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Hucepraliisi npucBsdeHa JIOC/IIKEHHIO XapaKTePUCTUK PO3B’s3HOCTI 1 Helle-
PEPBHOCTI 3a IMapaMeTpoM PO3B’sI3KiB HANOIIbII 3araJbHIX KJIACIB OJHOBUMIDHIX
HEOJIHOPIIHNX KpaifloBUX 3a/1ad JijIs CUCTeM JIHIMHIX 3BHYaiiHux JudepeHiiialib-
HUX PiBHSHD JIOBIJILHOTO MOPsAJIKY Y 1pocTopax CoboJieBa Ha CKIHUYCHHOMY iHTEp-
BaJIl.

[Iurannsg npo OOIPYHTYBaHH: TPAHUIHOTO IMEpexoiy Moo 3ajad Korri Ta
3araJIbHIX KpaioBUX 3ajad JIOCTIKeHO OaraTbMa MaTeMaTmKaMu. » podoTax
[. I. Tixmana (1952), M. A. Kpacuocessebkoro i C. I Kpeitaa (1955), 9. Kyprseii-
a1 1 3. Bopesa (1957), A. M. Camoitienka (1962 — 1965) Beranosieno yHiaMeH-
TaJbHI Pe3y/IbTATH PO HENIEPEPBHY 3aJICYKHICTH 3a IMapaMeTPOM PO3B’s3KiB 3a1ad
Ko jiist HesiniftHux cucrem. s JIiHITHIX cucTeM 11 pe3ysIbTaTu OyJId yTOTHe-
i ta gomosreni A. 0. Jlesinum (1967 — 1973), 3. Omsiem (1967), B. T. Peitgom
(1967) i Hryen Txe Xoamom (1993).

Kirac 3arajibHux JTHITHIX KpailoBUX 3a/1a4 JI/Isd CUcTeM JindepeniiaabHIX piB-
HsIHb [EPIIOro mopsiiky Beegeno i mocimkeno 1. T. Kirypamse (1975 — 2003) i
M. Amoppia (1996). Posp’st3ku 1ux 3a/1ad € abCOJFOTHO HellepepBHUMI (DYHKITi-
SIMHI Ha BiIpI3KY [a, b]. BeranoBeHo yMOBH HellepepBHOI 3a/I€2KHOCTI 38 mapame-
TpoM po3B’sa3kiB y mpoctopi C'([a, b, R™). Y poborax B. A. Muxaitserns, H. B. Pe-
Bu, T. I. Kook i I O. YexaHnoBoi oTpuMaHo y3arajbHeHHsI IIUX Pe3y/IbTaTiB JiIsd
KOMILJIEKCHO3HAUYHNX (DYHKIIIH Ta JIHIHHUX CUCTEM JndepeHIliaJbHIX PIBHSIHb BU-

X TOPSIIKIB.



B. A. Muxaiisnerewm i fioro yausivmu (2008 — 2018) 6ys10 BBEIEHO 1 JIOCTIIZKEHO
MaKCUMaJIbHO IINPOKI KJjacKh HaiOLIbII 3araJibHUX KpaifloBUX 3ajad JJjIsl JIHii-
HUX CHCTEM 3BUYAMHUX JudepeHIliaJbHIX PIBHAHB II0J0 PI3HUX (PYHKIIOHAIbHIX
pocTopiB, 30kpema 11010 mpoctopis Cobosea (Pesa H. B., Kook T. 1., ['nun
€. B.), npocropis nenepepsro nudepentiitosanx dyukiiii (Hexanosa I'. O.; Cot-
naroB B. O.), npocropis l'esibniepa (Cosgaros B. O., Macsiok I'. O.), mpocropis
Crobonenproro (M'aun €. B., Macsok I'. O.). Jloegeno hpearoabMoBicTh Ta-
KUX 3a/1a4, 3HailJIeHO JI0CTaTHI YMOBHU 1X KOPEKTHOI PO3B’SI3HOCTI Ta HellepepBHOI
3aJIE2KHOCTI 3a IMapaMeTpoM 1X PO3B’sI3KIB Y BKa3aHUX IIPOCTOPaX.

Jl1st HaftO1IbIN 3araJbHIX KpailoBUX 3a/1a4 JI/1sd CUCTeM JirndepeniiaIbHIX PiB-
HSIHb TIEPIIIOro MOPSJIKY JOCTATHI YMOBHU HellepEPBHOI 3aJ1€2KHOCTI 3a ITapaMeTpPoOM
ix posB’st3KiB y mpocropi Cobosesa Wi, e 1 < p < oo, Beranosieno T. 1. Kopmox
i B. A. Muxaitreriem (2010). Koncrpykrusauii Kpurepiit HeriepepBHOCTI 3a apa-
MEeTPOM PO3B’s13KiB HaOLIbII 3arajJabHIX KPafoBUX 3a1a4d JIjIsI CUCTeM JudepeHili-
AJIbHUX PIBHSIHBb JIOBLILHOTO HOPsAIKY y mpocTopi CoboJieBa W;L, e 1 < p < oo,
scranosjeno €. B. ['aumn, B. A. Muxaitzerem i O. O. Mypadem (2017). Li pe-
3yJIbTATH OYJI0 3aCTOCOBAHO JIO JIOCJIJIKEHHsI 6araToTOYKOBUX KpalloBUX 3a/1ad,
MaTpuilh ['piHa Ta BUKOPUCTAHO y CIEKTpaJsbHiil Teopil mudepeHniaJlbHIX Olle-
paTopiB i3 cUHTYIdpHUMHU KoedirieHTamu. AJie y JiesdKnuxX 3ajadax Teopil jgude-
PEHIIaILHIX PIBHsIHD BUKOPHCTOBYIOThCst He Jmie npocropu Cobosnesa W', ne
1 < p < 00, a it BunajoK necenapadeabunx mnpocropis CobosieBa npu p = 00.

OtKe, 3 OIJIsIJly Ha CKa3aHe, aKTYaJIbHUM € JIOC/IIPKEeHHsT HalO1IbII 3arabHIX
KpailoBux 3ajiad JIJId CHUCTeM 3BHUYalHUX JrdepeHniaJbHIX PiBHSIHb JOBIJIbHIX
nopsiZIKiB mozo npocropis Cobonesa W, ne 1 < p < 00, 30Kpema MUTaHHST PO
HEOOXI1THI Ta JIOCTATHI YMOBH HEIlePEPBHOI 3aJIeXKHOCTI 3a TapaMeTPOM PO3B’I3KIB
ux 3aJ1ad. BapTo 3a3HaYNTH, 1110 HAHOLIBIT 3araJibHi 3a/ad9i MOXKYTh MICTUTHU B

KpailoBUX yMoOBaXxX IOXiJIHI IIJIOTO Ta JAPOOOBOrO MOPSIAKY 1 TOMY MalOTh iCTOTHI



0cobJIMBOCTI, siKi BificyTHI y Kiaacudaux 3aadax (Ko, 1Bo- Ta 6araToTouKOBUX,
iHTerpaJbHIX 1 MIMIAHUX 3a/1a49aX ). 3BayKardn Ha 1€, CHCTeMATHIHEe BUBUCHHST 1X
BJIACTUBOCTEI TIpeJIcTaB/Isie HAyKOBUI 1HTEpeC.

Juncepraliiss cKIaIaeThed 3 aHOTalllll YKPATHCHKOIO Ta aHTIIIICHKOIO MOBAaMM,
nepesikKy YMOBHUX ITO3HaUYeHb, BCTYILY, TPHOX PO3/ILIiB OCHOBHOI YaCTUHH, BUCHOB-
KiB, CIICKY BUKOPHUCTAHUX JIZKepeJsl Ta OJIHOTO JI0JATKY.

Y BCTymi OOI'PYHTOBAHO AKTYAJILHICTL TEMU JOCTIIZKEHHS, CHPOPMYIHOBAHO
MeTy, 00’€KT, IIPeJIMET, 3aBJIaHHsI 1 MeTOJIU JOC/IiI?KeHHS, 3a3HaYeHO HAYKOBY HO-
BIU3HY OTPUMAHUX PE3Y/IbTaTiB, IX NPaKTHIHE 3HAUYEHHS, 3B’ 130K POOOTH 3 HAyKO-
BUMHI TeMaMU I 0COOMCTHIl BHECOK 37100yBada, BKa3aHO TaKOXK e O0YyJIO arnpobo-
BaHO Ta OIyOJIKOBAHO Pe3y/IbTaTH JIICepTallil.

Y nepiiomy po3Jiijii 00roBopeHo 00’€KT i IpejiMeT, HaBeIeHO OIJIsi/l JIiTepaTypH
3a TeMATHUKOIO JucepTaliiinoro jpoc/imkerts. Q0 €KToOM JI0C/II2KeHHs € OJTHOBU-
MipHI ppe/IroIbMOBI KpaiioBi 3aiadi, HaflbLIbIT 3araabHi 100 npocTopis Cobo-
JIEBA, & MPEJIMETOM — XapaKTep 3aJIeKHOCTI 3a apaMeTpPoOM PO3B’I3KIB INUX 3a1ad
y BLIIIOBLJIHUX HOPMOBAHUX IPOCTOPaXx.

Y JApyromy posjiiji JIOCiJIKEeHO HaiiblIbIn 3arajbHi KpailoBi 3ajia4di Ta Haii-
OLIBII 3araJibHI 0AraToOTOYKOBI KpailoBl 3ajati JJIsl CUCTEMU 1M 3BUYANHUX JU-
depenIiabHUX PIBHAHB MEPIIOTO MOPSJIKY, PO3B’I3KHU AKUX MMPOOIraloTh MPOCTIp
Cobosesa (W)™, e 1 < p < oo. Iokazano, 1o j1oc/1ijizKyBaHuM KpaiioBumM 3a-
JlagaM BiaroBijgae dppearoabMiB onepaTop 3 iHJAeKcoM m — [ Ha 1api HOpMOBaHUX
npoctopis (W)™ i (W;fl)m x C!. loBeeno KpuTepiii 0HO3HAYHO! PO3B’I3HOCTI
JIOCTIIKYBaHIX KPailoBUX 3aJiad y X IpocTopax. BeranosieHo, Mo BUMIPpHOCTI
dnpa 1 Kogapa olepaTopa KpalioBol 3ajiadl JOPIBHIOIOTH BIIIOBIIHO BUMIPHOCTI
siJIpa 1 Kosipa XapaKTePUCTUYIHOI MaTpHIl KpaitoBol 3ajadi. [ljs HaitblIbI 3a-
raJibHIX KpalloBUX 3aj1a4, 3a/Ie2KHUX BiJl MaJjoro napamerpa € > (), BCTAHOBJIEHO

KOHCTPYKTUBHUI KpUTEPiil HellepepBHOCTI 3a mapaMeTpoM po3B’si3kiB npu e = 0y



npocropi (W}')™. Tlokaszano, o noxubka i Hes’si3ka po3B’a3KiB 1UX 32,124 MalOTh
OJIHAKOBUIl MOPA0K MaJsiocTi ipu € — 0+ y Bianosigaux mpocropax CobosieBa.
BceranoBiieHO jocTaTHI YMOBH HEIIEPEPBHOCTI 3a ITapaMeTpoOM pPO3B’si3KiB OaraTo-
TOYKOBOI KpaitoBol 3ajiaul 1nipu € = () y HOpMOBaHOMY ITPOCTOPI1 (W;)m y BULAJKY
p =00 Tay BUIajky 1 < p < oo.

Y TperboMy PO3JIiIi JOCJIIXKEeHO HabOLIbII 3arajibHi KpaiioBi 3a1a4l JIIs CH-
cTeMM M 3BUYAlHNX JUMEPEHIIaIbHIX PIBHSIHDb JIOBLIBHOTO TOPSJIKY, PO3B sI3KM
axnx npobiraiors mpoctip Cobonesa (W)™, ne 1 < p < oo. Ilokazano, 1o
JIOC/I/PKyBaHUM KpaifloBuM 3ajadaM Bijnosigae (ppenrobMiB omepaTop 3 iHjie-
KkcoM mr — [ na napi nopmosamnux upocropis (W)™ i (W)™ x C'. osezeno,
III0 BUMIPHOCTI sjpa 1 KogJpa oleparopa KpaiioBol 3ajadl JOPIBHIOIOTH BIJIIIO-
BIJIHO BUMIPHOCT1 dJipa 1 KOosJapa XapaKTepPHCTUUIHOI MaTPHUIl KpaioBol 3ajadqi.
BceranosiieHo Kpurepiit 0JlHO3HAUHOT PO3B’SI3HOCTI AOC/IIZKYBAHIX KPalloBUX 3a-
Jad y BUIMOBLIHUX HpocTopax. [l HalOlIbll 3araJbHIX KpaioBUX 3a/ad, 3a-
JIEXKHUX BiJI MaJjoro napamerpa € > 0, BCTAHOBJIEHO KOHCTPYKTUBHUIT KpuTepiit
HeTIepePBHOCTI 3a MapamMeTpoM poss’asKis pu € = 0y mpocropi (W)™, Tloxa-
3aHO, 110 IIOXMOKa 1 HeB'si3Ka PO3B’SI3KIB IUX 3a/iad MalOTh OJHAKOBUIl ITOPsSIIOK
maJjocti ipu € — 0+ y BignosigHux npocropax CobosieBa. Beranorieno gocra-
THI yMOBH 3012KHOCTI IOCJIJIOBHOCTI XapaKTEPUCTUIHUX MATPHUIb KpPalloBUX 3a-
maa M (L(k), B(k)) no marpuni M (L, B) npu k — oo y npocropi (W)'*")™, ne
1 < p < oo; kpuTepiit cubHOT 36i2KHOCTI oI T0BHOCTI ottepaTopis (L(k), B(k))
j1o oneparopa (L, B) mpu k — ooy npocropi (W *")™, ne 1 < p < 0o; Kpure-
piit piBHOMIpHOT 30izkHOCTI TOCTi0BHOCTI Oomeparopis (L(k), B(k)) mo onepato-
pa (L, B) mpu k — oo y npocropi (W)™, ne 1 < p < 0o; jgoctaThi yMOBH Ha-
MiBHEIIEPEPBHOCTI 3BEPXY s/Ipa 1 Kosi/ipa onepaTopa KpaiioBol 3ajadi npu k — oo

y mpocropi (W)™, e 1 < p < oo.



JopaTok MIiCTUTBH CIMCOK IIyOJriKaliil 3700yBaYKU 3a TEMOIO JIHCepTallil Ta
BIJIOMOCTI TIpO alpoOaIiiio pe3yabTaTiB JUCePTaIlil.

OcHoBHI pe3yabTaTh, TKi BU3HAYAIOTH HAYKOBY HOBU3HY JIMCEPTAIIl:

e JIJIsi HaiOLIBIN 3araJbHUX KpalioBux 3aja4 y mnpocropax CoboJieBa (Wg’“)m

BCTAHOBJIEHO 1X HETEPOBICTDH 1 3HAIIEHO 1HJIEKC;

e y TepMiHax cleliajJbHO BBEJIEHOI YUCI0BOI XapaKTepUCTUIHOI MaTPUIll 3HA-

iJIeHO BUMIPDHOCTI d/Ipa 1 KogJipa PO3NJIAHYTUX KpalloBUX 3a/1a4;

® JIOBEJAECHO I'PaHUYIHY TE€OPpEMY JIA XapaKTEPUCTUIHNX MaTPpUIb HOC.HL[LOBHO-

CT1 KpaltoBux 3aJjady;

e BIIEpIIE JIOCJIZKEHO HElepPepBHICTL 3a NapaMeTPOM pPO3B’a3KIB KpailoBUx
sajau y npocropax Cobosesa (W)™ nis seix snauens 1 < p < oo. Sna-

iiJIeHO KpUTepiil HellepepBHOCTI PO3B’SI3KiB 3a IapaMeTpPOM;

e JIOBEJICHO, 1110 IOXNOKA 1 HeB'si3Ka PO3B’s3KiB KpailoBUX 3a/1a4 MalOTh O/THA-

KOBHUI1 TIOPSJIOK MaJIOCTI;

® OTPUMAaHO IPAHUYHI TEOPEMHU JJId PO3B’A3KIB OAraTOTOYKOBUX KpalloBUX 3a-

nad y npocropax Cobosesa (W)™ 31 <p<ooip=oo.

Juceprariitna poboTa Mae TeOpeTUYHII XapaKTep. 11 pe3y/IbTaTi Ta MeTOIIKA
X OTPUMAHHS MOXKYTh OYTH BUKOPHUCTAHI y MOJAJBIIOMY PO3BUTKY TeOPil OJHO-
BUMIpHIX (DPerobMOBIX KpalioBUX 3ajad, 30KpeMa 6araToTouKoBUX, 3a/a4d i3
HOXITHUMEI JIpOOOBOTO 1oPsAIKy. OcobmBicTIO POOOTH € Te, IO B HIil BIEpIIe
JIOCJIJPKEHO XapaKTep PO3B A3HOCTI KpailloBUX 3a/1a4 i3 nepeBu3HadeHuMu ado He-
JIOBU3HAYCHUMU KPaloOBUMU yMOBAMI; JIOC/IIJI2KEHO HAfOLIbIN CKJIaIHNI, ajle Ba-
YKJIUBUI J1J1s1 3aCTOCYBaHb BUIIAJ/I0K Hecerapadbe/ibHUX Heped/IeKCUBHUX IIPOCTOPIB

CoboJieBa.



Kuro4dosi cjioBa: cucrema jgudepeHiiajbHUX PiBHsIHB, KpaiioBa 3aja4a, 1Ipo-
ctip CoboJsieBa, ppearosibMIB orepaTop, HEIIEPEPBHICTh 3a IMapaMeTpoM, baraTo-

TOYKOBa KpalioBa 3aja4a, XapaKTePUCTUIHA MaTPUILH.

ABSTRACT

Atlasiuk O. M. One-dimensional Fredholm boundary-value
problems with parameter. — Qualifying scientific work on the rights of the
manuscript.

The thesis presented for the academic degree Doctor of Philosophy in speci-
ality 111 — Mathematics. — Institute of Mathematics of the National Academy of
Sciences of Ukraine, Kyiv, 2020.

The thesis is devoted to the study of the characteristics of solvability and conti-
nuity in a parameter of solutions of the most general classes of one-dimensional
inhomogeneous boundary-value problems for the systems of linear ordinary di-
fferential equations of arbitrary order in Sobolev spaces on a finite interval.

The question of the substantiation of the boundary transition with respect
to Cauchy problems and general boundary-value problems has been studied by
many mathematicians. [. I. Gikhman (1952), M. A. Krasnosel’skii and S. G.
Krein (1955), J. Kurzweil and Z. Vorel (1957), A. M. Samoilenko (1962 — 1965)
established the fundamental results on the continuous dependence with respect to
the parameter of solutions of Cauchy problems for nonlinear systems. For linear
systems, these results were specified and supplemented by A. Yu. Levin (1967 —
1973), W. T. Reid (1967) and Nguyen Tho Hoan (1993), Z. Opial (1967).

The class of linear general boundary-value problems for systems of first-order
differential equations was introduced and investigated by I. T. Kiguradze (1975 —
2003) and M. Ashordia (1996). Solutions to these problems are absolutely conti-

nuous functions on the compact interval [a, b]. They also established the conditi-



ons of continuity in a parameter of these solutions in the space C'(][a, b], R™). The
generalization of these results for complex-valued functions and linear systems of
higher-order differential equations was obtained in the works of V. A. Mikhailets,
N. V. Reva, T. I. Kodliuk, and H. A. Chekhanova.

V. A. Mikhailets and his disciples (2008 —2015) introduced and studied the
most common classes of boundary-value problems for linear systems of ordi-
nary differential equations that are generic with respect to the various functional
spaces, in particular to Sobolev spaces (N. V. Reva, T. 1. Kodliuk, Ye. V. Gnyp),
to the spaces of continuously differentiable functions (H. A. Chekhanova,
V. O. Soldatov), to Holder spaces (V. O. Soldatov, H. O. Masliuk), to Slobodetskii
spaces (Ye. V. Gnyp, H. O. Masliuk). They proved that such problems are
Fredholm, obtained conditions that are sufficient for their well-posedness and
continuity in the parameter of their solutions in these spaces.

For the most general boundary-value problems for systems of differential
equations of the first order, sufficient conditions of continuous dependence in the
parameter of their solutions in Sobolev space W', with 1 < p < oo were found
by T. I. Kodliuk and V. A. Mikhailets (2010). Constructive criterion of continuity
in the parameter of solutions of the most general boundary-value problems for
systems of differential equations of an arbitrary order in Sobolev space W', with
1 < p < oo was found by Ye. V. Gnyp, V. A. Mikhailets, and O. O. Murach (2017).
These results have been applied to the investigation of multipoint boundary-value
problems, Green’s matrices, and also to the spectral theory of differential operators
with singular coefficients. However, in some problems of the theory of differential
equations arise not only Sobolev spaces W, with 1 < p < oo, but also the case
of nonseparable Sobolev spaces for p = oo.

Thus, in view of the above, it is important to study the most general boundary-

value problems for systems of ordinary differential equations of arbitrary order



with respect to Sobolev spaces W, with 1 < p < oo, in particular, the questi-
on of the necessary and sufficient conditions of continuous dependence in the
parameter of solutions to these problems. It should be noted that the most general
problems may contain derivatives of integer and fractional order in boundary
conditions. Therefore they have significant specificities that are absent in classical
problems (Cauchy, two- and multipoint, integral and mixed problems). Hence, the
systematic study of their properties is of scientific interest.

The thesis consists of the annotation in Ukrainian and in English, list of
symbols, introduction, three sections of its main part, conclusions, the list of
references, and appendix.

The introduction substantiates the relevance of the research topic, formulates
the purpose, object, subject, tasks and methods of the research, outlines the sci-
entific novelty of the results obtained, their practical significance, the connection
of the work with scientific programs and the personal contribution of the appli-
cant, and also points out where the results of the dissertation have been discussed
and published.

In the first section, we discuss the object, subject, and review the literature on
the theme of the dissertation research. The object of research is one-dimensional
Fredholm boundary-value problems, generic with respect to Sobolev spaces. The
subject of research covers the character of the continuity in the parameter of
solutions to these problems in the corresponding normed spaces.

In the second section, we investigate the most general boundary-value
problems and the most general multipoint boundary-value problems for system of
m ordinary differential equations of the first order whose solutions run through
Sobolev space (Wl?)m, with 1 < p < oo. We show that these problems correspond
to the the Fredholm operator with the index m — [ on a pair of normalized spaces

(W)™, and (Wz?*l)m x C!. The criterion of well-posedness of these boundary-



value problems in these spaces is proved. We prove that the dimensions of the
kernel and cokernel of the operator of boundary-value problem are equal to the
dimensions of the kernel and cokernel of the characteristic matrix of the boundary-
value problem, respectively. For the generic boundary-value problems dependi-
ng on a small parameter ¢ > 0, the constructive criterion of continuity in the
parameter of solutions at € = 0 in the space (W')™. We show that the error and
discrepancy of the solutions to boundary-value problems have the same order of
smallness for € — 0+ in the corresponding Sobolev spaces is established. Suffici-
ent conditions of continuity in the parameter of solutions to multipoint boundary-
value problem at € = 0 in normalized space (Wl?)m in the case of p = oo, and in
case 1 < p < oo are established.

In the third section, we investigate the most general boundary-value problems
for system of m ordinary differential equations of an arbitrary order whose soluti-
ons run through Sobolev space (W;’”)m, with 1 < p < co. We show that these
problems correspond to the Fredholm operator with the index mr — [ on a pair
of normalized spaces (W)*")™ and (W)™ x C'. We prove that the dimensi-
ons of the kernel and cokernel of the operator of boundary-value problem are
equal to the dimensions of the kernel and cokernel of the characteristic matrix of
the boundary-value problem, respectively. The criterion of well-posedness of the
investigated boundary-value problems in these spaces is proved. For the generic
boundary-value problems depending on a small parameter € > 0, the constructi-
ve criterion of continuity in the parameter of solutions at ¢ = 0 in the space
(Wy+r)™ is established. We show that the error and discrepancy of the soluti-
ons to boundary-value problems have the same order of smallness for ¢ — 0+
in the corresponding Sobolev spaces. Sufficient conditions are established for the

convergence of sequence of characteristic matrices of boundary-value problems

M (L(k), B(k)) to the matrix M (L, B) for k — oo in the space (W,""")", with
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1 < p < oo. The criterion of strong convergence of the sequence of operators
(L(k), B(k)) to the operator (L, B) for k — oo in the space (W,*")™, with
1 < p < oo is proved. We have substantiated the criterion of uniform convergence
of the sequence of operators (L(k), B(k)) to the operator (L, B) for k — oo in the
space (W)™, with 1 < p < oo. Sufficient conditions are found for upper semi-
continuous of the kernel and cokernel of the operator to boundary-value problems
for k — oo in the space (W)™, with 1 < p < oc.

The appendix contains a list of the applicant’s publications on the topic of the
thesis and information on the approbation of the dissertation results.

The main results that determine the scientific novelty of the thesis:

e for the most general boundary-value problems in the Sobolev spaces (W;)m

their Fredholm property is established and the index is found;

e in terms of a specially introduced numerical characteristic matrix, the
dimensions of the kernel and cokernel of the considered boundary-value

problems are found;

e the limit theorem for characteristic matrices of a sequence of the boundary-

value problems is proved;

e for the first time the continuity in the parameter of solutions of boundary-
value problems in Sobolev spaces (VVI’;‘)m is investigated for all values 1 <

p < o0o. The criterion of continuity of solutions in a parameter is found;

e it is proved that the error and discrepancy of the solutions to boundary-

value problems have the same order of smallness;

e the limit theorems for solutions to multipoint boundary-value problems in

Sobolev spaces (W)™ with 1 < p < oo and p = oo are obtained.
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Thesis is a theoretical investigation. Its results and the method for the obtai-
ning of these results can be used in the further development of the theory
of one-dimensional Fredholm boundary-value problems, in particular multipoi-
nt problems, and problems with derivatives of fractional order. The peculiarity
of thesis is that it first investigates the character of the solvability of boundary-
value problems with overdetermined or underdetermined boundary conditions.
The most complex but important for applications case of nonseparable nonreflexi-
ve Sobolev spaces is also investigated.

Keywords: system of differential equations, boundary-value problem, Sobolev
space, Fredholm operator, continuity in a parameter, multipoint boundary-value

problem, characteristic matrix.



12

Chnucok ommy0JiikoBaHMX IIpalb 3a TEMOIO JUcePTaIil

Cmammi 6 naykosuxr harosur 6udaHHAT

1. Amaacrox O. M., Muxaiisreyo B. A. OpearoabMoBi OHOBUMIPHI KpaiioBi

3ajtadi y npocropax CobosieBa // Ykp. mart. kypa. — 2018. — 70, Ne 10. —
C. 1324 — 1333.
(I[epexnay anri. mosoto: Atlasiuk O. M., Mikhailets V. A. Fredholm one-
dimensional boundary-value problems in Sobolev spaces // Ukrainian Math.
J.—2019. — 70, Ne 10. — P. 1526 — 1537. DOI: 10.1007/s11253-019-01588-w,
SCOPUS Q2, Web of Science Core Collection)

2. Amaacrox O. M., Muzxatiseyo B. A. @pejroyibMoBi 0JIHOBUMIPHI Kpaiiosi
3aJ1a4i 3 mapamerpom y mpocropax CobosieBa // YKp. Mat. )kypH. — 2018, —
70, Ne 11. — C. 1457 — 1465.

(IMepextan anri. mosoto: Atlasiuk O. M., Mikhailets V. A. Fredholm one-
dimensional boundary-value problems with parameter in Sobolev spaces //
Ukrainian Math. J. — 2019. — 70, Ne 11. — P. 1677 — 1687. DOLI:
10.1007/s11253-019-01599-7, SCOPUS Q2, Web of Science Core Collecti-

on)

3. Amuacrox O. M. I'parmani TeopeMn 11 PO3B’si3KiB 0ararOTOYKOBUX Kpa-

fiopux 3aja4 y npocropax Cobosesa // Heminiitai konmsanus — 2019. —
22, Ne 1. — C. 18 - 26.
(IMepeknay anrs. mosoto: Atlasiuk O. M. Limit theorems for solutions
of multipoint boundary-value problems in Sobolev spaces // Journal of
Mathematical Sciences. — 2020. — 247, Ne 2. — P. 238 — 247. DOL
10.1007/s10958-020-04799-w, SCOPUS Q3)



13

4. Amaacrox O. M., Muzxaiisreuv B. A. IIpo po3B’si3HiCTH HEOIHOPIIHIX Kpa-

fioBux 3aja4d y npocropax Cobosea // omosigi HarioHa bHOT akajemil

wHayK Ykpaian — 2019, Ne11. — C. 3 - 7. DOI: 10.15407 /dopovidi2019.11.003

5. Atlasiuk O. M., Mikhailets V. A. On Fredholm parameter-dependent
boundary-value problems in Sobolev spaces // Dopov. Nats. Acad. Nauk
Ukr. — 2020, Ne 6. — P. 3 — 6. DOI: 10.15407/dopovidi2020.06.003

Tezu Hayrosux donosidet

1. Amaacrorx O. M. IIpo HerepoBi 0JHOBUMIpHI KpailoBi 3ajadi y IpocTOpax
Cobosesa // XIlI-ta Jlitng [Ikona "Ananis, Tomosorist i SactocyBamst”,
29 nunns — 11 cepnns, 2018, m. Buzkuuig, Yeprisenbka 00.1., Ykpaina: Te-
3u jonoBijeit. — YepriBenpbKuil HamionaabHuil yaiBepcuteT iMeni FO. @ejb-
KoBHUYa, JIbBIBCHKMIT HalionabuMit yaiBepcuTeT iMeni . @panka, 2018. —

C. 56.

2. Atlasiuk O. M. On Fredholm one-dimensional boundary-value problems
in Sobolev spaces // International scientific conference "Modern problems
of mathematics and its application in natural sciences and informati-
on technologies” dedicated to the 50th anniversary of the Faculty of
Mathematics and Informatics, 17 — 19 September, 2018, Chernivtsi, Ukraine:
Abstracts. — Chernivtsi: Yuriy Fedkovych Chernivtsi National University,
2018. — P. 13.

3. Amuacrox O. M. I'parnani Teopemu Jijis po3B’sI3KiB 0araroTOYKOBIX KPaiio-
BUX 337129 y mpocropax Cobosesa // MikaapoaHa KOH(EPEHITisT MOJIOINX
MaTeMaTukiB, 6 — 8 uepsuga, 2019, m. Kuis, Ykpaina: Te3u momosimeii. —

Kuis: Tncruryr maremarnkn HAH Ykpainu, 2019. — C. 49.



14

4. Amaacrox O. M. IIpo HeTepoBi 0 JHOBUMIPHI KpaiioBi 3a/1a4i 3 HapaMeTpoM y
npoctopax Cobosiea // Mixkuapojna kKordepeHtiist "OyHKIIOHATIBHI METO-
JI1 B Teopil HADJIMKeHb, JudepeHIialbHIX PIBHAHHAX Ta 00UNC/IIOBAJIBHIN
marematuili IV” npucssdena 100-piadto 3 qus vapokenns B.K. /I3annka
(1919 — 1998), 20 — 26 uepsnst, 2019, ¢. Ceitst3p, [Hanpkuit p-u, BosmHebka
00s1. Ykpaina: Te3n jonosineit. — Iucturyr maremarnkn HAH Ykpaluam,
KuiBcbkuit Harmionaabumnit yaiBepcuteT iMmeni Tapaca IlleBuenka, CximgHo-

€BpoIleiichbKIil HallloHaJIbHUi yHiBepcuTeT iMeni Jleci Ykpainku, 2019. —

C. 70 - 71.

5. Atlasiuk O. M. On Fredholm one-dimensional boundary-value problems wi-
th parameter in Sobolev spaces // International conference "Problems of
Theoretical and Mathematical Physics” dedicated to the 110th anniversary
of M.M. Bogolyubov (1909 — 1992), 24 — 26 September, 2019, Kyiv, Ukraine:
Abstracts. — Kyiv: Bogolyubov Institute for Theoretical Physics of NAS of
Ukraine, Institute of Mathematics of NAS of Ukraine, 2019. — P. 91.

6. Atlasiuk O. M., Mikhailets V. A. On linear boundary-value problems for
differential systems in Sobolev spaces // International Workshop on the
Qualitative Theory of Differential Equations "QUALITDE — 2019”7, 7 —
9 December, 2019, Thilisi, Georgia: Abstracts. — Thilisi: A. Razmadze
Mathematical Institute of I. Javakhishvili Thbilisi State University, 2019. —
P. 19 — 22.

7. Amaacrox O. M. TIpo po3B’si3HICTb OJTHOBUMIPHUX KpaifloBUX 3ajad y MPO-
cropax CobosieBa // Mixknaposna naykoBo-ipakTiiaHa koudepentist “TTles-
JeHKiBchbKa BecHa — 2020: Maremaruka, craTuctuka, MexaHika. [Ipukiaina
MaTeMaTHKa, KOMII FOTEPHI HayKHU, iHKeHepis MporpaMHOro 3abe3rnevueHHs,

cucremuuii anamiz’, 15 — 16 kBiTusa, 2020, m. Kuis, Ykpaina: Tesu mormo-



15

Bijieit. — KwuiBchknii Hamionaabamnit yHiBepcurer iMeni Tapaca [leBuenka,

2020. — C. 5 - 6.

. Amaacrox 0., Muxatireuyvr B. Ilpo HemepepBHICTH 3a apaMeTpPOM
PO3B’SI3KIB HEOJHOPIHIX KpaiioBux 3ajgad y mpoctopax CoboseBa //
Kondepentiss mosogux yuenux Tligcrpuradisebki unrtannsg — 20207,
26 — 28 Tpasug, 2020, M. JIbBiB, YKpaina: Te3u momnosizeit. — lacTuryt
HPUKJIQJIHIX 1Ipodsem MexaHikm 1 maremaruku im. f. C. Iligcrpuraua

HAH Vkpainn, 2020. — C. 1 - 2.



