íè çàäà÷è çà ñëàáîõèïåðáîëè÷íè óðàâíåíèÿ, â
êîèòî ñå çàäàâà óñëîâèå íà Äèðèõëå âúðõó Σm

1 è òðåòî ãðàíè÷íî
óñëîâèå âúðõó Σ0 : ut + αu = 0. Ïðè îïðåäåëåíè óñëîâèÿ çà
ìëàäøèòå ÷ëåíîâå â óðàâíåíèåòî, ïîêàçâàìå, ÷å çà âñÿêî n ∈ N
ñúùåñòâóâàò ãëàäêè äåñíè ñòðàíè, çà êîèòî ñúîòâåòíîòî åäèíñòâåíî
îáîáùåíî ðåøåíèå èìà ñèëíà ñòåïåííà îñîáåíîñò (|x|2 + tm+2)−n/2 â
íà÷àëîòî O. Èíòåðåñíî å, ÷å òàçè îñîáåíîñò å èçîëèðàíà âúâ âúðõà
O íà õàðàêòåðèñòè÷íàòà ïîâúðõíèíà Σm

2 .
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[4] 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.

Ðåçþìå. Èçñëåäâàíè ñà íÿêîè òðèìåðíè ãðàíè÷íè çàäà÷è çà
óðàâíåíèÿ îò ñìåñåí òèï. Çà óðàâíåíèÿ îò òèïà íà Òðèêîìè
òå ñà òðèìåðíè àíàëîçè íà ðàâíèíàòà çàäà÷à íà Äàðáó (èëè
Êîøè-Ãóðñà). Ïîäîáíè çàäà÷è çà êëàñîâå õèïåðáîëè÷íè, ñëàáî
õèïåðáîëè÷íè óðàâíåíèÿ, à ñúùî òàêà è çà íÿêîè õèïåðáîëè÷íî-
ïàðàáîëè÷íè óðàâíåíèÿ ñà ôîðìóëèðàíè îò Ì. Ïðîòåð ïðåç 1952
ãîäèíà. Çà ðàçëèêà îò êîðåêòíîñòòà íà äâóìåðíàòà çàäà÷à íà Äàðáó,
íîâèòå òðèìåðíè çàäà÷è ñà íåêîðåêòíè. Â íàñòîÿùàòà ñòàòèÿ å
ôîðìóëèðàíà ïîäîáíà òðèìåðíà çàäà÷à çà óðàâíåíèÿ îò òèïà íà
Êåëäèø. Çà óðàâíåíèÿ îò òèïà íà Òðèêîìè è îò òèïà íà Êåëäèø
ñà äåôèíèðàíè îáîáùåíè è êâàçè-ðåãóëÿðíè ðåøåíè. Ñ ïîìîùòà íà
íåðàâåíñòâîòî íà Õàðäè-Ñîáîëåâ ñà íàìåðåíè äîñòàòú÷íè óñëîâèÿ
çà åäèíñòâåíîñò íà òàêèâà ðåøåíèÿ íà çàäà÷èòå íà Ïðîòåð. Ñúùî
òàêà, âëèÿíèåòî íà ìëàäøèòå ÷ëåíîâå â óðàâíåíèÿòà å èçñëåäâàíî.

[5] 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, SJR(0.176 � 2012),
URL:https://doi.org/10.1063/1.4766787.

Ðåçþìå. Ïðåç ïåòäåñåòòå ãîäèíè íà ìèíàëèÿ âåê Ì. Ïðîòåð
ôîðìóëèðà òðèìåðíè ãðàíè÷íè çàäà÷è çà óðàâíåíèÿ îò òèïà íà
Òðèêîìè. Çà õèïåðáîëè÷íî-åëèïòè÷íè óðàâíåíèÿ òå ñà ìíîãîìåðíè
àíàëîçè íà êëàñè÷åñêàòà çàäà÷à íà Ãóäåðëè-Ìîðàâåö â ðàâíèíàòà.
Â òîçè ñëó÷àé íå å èçâåñòåí äîðè åäèí ïðèìåð íà íåòðèâèàëíî
ðåøåíèå íà íîâàòà çàäà÷à, íèòî îáù ðåçóëòàò çà ñúùåñòâóâàíå.
Òðóäíîñòè âúçíèêâàò äîðè ïðè èçñëåäâàíåòî íà ãðàíè÷íè çàäà÷è
çà ñëàáî õèïåðáîëè÷íè óðàâíåíèÿ, ðàçãëåæäàíè â õèïåðáîëè÷íàòà
÷àñò íà îáëàñòòà. Â òîçè ñëó÷àé çàäà÷èòå íà Ïðîòåð ñà
òðèìåðíè àíàëîçè íà ðàâíèíèòå çàäà÷è íà Äàðáó èëè Êîøè-
Ãóðñà. Èíòåðåñíî å, ÷å çà ðàçëèêà îò äâóìåðíèòå ñè àíàëîçè,
òðèìåðíèòå çàäà÷è íå ñà êîðåêòíè. Íÿêîè îò çàäà÷èòå íà Ïðîòåð
çà èçðàæäàùè ñå õèïåðáîëè÷íè óðàâíåíèÿ áåç ìëàäøè ÷ëåíîâå èëè
çà âúëíîâîòî óðàâíåíèå èìàò áåçêðàéíîìåðíè ÿäðà. Ñëåäîâàòåëíî
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çà êëàñè÷åñêàòà ðàçðåøèìîñò íà òåõíèòå ñïåðãíàòè çàäà÷è èìàò
áåçêðàåí áðîé óñëîâèÿ çà îðòîãîíàëíîñò. Èíòåðåñíî å äàëè,
äîáàâÿéêè ìëàäøè ÷ëåíîâå â óðàâíåíèÿòà, ìîãàò ñå ïîëó÷àò
ðåçóëòàòè çà åäèíñòâåíîñò íà ðåøåíèÿ. Â òàçè ñòàòèÿ ñà íàìåðåíè
óñëîâèÿ âúðõó êîåôèöèåíòèòå â óðàâíåíèÿòà, ïðè êîèòî ñà ïîëó÷åíè
ðåçóëòàòè çà åäèíñòâåíîñò íà êâàçè-ðåãóëÿðíè ðåøåíèÿ íà íÿêîè îò
çàäà÷èòå íà Ïðîòåð.

[6] 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.

Ðåçþìå. Ðàçãëåæäàò ñå çàäà÷è íà Ïðîòåð çà óðàâíåíèÿ îò òèïà íà
Òðèêîìè è îò òèïà íà Êåëäèø. Çà óðàâíåíèÿ îò ñìåñåí òèï îò ïúðâè
ðîä òå ñà âúâåäåíè îò Ïðîòåð, êàòî òðèìåðíè àíàëîçè íà ðàâíèíàòà
çàäà÷à íà Ãóäåðëè-Ìîðàâåö. Â ñòàòèÿòà ñà äàäåíè ïîñòàíîâêè
íà çàäà÷è íà Ïðîòåð çà ñëàáî õèïåðáîëè÷íè óðàâíåíèÿ îò òèïà
íà Êåëäèø, ñúäúðæàùè ìëàäøè ÷ëåíîâå. Äàäåíà å äåôèíèöèÿ
íà êâàçè-ðåãóëÿðíî ðåøåíèå â äâàòà ñëó÷àÿ - çà óðàâíåíèÿ îò
òèïà íà Òðèêîìè è îò òèïà íà Êåëäèø. Íàìåðåíè ñà äîñòàòú÷íè
óñëîâèÿ çà åäèíñòâåíîñò íà òàêîâà ðåøåíèå. Ðàçãëåäàíè ñà ñúùî
òàêà ñóïåðêðèòè÷íèÿ è êðèòè÷íèÿ ñëó÷àè çà íÿêîè ïîëóëèíåéíè
óðàâíåíèÿ îò ñìåñåí òèï è å óñòàíîâåíî íåñúùåñòâóâàíå íà
íåòðèâèàëíî ðåøåíèå.

[7] 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.

Ðåçþìå. Ðàçãëåæäàò ñå íÿêîè òðèìåðíè ãðàíè÷íè çàäà÷è çà
óðàâíåíèÿ îò òèïà íà Êåëäèø. Ïîäîáíè çàäà÷è, íî çà óðàâíåíèÿ
îò òèïà íà Òðèêîìè ñà ôîðìóëèðàíè îò Ì. Ïðîòåð êàòî òðèìåðíè
àíàëîçè íà ðàâíèíèòå çàäà÷è íà Äàðáó èëè Êîøè-Ãóðñà. Èçâåñòíî
å, ÷å çà ðàçëèêà îò êîðåêòíîñòòà íà äâóìåðíèòå çàäà÷è, çàäà÷èòå íà
Ïðîòåð íå ñà êîðåêòíè. Ïîïèâàíîâ, Schneider è Õðèñòîâ ôîðìóëèðàò
çàäà÷à íà Ïðîòåð çà óðàâíåíèÿ îò òèïà íà Êåëäèø è ïîêàçâàò,
÷å òÿ íå å êîðåêòíà, çàùîòî õîìîãåííàòà ñïðåãíàòà çàäà÷à èìà
áåçêðàéíî ìíîãî íåòðèâèàëíè êëàñè÷åñêè ðåøåíèÿ. Â íàñòîÿùàòà
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ñòàòèÿ å äåôèíèðàíî îáîáùåíî ðåøåíèå íà çàäà÷àòà íà Ïðîòåð çà
òðèìåðíè ñàìîñïðåãíàòè óðàâíåíèÿ îò òèïà íà Êåëäèø â ñïåöèàëíî
ôóíêöèîíàëíî ïðîñòðàíñòî ñ òåãëà. Ïîëó÷åíè ñà ðåçóëòàòè çà
ñúùåñòâóâàíå è åäèíñòâåíîñò íà òàêîâà ðåøåíèå.

[8] 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.

Ðåçþìå. Èçñëåäâàíà å òðèìåðà ãðàíè÷à çàäà÷à çà ñàìîñïðåãíàòè
óðàâíåíèÿ îò òèïà íà Êåëäèø. Ðàçãëåæäàíàòà çàäà÷à å íåêîðåêòíà,
çàùîòî èìà áåçêðàéíîìåðíî êî-ÿäðî. Â íàñòîÿùàòà ñòàòèÿ å
ïîêàçàíî, ÷åçà âñÿêî n ∈ N ñúùåñòâóâà ãëàäêà äÿñíà ñòðàíà fn, çà
êîÿòî ñúîòâåòíîòî åäèíñòâåíî îáîáùåíî ðåøåíèå èìà ñèëíà ñòåïåííà
îñîáåíîñò. Òàçè îñîáåíîñò å èçîëèðàíà âúâ âúðõà O íà âúòðåøíàòà
õàðàêòåðèñòè÷íà ïîâúðõíèíà. Ïîëó÷åíà å òî÷íà àïðèîðíà îöåíêà çà
îáîáùåíîòî ðåøåíèå.

[9] 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.

Ðåçþìå. Ðàçãëåæäà ñå òðèìåðíà ãðàíè÷íà çàäà÷à çà óðàâíåíèÿ
îò òèïà íà Êåëäèø, ñúäúðæàùè ìëàäøè ÷ëåíîâå. Çàäà÷àòà
íå å êîðåêòíà, çàùîòî èìà áåçêðàéíîìåðíî êî-ÿäðî. Çà äà ñå
èçáåãíàò áåçêðàéíèÿò áðîé óñëîâèÿ çà îðòîãîíàëíîñò, íåîáõîäèìè
çà êëàñè÷åñêàòà ðàçðåøèìîñò, å âúâåäåíî îáîáùåíî ðåøåíèå. Çà
ìàëêè ñòåïåíè íà èçðàæäàíå m ∈ (0, 1) ðåçóëòàòè çà åäèíñòâåíîñò
è ñúùåñòâóâàíå íà òàêîâà ðåøåíèå ñà ïîëó÷åíè, áåç äà ñå
íàëàãàò óñëîâèÿ çà àíóëèðàíå íà ìëàäøèòå êîåôèöèåíòè âúðõó
ïàðàáîëè÷íàòà ÷àñò îò ãðàíèöàòà. Òîçè ðåçóëòàò êîðåñïîíäèðà ñ
òàêà íàðå÷åíîòî óñëîâèå íà Ïðîòåð çà òðèìåðíèòå çàäà÷è íà Ïðîòåð
çà óðàâíåíèÿ îò òèïà íà Òðèêîìè.
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[10] 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.

Ðåçþìå. Â ñòàòèÿòà ñà èçñëåäâàíè çàäà÷è íà Ïðîòåð çà óðàâíåíèÿ
îò òèïà íà Êåëäèø â R4. Ïúðâîíà÷àëíî òàêèâà çàäà÷è ñà
ôîðìóëèðàíè îò Ì. Ïðîòåð çà óðàâíåíèÿ îò òèïà íà Òðèêîìè.
Äîáðå èçâåñòíî å, ÷å çàäà÷èòå íà Ïðîòåð çà óðàâíåíèÿ ïðîìåíÿùè
òèïà ñè îò ïúðâè òèï ñà íåêîðåêòíè è çà ãëàäêè äåñíè ñòðàíè
ìîãàò äà èìàò ñèíãóëÿðíè îáîáùåíè ðåøåíèÿ. Â íàñòîÿùàòà ñòàòèÿ
å ôîðìóëèðàíà çàäà÷à íà Ïðîòåð çà ÷åòèðèìåðíè óðàâíåíèÿ îò
âòîðè òèï (òèïà íà Êåëäèø) è å ïîêàçàíî, ÷å ïî îòíîøåíèå
íà êëàñè÷åñêàòà ðàçðåøèìîñò çàäà÷àòà å íåêîðåêòíà. Äåôèíèðàíî
å îáîáùåíî ðåøåíèå â ïîäõîäÿùî ôóíêöèîíàëíî ïðîñòðàíñòâî.
Ïîëó÷åíè ñà ðåçóëòàòè çà ñúùåñòâóâàíå è åäèíñòâåíîñò íà òàêîâà
ðåøåíèå, êàêòî è àïðèîðíà îöåíêà çà íåãî.

[11] Ts. Hristov, A. Nikolov, Behaviour of Singular solutions to Protter prob-
lem for (3+1)-D Keldysh type equations, Comptes rendus de l'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/.

Ðåçþìå. Ïðåç 1952 Ì. Ïðîòåð ôîðìóëèðà íîâè ãðàíè÷íè çàäà÷è
çà ñëàáî õèïåðáîëè÷íè óðàâíåíèÿ îò òèïà íà Òðèêîìè, êîèòî ñà
ìíîãîìåðíè àíàëîçè íà ðàâíèííàòà çàäà÷à íà Äàðáó èëè Êîøè-
Ãóðñà. Ïðîòåð èçó÷àâà òåçè çàäà÷è â îáëàñò, îãðàíè÷åíà îò äâå
õàðàêòåðèñòè÷íè ïîâúðõíèíè è êðúã, ëåæàù â ðàâíèíàòà íà
ïàðàáîëè÷íî èçðàæäàíå íà óðàâíåíèÿòà. Èçâåñòíî å, ÷å çàäà÷èòå
íà Ïðîòåð ñà íåêîðåêòíè è íÿêîè îò òÿõ èìàò îáîáùåíè ðåøåíèÿ
ñ îñîáåíîñòè, äîðè çà ãëàäêè äåñíè ñòðàíè. Â íàñòîÿùàòà ñòàòèÿ
å èçñëåäâàíà ïîäîáíà çàäà÷à çà (3+1)- ìåðíî óðàâíåíèå îò òèïà
íà Êåëäèø â îáëàñò, àíàëîãè÷íà íà îáëàñòòà íà Ïðîòåð. Ïîêàçàíî
å, ÷å çàäà÷àòà å íåêîðåêòíà, çàùîòî èìà áåçêðàéíîìåðíî êî-
ÿäðî. Äåôèíèðàíî å ïîäõäÿùî îáîáùåíî ðåøåíèå â ñïåöèàëíî
ôóíêöèîíàëíî ïðîñòðàíñòâî, çà êîåòî ñà â ñèëà òåîðåìè çà
ñúùåñòâóâàíå è åäèíñòâåíîñò. Ïîäîáíî íà ñëó÷àÿ íà Òðèêîì, òîâà
îáîáùåíî ðåøåíèå ìîæå äà èìà ñèíãóëÿðíîñò, èçîëèðàíà â åäíà
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òî÷êà îò ãðàíèöàòà íà îáëàñòòà - âúðõà íà õàðàêòåðèñòè÷íàòà
ïîâúðõíèíà. Ïðåäñòàâåíî å àñèìïòîòè÷íî ðàçâèòèå íà îáîáùåíîòî
ðåøåíèå â îñîáåíàòà òî÷êà âúðõó òàçè õàðàêòåðèñòè÷íà ïîâúðõíèíà.

[12] 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.

Ðåçþìå. Â ñòàòèÿòà ñå èçñëåäâà òðèìåðíàòà çàäà÷à íà Ïðîòåð-
Ìîðàâåö çà ñëàáî õèïåðáîëè÷íè óðàâíåíèÿ îò òèïà íà Êåëäèø,
ñúäúðæàùè ìëàäøè ÷ëåíîâå. Ïîäîáíà çàäà÷à çà óðàâíåíèÿ îò
òèïà íà Òðèêîìè å ïðåäëîæåíà îò Ì. Ïðîòåð âúâ âðúçêà ñ
äâóìåðíàòà çàäà÷à íà Ãóäåðëè-Ìîðàâåö, ìîäåëèðàùà ñâðúõçâóêîâ
ïîòîê. Ðàçãëåæäàíàòà â ñòàòèÿòà çàäà÷à íà Ïðîòåð-Ìîðàâåö çà
óðàâíåíèÿ îò òèïà íà Êåëäèø íå å Ôðåäõîëìîâà ïî îòíîøåíèå íà
êëàñè÷åñêàòà ðàçðåøèìîñò, çàùîòî èìà áåçêðàéíîìåðíî êî-ÿäðî.
Â íàñòîÿùàòà ñòàòèÿ ñà íàìåðåíè íîâè íåòðèâèàëíè ðåøåíèÿ íà
ñïðåãíàòàòà õîìîãåííà çàäà÷à. Ðàçãëåäàíî å îáîáùåíî ðåøåíèå, â
ñïåöèàëíî ôóíêöèîíàëíî ïðîñòðàíñòâî, çà êîåòî ñà â ñèëà òåîðåìè
çà ñúùåñòâóâàíå è åäèíñòâåíîñò. Ïðè îïðåäåëåíè óñëîâèÿ âúðõó
ìëàäøèòå ÷ëåíîâå ñà íàìåðåíè ãëàäêè äåñíè ñòðàíè, òàêèâà ÷å
ñúîòâåòíèòå îáîáùåíè ðåøåíèÿ èìàò ñèëíè ñòåïåííè îñîáåíîñòè.
Èíòåðåñíî å, ÷å òåçè îñîáåíîñòè ñà èçîëèðàíè ñàìî â åäíà òî÷êà
îò ãðàíèöàòà íà îáëàñòòà, êîåòî ïðàâè òîçè ñëó÷àé ðàçëè÷åí îò
òðàäèöèîííèÿ ñëó÷àé çà ðàçïðîñòðàíåíèå íà îñîáåíîñòèòå.

[13] Ts. Hristov, An innovative model for integrating electronic assessment
into di�erential 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, SJR(0.182 � 2018),
URL: https://doi.org/10.1063/1.5082052.

Ðåçþìå. Ñòàòèÿòà å ïîñâåòåíà íà åëåêòðîííîòî îöåíÿâàíå, êàòî
ìîäåðíà ôîðìà çà îöåíÿâàíå íà çíàíèÿòà è óìåíèÿòà íà ñòóäåíòèòå,
êîÿòî ìîæå äà áúäå èíòåãðèðàíà â òðàäèöèîííîòî îáó÷åíèå ïî
ìàòåìàòèêà, êîãàòî ÷àñò îò äåéíîñòèòå ïî îöåíÿâàíåòî ñå èçâúðøâàò
îíëàéí. Òîâà íàëàãà èçïîëçâàíåòî íà àäåêâàòíè ìåðêè çà ñèãóðíîñò
è çàùèòà êàòî íàïðèìåð ðàçëè÷íè ôîðìè çà èäåíòèôèêàöèÿ íà
ñòóäåíòèòå è ïðîâåðêà íà àâòîðñòâîòî. Â ñòàòèÿòà ñå äèñêóòèðàò
âúçìîæíîñòèòå è îãðàíè÷åíèÿòà ïðè èçïîëçâàíåòî íà óåá-áàçèðàíà
ñèñòåìà çà èäåíòèôèêàöèÿ íà ñòóäåíòè. Äîêëàäâà ñå çà åêñïåðèìåíò,
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êîéòî áå èçâúðøåí ñ ïîìîùòà íà ñèñòåìàòà TeSLA (An Adap-
tive Trust-based e-assessment System for Learning) ñ öåë äà ñå
èçñëåäâàò ñúùåñòâóâàùèòå ïðîáëåìè è äà ñå ïðåäëîæàò íîâè
ðåøåíèÿ â òåêóùîòî åëåêòðîííî îöåíÿâàíå ïðè îáó÷åíèåòî ïî
ìàòåìàòèêà. Ïðåäñòàâåí å ìîäåë çà åëåêòðîííî îöåíÿâàíå â êóðñà
ïî �Äèôåðåíöèàëíè óðàâíåíèÿ è ïðèëîæåíèÿ� â áàêàëàâúðñêàòà
ïðîãðàìà �Ñîôòóåðíî èíæåíåðñòâî� â Ñîôèéñêèÿ óíèâåðñèòåò,
áàçèðàí íà äúëãîãîäèøíèÿ îïèòà, êîéòî èìàìå â îáó÷åíèåòî ïî
òàçè äèñöèïëèíà. Ïðåäñòàâåíè ñà è ñà àíàëèçèðàíè ðåçóëòàòè
îò àíêåòèðàíå íà ñòóäåíè âúâ âðúçêà èçïîëçâàíèÿ ñîôòóåð çà
èäåíòèôèêàöèÿ â ñèñòåìàòà TeSLA.
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2 Abstracts of the reviewed scienti�c pub-

lications

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

[1] 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), SJR(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 �rst 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 de�ned.
Results for uniqueness and existence of such a generalized solution are
obtained. Some a priori estimates are stated.

[2] 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 speci�c applications in plasma physics,
optics, and analysis on projective spaces. Problem PK is not well-posed
since it has in�nite-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 �uid
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dynamics.We consider a properly de�ned, 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 su�cient for the existence of a generalized
solution with �xed order of singularity.

[3] Ts. Hristov, N. Popivanov, Singular Solutions to Protter's Problem
for a Class of 3-D Weakly Hyperbolic Equations, Comptes rendus de
l'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 Σm

1 and Σm
2

, and by a plane region Σ0. Now, it is well known that, for the in�-
nite number of smooth functions in the right-hand side, some of Prot-
ter�Ãfs problems do not have classical solutions. Popivanov and Schneider
(1993) found the reason of this fact in the case of Dirichlet�Ãfs condition
on Σ0: the strong power-type singularity appears in the generalized so-
lution on the characteristic surface Σm

2 . In the present paper on weakly
hyperbolic equation involving lower order terms we study BVP, with the
Dirichlet�Ãfs condition on Σm

1 , and third BV data on Σ0 : ut + αu = 0.
Under some conditions on lower order terms we prove that for each n ∈ N
there exists a smooth right-hand side function fn, for which the corre-
sponding unique generalized solution has strong power type singularity
(|x|2 + tm+2)−n/2 at the point O. It is interesting that this singularity is
isolated at the vertex O of the characteristic surface Σm

2 and does not
propagate along it.

[4] 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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8126, doi:10.3103/S1055134411040043, SJR(0.169 � 2011), URL:
https://doi.org/10.3103/S1055134411040043.

Abstract. Some three-dimensional (3D) problems for mixed type equa-
tions of �rst 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 �nd
su�cient conditions for the uniqueness of such solutions to the Protter's
problems. The dependence of lower order terms is also studied.

[5] 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, SJR(0.176 � 2012),
URL:https://doi.org/10.1063/1.4766787

Abstract. In the �fties M. Protter stated new three-dimensional (3-D)
boundary value problems( BVP) for mixed type equations of �rst 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
di�culties 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 in�nite-dimensional
kernels. Therefore there are in�nitely many orthogonality conditions for
classical solvability of their adjiont problems. So it is interesting to ob-
tain results for uniqueness of solutions adding �rst order terms in the
equation. In the present paper we do this and �nd conditions for coe�-
cients under which we prove uniqueness of quasi-regular solutions to the
Protter problems.

12



[6] 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.

Abstract. Protter problems for equations of Tricomi and Keldish type
are studied. For equation of mixed type of �rst 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
�nd su�cient 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
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