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ZKuTtoMupchbKuil HalliOHAJILHAM

B.I1. 2KypaBiaboB

arpoeKOJIOTIYHAl YHIBEPCUTET

JITHIMTHI KPAMOBI 3AJAYI JIJIS1I HETEPOBUX

OITEPATOPHUX PIBHAHDb ¥V

BAHAXOBOMY IIPOCTOPI

PosrnauyTo mimiiini Kpa#ioBi 3a1adi 15T OTIEpaTOPHUX PIBHAHBL 3 HETEPOBUM OTEPATOPOM,
axkuit mie B OanaxoBomy mpocropi. [lobynoBano po3e’sizku HeomuOpiaHOT 3amaui Kol ana makux
omneparopuux piBHsiHb. OTpUMaHO YMOBU icHYBaHHS Ta (DOPMYJIN MJIs TIPEICTABIEHHS PO3B’A3KiB
TaK¥X Kpafiopux 3ama4. [lobynoBamo y3araabuenuit orreparop ['pina, mocmimgzxkeno fioro BaiacTuBoCTi
Ta 3B’430K 3 y3araJbHEeHO-00epHEHNM OIMEePATOPOM JIHIHHOI KpaiioBol 3a,mami.

The paper deals with linear boundary value problems for the operator equations with Noeter’s
operator with functions in Banach space. The authors construct the solutions of the homogeneous
and heterogeneous Cauchy problem for the operator equations of the kind. The authors also get the
solvability conditions and formulae for presenting the solutions of such boundary value problem.
The authors have construct a generalized Green operator, investigated its characters and links
generally inverses operator of the linear boundary value problem.

[TobymoBa po3B’si3KiB JliHITHEX KpaitoBux

3a,1a9
(Lz)(t) = f(1), (1)
lx() = o, (2)

e L— niniitauii obMezkenuit GpyHKITIOHATILHO-
nudepennianbauil - omeparop, f— TiHIAHII
obMexKeHMit  (pYHKIIOHAT, 3aJeKUTh  Bij
PO3B’A3HOCTI  omeparopHOoro piBHgaHHS (1).
s 3Buyaitnux JiudepeHiiajibHUX PiBHIHbD,
judepenniaibHUX PIBHAHDb 3 BiJIXUJIEHHSM
aprymenty, JaudepeHiiajbHuX PiBHAHb 3 1M-
Iy/JIbCHOIO [i€fo piBusians (1) xpaitoBol 3a1a4i
(1), (2) e Bcroau poss’stzumm [1]. st Taknx
KpailoBUX 3a/1a4 OTPUMaHi YMOBH PO3B’I3HOCTI
i bopMmysu i npejicTaBeHHs 1X PO3B’g3KiB
[21, 3], [4]

Y pobori nocraBjieHi HACTYIIHI 3a/ad4i: J10-
CJIIMTH POo3B’si3HiCTh 3asa4i Ko st Hete-
poBOTO orepaTopHoro pisasiaast (1), orpumaru
KpuTepil po3B’ga3H0CTi Ta (bopMyn Jijis Ipeji-
CTaBJIeHHs PO3B’s3KiB KpaitoBoi 3a1a4i (1), (2)
y BHIIQJIKY, KOJTH orepaTop L BUXiTHOTO piBHSI-
HHS € HETePOBUM.

1. Bagauya Komri gjsg HeTepoBoro ore-
paropHoro piBHauHd. Hexait B; i Bo— 0a-
HaXOBi mpocropu BeKTOp-byHKIH 2 : [a,b] —
R" f : Ja,b] - R", —0 < a <t <
b < 4o00; L : By — Bo— miniitauii odmexe-
HUil HerepiB omeparop, p = dim N(L) < oo,
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v =dim N(L* = dim Y, < o0); p # v, je
N(L)— mnynw-npocrip omeparopa L, N(L*)—
HYJIb-IIPOCTIp omeparopa L*, 1Mo € CHpsazKeHuM
1o omneparopa L; ¢ : By — R™— niniiinmit
obMezKeHnit BeKTOP-(hyHKIIOHAT.

[Tosnaunmo wepes {fi}, < N(L) i
{ps(-)}72y € N(L*)— Ga3ucu HyJab-IPOCTOPIB
N(L) i N(L*), signosiguo. lusi emementin
{fi}iL, i byuxuionanis {@s}7_, icuyooTh cups-
JKeHo 6lopToroHa/ibHi cucremMa (yHKIIOHAIB
{7i}i=1 € N*(L) C Bj i nosna cucrema ee-
mentiB {¢Yp}i_, C Y, C Bj. Ba Teopemoro
Xana-Banaxa kozen i3 dbynknionanis {7;}/_,,
AKWil Bu3HAavenuit Ha mignpocropi N(L) C By
MOxKe OyTH IPOJOBXKEHUM, 13 30epezKeHHAM
HOpMH, Ha Bech mpoctip By, a xoxken 3 ¢yH-
Kiiona B {@s}Y_;— Ha Bech npocrip Ba.

JaJi mo3HaYuMoO MaTPHIL:

X(t) = (fl(t)7f2(t)7 R

F() = (’71(')7’72(')7 .. '7#('))T7
P() = (1()s P2 () 0 ()T
U(t) = (¥1(t),a(t), .- -, ¥u(t)),

se (TX)() = E,, (@0)() = E,, By, By—
OAWHWYIHI MATPUII].

Toxi npoexropu Py : By — N(L), Py, :
B, — Y, MoxkHa 3anncaTH aHAJIITHIHO 3a JI0-
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MIOMOT0F0 HACTYIHHUX (POPMYJI:

(Pny2)(t) = X(#)(I'2)(-), Vz € By,
(3)

(Pyvoy)(t) =¥ (@) (Py)(-), Yy € Ba.

Posrnigremo 3aja4dy mpo yMOBHU pO3B’s3HO-
CTi Ta 3araJbHU BULJISAI PO3B’I3KiB HETEPOBO-
T'0 OIEepPATOPHOrO PiBHAHHS

(L2)(t) = f(1),

0 3a/I0BOJIbHAIOTH MMOYATKOBY YMOBY

(4)

2(to) = 2o, to € [a,b], 20 € R".

(5)

Osznauenns 1. 3adauy (4), (5) nasusamu-
Mmemo 3adavero Kowi das weodnopionozo one-
Pamoprozo pieHAnHA (4).

Bigomo [4], [5], mo HerepoBe omeparop-
He piBHsHHSA (4), BHACTIIOK HOr0 HOPMATBHOL
PO3B’SI3HOCTI, Ma€ PO3B’SI3KU I TUX 1 JIAIIE
tux f(t) € By, gKi 3210BOJBLHAIOTH YMOBY

(Py, f)(t) = 0.

3 dopmyaun (3) aust npoekropa Py, Maemo,
IO BHACJIIJIOK JIIHIHOT He3a/1e2KHOCTI BEKTOPIB
marpuni-oneparopa ¥(t) ust yMoBa ekBiBaJieH-

THA YMOBI

gKa cKaagaeTbes 3 v = dim N (L*) niniiino we-
3aJIeKHAX YMOB.

Bignosigao g0 [6], npun BUKOHAHHI yMOBH
(6) 3aranpHmil pO3B’sI30K piBHAHHSA (4) MOKHA
3amucaTH y BUTJIS/I

2(t) = (Pnw2)(6) + (L7, (7)

1e Py : By — N(L)— npoexrop (3), 2(t)—
JIOBLIBHUI ejieMeHT mpocTopy By, L~ — obme-
JKeHnil y3arajJbHeHO OOepHEHHUil omepaTop 10
HeTepoBOro omneparopa L, mobyoBa sSKOro BH-
KJIaJeHa B [4].

BukopucroByoun npejcrasienss (3) npo-
exTopa Pn(r), OTPEMaEMO

(Pnwy2)(t) = X(O('2)(-) = X(t)e,  (8)

ne X(t)— (n X p)-BumipHa maTpuns, ¢ =
col(v12)(+), (722)(+), .., )— JOBLIbHUI BEKTOP-
CTOBIIEIIb 13 CTAJUMU KOMIOHeHTaMH, ¢ € R¥.

[lincrapusmn Bupa3 (8) B piBuanua (7),
OTPUMAEMO 3arajbHUN PO3B’A30K HETEPOBOIO
OIepaToOpHOro piBHAHHS (4)

2(t) = X(t)e + (L f)(t). (9)

3 upescrapiennst (9) maemo, 1mo Oyib-
axuii eqement z(t) mymb-npocropy N (L) mo-
JKHA TPeJICTABATH Y BUTJISIL

z(t) = X (t)e.

[le cmiBBiHOIIEHHS CIpaBeIIuBe JJId Oy/Ib-
gakoro t € [a,b], Brmovaoun i t = ty. Ot-
xKe, JUIst OyIb-sIKOro zg = z(tg) iCHYy€e ejeMenT
c € R* Takuii, 1m0 BUKOHYEThCS PiBHICTH

20 = X(t0)07

ne X (tp) : R* — R"— (n X p)-Bumipua marpu-
111 31 CTAJMMI KOMIIOHEHTAMH.

IenyBannst jiist Oyjb-skoro 2o = z(to) ene-
MEHTY ¢ O3HAJa€, 10 aaredpaivuHe piBHIHHSI

X(to)C = 20

BCIOMM PO3B’si3He. lle o3Hawae, MO HYJIb-
upocrip N(X*(tp)) = {0}, nupoexkrop na ni-
npocrip Yx,) C R" nopisnioBarume nysesi,
Pryuy = 0, Vto € la,b]. 3Bigcn maemo, 1o
aJireOpaivyHe piBHSIHHS

X(to)e = 20 — (L™ f)(to),

sKe oTpuMaHe 3 piBusiHHg (9) 1pu t = ¢y BCrou
po3B’sazue i |7, c¢. 175| iioro 3aranbuuii po3s’s-
30K Ma€ HACTYIHHUl BUTJIST

CcC = PN(X(tO))é + X_(to)[zo - (L_f)(to)], (10)

e Pn(x(t))— 1POeKTop 0aHaxXoBOIO HPOCTO-
py R* ma mymab-npocrip N(X(tp)) marpumi
X(tog), ¢— poBinbHuE BekTOp Hpocropy RH,
X~ (to)— y3araabHeHO-O0EpHEHA MATPUIA 10
marpuri X (tg). OcKiabKu mpoekTop Pyxqg =
0, To 3 dopmyn (22)[7, c. 174] maemo, 1o
y3arajbHeno-obepuena Mmarpuis X (tg) Oy-
Je npapoio obepuenoto marpuieio X, '(to),
X_(tg) = Xr_l(to)

[ligcrasusmu Bupa3 (10) B piBuanus (9),
OTPUMAEMO 3araJbHII po3B’sa30K 3aaa4di Korri
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(4), (5)
2(t) = X(O{Pn(x(t0))C+

X (to)[z0 = (L™ f)(t0)]} + (L7 f)(8) =

Xo(t)e + (Gof)(t) + X () X, (o),

e Xo(t) = X(t)Pn(x(o)), ¢— AOBLIbHMIT Be-
KTOp 3 npoctopy R

(Gof)(t) = (L™ f)(t) = X ()X, (to) (L™ f)(to),

ne Gop— omeparop I'pima HamiBOIHOPIIHOT
(20 = 0) 3amaui Komi (4), (5).

TakuM 4YUHOM, JOBEIEHO HACTYIHY TeOpe-
My:

Teopema 1. Hexati L : By — Bo— neme-
pie onepamop. Todi 3adawa Kowi (4), (5) mae
P036°a30% das Oydv-sawxux 2o = z(to), to € |a, b
i muz i miavku mux f(t) € Bo, axi 3adosonn-

MOACHA NPEICTNABUMU Y 6U2AADL

2(t) = Xo(t)e + X ()X, (to)zo + (Gof)(1).

SayBakeuud 1. fAxwo onepamophe pieHs-
nHA (4) € ecrodu pose’aznum, mo Py, = 0.
B uyvomy sunadky onepamop L mamume obme-
orcenuti npasuti obeprenud onepamop L1 [7].
Sxwo, kpim moeo, mampuys X (t) mae obep-
neny oaa 0yov-akoeo t € [a,b], mo Pn(x()) =
0 i sadaua Kowsi (4), (5) 6yde scrodu i odno-
3HaYHO Po36’asnoto. Ilpu yvomy it po3e’aszok
mae nacmynnutl 6uzan

2(t) = X ()X ' (to)zo + (L' f)(t)—

=X ()X (to) (L f)(to).

2. Jliniiini kpaiioBi 3ama4di nyisga HeTe-
POBUX ONEPaTOPHUX PiBHAHBL. Po3risinemo
3a/1a4i po HeOOXi/IHi 1 JJoCcTaTHI YMOBY PO3B -
3HOCTI Ta TpeACTaBJIeHHs] PO3B’sI3KiB HETepO-
BOTI'O OIIEPATOPHOTO PIBHAHHSA

(L2)(t) = f(1), (11)
K1 38/I0BOJIbHAIOTH YMOBH
lz(+) = a, (12)
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ne ¢ = col(ly,la, 3, ..., ly)— nidiiiauil o6Me-
JKeHnit BeKTop-(pyHKIOHA, dKuii i€ 3 OaHa-
xoBoro npocropy Bi B eBkiigiB mpoctip R™,
ae R™

Oznauenna 2. Cucmemy AHITHUL one-
pamopruz pienany (11), (12) nasusamume-
MO NIHITIHO010 He0OHOPIOH010 Kpatiosoto 3adauero
ora nemeposozo pienanna (11), a pienanma
() = collliz=(), b2(), lsz(), oo ()
col(ay, g, (g, . .., Q) — KPATIOBUMU YMOBAMU
uiei 3adai.

BukopuctoByioun miaxia, 3ampomoHOBaHTI
y |8], kpaitoBy 3amaay (3), (4) Oymemo po3riisi-
JIATU 9K OllepaTOPHEe PIBHAHHS

o= (| £ ]:) o=

3 JHHIAHEM 00ME:KeHHM HOPMAJIbLHO PO3B -
suuM omeparopom A = col[L,l], akuit mie 3
H6anaxoBoro npocropy Bi y mpsmunii 100yTOK
B:; x R™ dyHKmioHaIbHONO HaHAXOBOT'O IPO-
cropy By ta eBkuiizooro npocropy R™, A :
B1 — BQ x R™.

Omneparop /A Hy1e 06MeKeHNM, AKIO HOPMY
B npoctopi By X R™ BusnauuTu HaCTynHUM
IUHOM:

L
l

f(t)

«

} =9(t)

1(f; )|y xrem = [ f |8, + llatllrm,

me feBy, aeR™.

Bumie 6yio ckazano, 1m0 HeTepoBe HOP-
MaJIbHO PO3B’si3He omeparopHe piBHsiHHs (11)
po3B’a3He g THX 1 Tiibku TuX f(1) € Ba,
K1 3310BOJIbHAIOTH yMOBY (6). IIpn BUKOHAH-
Hi IUX ¥ YMOB 3arajbHHil pO3B’A30K PiBHAHHS
(11) maTume Burmsaz (9).

st roro, o6 po3s’s30k (9) HEOHMHOPIHO-
ro omneparopHoro piusiHasi (11) 6yB po3s’si3-
KOM KpaitoBol 3aau4i (11), (12) meobxino i go-
cTaTHbO, Mob6 BekTOp ¢ € R* 3a/10BO/IbHSAB aJI-
redpaiaHy cucTemy

(X(Je+ L)) = a,

Ky OTPUMAHO MICJIsi TMiJICTAHOBKU PO3B A3KY
(9) B kpaitoBy ymosy (12).

[Tosnaunmo wepes Q@ = (X () (m x w)-
BUMIPDHY MATPHINO 31 CTaIUMU KOMIIOHEHTA-
mu; Py @ R* — N(Q)— (1 x p)-Bumipuy
MaTpHIO-NIPpoeKTop; Py, : R™ — Yo— (m x
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mM)-BUMIpHY MaTpPHIO-IPOEeKTOP; Q~ — (1 X
M)-BUMIPHY MATPHIO y3arajJbHeHO-00epHEeHY
10 marpumi Q.

3 asiredbpaldHOro PiBHAHHS

Qc=a— UL f)

3HaiteMo Koucranty ¢ € R*, npu gxiit po3s’s-
30k (9) piBugnusg (11), icHyroumii mpu BHKO-
HaHHi ymoBu (6), Oyae po3B’siI3KOM KpaiioBoi
sazadi (11), (12). 3 reopemu 3.9 |4, ¢. 92| mae-
Mo, 1110 piBHsiaHs (13) po3B’sa3ue TOAL i TLIbKY
TOJi, KOJIM BUKOHAHO YMOBY

Pyy {a—LL7)()} =0, (d=m —rankQ)

(13)

i npu nboMy Mae p-napamerpuuny (p = p —
rank ()) ciM’10 po3B'93KiB y BULIAL

Cc = PNP(Q)CP + Qi{a - gL*f)()}

ae Py, — (dxm)-BuMipHa MATPHIII, IKA CKJIa-
JeHa 3 MOBHOI cucTeMu d JIHINHO He3aIeKHIX
psijikis Marpuni-poexropa Py, Py, q)— (1 X
p)-BUMIDHA, MATPHIF, KA CKJIAQJIEHA 3 MOBHOI
cucremu p (p = p — rank Q) JiniliHo He3aje-
JKHUX CTOBIIIB MaTpHII-IPoeKTOpa Py (Q)-
[lizcTaBnsgioun 3HaiigeHnii BEeKTOp KOH-
craut ¢ (14) B Bupa3s (9), oTpEMaeMo 3arajb-
HUl pO3B’s130K Kpaiiosoi 3aaqi (11), (12):

2() = X,(t)e, + (GH(0) + X(DQ o

Tyr X,(t) = X(t)Pn,@— (n X p)-Bumipna
MaTpHUIl, CTOBII SKOI € IIOBHOK CHCTEMOTO
p— JIHIHHO He3aJeKHUX PO3B SI3KIiB OIHOPI-
ol (f(t) = 0, = 0) xpaiioBoi 3amaui (11),
(12); ¢, € R*; G : By — ker! C By,

(GH(E) = (L7f)(E) = XOQ L™ f)()—
(15)

y3aranbHeHmil onepatop ['piHa HaABOTHOPI-
auoi (o = 0) kpaiiosol 3agaui (11), (12).

Taxkum guHOM, JUIsi KpaifoBol 3amaqi (11),
(12) cnpaBejinBe HACTYIIHE TBEPJZKEHHSI.

Teopema 2. Hexat L B, — By—
nemepie onepamop. Todi, arxuo rank @ <
min(m, ), mo odnopidna (f(t) = 0,a = 0)
kpatiosa 3adaua, eidnosiona (11), (12), mae
p = p—rank Q i miavku p AHIGHO He3aNe-
AHCHUT PO3B A3KIG

2(t) = Xp(t)ey,

(14)

¢, € R”.

Heodnopiona xkpatiosa 3adaua (11), (12)
Mae po3s’azor das muz i misvku muzx f(t) €
B; i a € R™, axi sadosorvnaromsv v + d
(d = m —rank Q) ainitno HezasedrcHi Ymo-

{ (Py, f)(-) =0,
Py da—LL7f)()} =0,

I NPU UDOMY MGE P-NAPAMEMPUYHY CIM 10 Al-
HITHO HE3ANEHCHUL PO36 A3KIG

2t ¢p) = Xp(t)e, + (GF) () + X (H)Q™ . (17)

(16)

Hacaimok 1. fxwo rank Q = pu, mo p <
m. B yvomy sunadry odnopiona (f(t) =0, =
0) xpatiosa 3adaua, eidnosiona (11), (12), ne
MAE PO36°A3KY, OKPIM MPUBLAALHOZ0.

Heodnopidna wpatiosa 3adawa (11), (12) 3
nemeposum onepamopom L : By — Bs mace
p036°a30K daa muz i miavku muz f(t) € B
i a € R™, axi 3adosoavratome v +d (d =
M — () AHITHO HE3ANEHCHT YMOBU

{ (Pyv.f)(-) =0,
Pyo {a—=LL™f)(-)} = 0,

I NPU YLOMY MGE €QUHUT PO38 A30K

2(t) = (G + X(1)Q .

Hiiicno, axkmo rank @ = p, T0 Py = 01
X,(t) =0.

Hacaimok 2. fxuwo rank QQ = m, mo m <
i. B uyvomy sunadky odnopiona (f(t) =0, =
0) xpatiosa 3adaua, sidnosiona (11), (12), mae
P L MIALKY p = [ — M MHIUHO HE3ANEHCHUT
P0O36°A3K16

2(t) = X,(t)c,, ¢, € R

Heoonopidnua xpatiosa 3adawa (11), (12) 3
nemeposum onepamopom L : By — Bs wmae
P036°a30% Oas mux i misvku muzr f(t) €
Bs, axi 3adosorvraome v AHITHO HE3ANEIHCH]
YMOBU

Py f)() =0
I MPU YLOMY MAE P-NAPAMEMPUYHY CLM 10 Ai-
HITHO HE3ANCHCHUL PO36 A3KIG

2(t,¢,) = X,(t)e, + (GF)(E) + X(1)Q o
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Hiiicno, axmo rank @ = m, ro Py, = 0 i
Py, = 0.

Hanmi posriguemo KpaitoBy 3sagauy (11),
(12) B mpumyIiensi, 1o omepaTopHe piBHS-
uasg (11) — Bciogu poss’ssue. lle osnauae,
mo R(L) B, i orxe Py, 0. 3 mHa-
caigky 2 teopemu 2.3 [4, c. 55| omeparophe
piBustans(Lz)(t) = f(t) po3s’sisne npu Oyb-
komy f(t) € By i Mae po3s’a30kK

2(t)

ae L'— jinifinuii obMesxenunit npasuii oGep-
HEHUi oniepaTop Jio oneparopa L.

BaB/IgKN BCIOJIM PO3B’A3HOCTI PIBHIHHSA
(Lx)(t) = f(t) Teopema 2 cuporryeThbes i dhop-
MYJTIOETHCSA HACTYITHHM IHHOM.

Teopema 3. Hezxatli L : By — Bo— ne-
mepie onepamop i N(L*) = {0}. Todi, axwo
rank @ < min(m, ), mo odnopiona (f(t)
0, 0) xpatiosa 3adaua, eidnosiona (11),
(12), mae p i misvku p (p = p — rank Q) ai-
HITIHO HE3ANEHCHUL PO36 A3KIG

X(t)e+ (L f)(1), ¢ € R,

2(t) = X,(t)c,, ¢, € R
Heodnopiona xpatiosa 3adava (11), (12)
po3e’asna daa muz i mirvku mur f(t) € B
t a € R™, axi sadosoavHsaromv d, d
m — rank Q, AtHIGHO HE3ANENHCHT YMOBU

Pyg o — UL ()} =0,

I MPU UYLOMY MAE P-NAPAMEMPUNHY  CiM 10
P038°A3K16

2(t) = X,(t)e, + (G () + X(1)Q™a,
de (Gf)(t) = (L7 )(t) = X(O)Q™ (L f) () -

yaazaavrenut onepamop I'pina.

SayBaxkeunsa 2. Teopema 3 onucye xaac
HEMEPOBUT KPATOBUT 3adaY 044 6C1O0U PO3E -
anux onepamopnux pienans (4). Taxi sada-
i 0emasvho PO32AAHYMI Y GUNAOKAT, KOAU
(Lz)(t) = 2(t) — A(t)z(t)— seunatinui duge-
penyiaavnuti onepamop, L : Cta,b] — Cla,b]
[2], [5], dupeperuianvrut onepamop i3 3ocepe-
oorcenum sidzunennam apeymenmy (Lz)(t)

() = A()(Sn)2(t), L : Dyla,b] — Lyla,b] [3],

Hayxosuti sichurx Yepniseuvrozo ynisepcumemy. 2010.

[4]. ¥ wux eunadkazr npasui obepnenul one-
pamop L' mae inmezpasvre npedcmasaerns

b
<www=/me@@

de K(t,s)— mampuus Kowi.
Yaazarvrenuti onepamop I['pina mae 6u-
2nA0:

(GF)(t) = [} K(t,s)f(s)ds—
—X(0)QL [} K(-, ) (s)ds.

Baysaxkeuus 3. Sxwo dynrxyionanr { 3a-
dosonvnae ymosy [9, c. 15]

4[K«W@W=L3mﬁﬁ@w,

mo yaazanvrenut onepamop I'pina mae nped-
CMABAEHHA

G = [ Gle.s)(s)ds
A0PO AK020
G(t,s) = K(t,s) — X(t)Q LK(-,s)

HA3UBAEMBCA Y3a2aavHenoro mampuyero I'pi-
Ha.

3. ¥Yzaraapuennii oneparop I'pima Ta
fioro BisiactuBocri. llobGynoBanuii y3araib-
Henuit oneparop I'pina (15) G : By — kerl C
B: rpae Baxk/iuBy poJib npu aHaJi3i JiHITHEIX
i cstabko HeqtiHifiHuX KpaftoBux 3a/1a4 Jijisl Ole-
PATOPHUX PiBHSHD. 3 fIOr0 JOMOMOTOIO TP BU-
KOHAHHI BIJIMOBIITHUX YMOB PO3B’S3HOCTI Oy/1y-
€ThCS 3araJibHUil PO3B’SI30K HAIBOIHOPITHOT
(o = 0) kpaitosoi 3amadi (3), (4).

Po3rngmeMo neski BJIACTUBOCTI y3arajbHe-
Horo omeparopa I'pina

(Gh)(E) = (L7 ))(t) = X®)Q (L™ f)(-). (18)

Jlna cupomieHHda 3amuciB GOpMya IpH Po3-
DI BJIACTUBOCTEH y3araJlbHEeHOTO OlepaTopa
['pina najasii 6y1eMo OlyCcKaTu JIyKKHU 1 3MiH-
Hi.

Jlema 1. Vzazanrvrenuti onepamop I'pina G
300080NbHAE CNIBBIOHOULEHA

_| B, =Py,
so=[mom]
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Jlosederna. Jliticuo, mijcrasusim B (19) 3a-
micte G iioro Bupas (18), orpumaemo:

L
AG = (L™ — XQ (L] =
4
[ L(L~ — XQ (L7) |
| (LT —XQ (L) |
[ LL- — LXQ (L |
| (L™ —(XQ (L™ |
LL~ (IB2 — PYL)
(Igm — QQ™ )L~ Py (L~
OCKLIbKH

LX - O, ,[Rm — QQi = PYQ'

SayBakeuud 4. YV sunadky, KoAu piéHs-
una Lz = [ ecrodu poss’asmne, sracmusicmo
(19) nabepe uenrndy:

I,
AG = ,
PYQ éL;l

ockinvku R(L) =By, L™ =L, a Py, = 0.

flk mokazaHO BuUIlE, TPU BUKOHAHHI yMOB
(16) kpaitoBa 3a1a1a

dl= )

Ma€e po3B’sI30K, skuii mae Burusi (17).
st obmerkeHoTo y3arajabHeHO-00ePHEHOTO
orepaTopa

A= |

|: Zg :| : B2 x R™ — B1
Ma€MO IIPeICTABICHHS
Ll |f1|_ _
][] -orsrae
ne Gf = [ ij } { g } — pO3B’30K KpailoBol
3a/1a4i

XQ a= [ é’ } [ g } — PO3B’430K KpaitoBol

3a,/1a41
Lz =0,
lz = a.

Teopema 4. Onepamop
A" =[G XQ)
€ obmedcenum YaazaroHeno-obeprenum 00 Ai-

. L
Hitino20 0bmeorcenozo onepamopa A = { /BE

Josedenna. [Iast noBeeHHsT TEOPEME HEOD-
XIJIHO 1 JI0CTaTHBO TIOKa3aTH, 1Mo oneparop A~
3a/10BOJILHSE BJIACTUBOCTI

1L.LATAA = A7 2. A4 A=A,

0 BU3HAYAIOTH y3arajibHeHO-00epHeHMil ore-
parop. fk nmokazano B [10| apyra 3 Biacru-
BOCTeHl € Hac/iJKOM I1epiinol. Tomy mnokazke-
MO 1110 otieparop /A~ 3a10B0oJIbHSIE BJIACTHBOCTI
A"AA™ = A7, Ockinbkn LX =0, (X = Q,

TO:

. LG LXQ~
AA:{E}[G XQ7| = =
G I1XQ~
Ig, — Py, O
,PYQELi QO™
I3 cmiBBinnomens L~ Py, = 0, Q Py, = 0,
GPy, = 0 maemo, 110
Ig, — Py, O
AN =G XQ] =
,PnyLf QO™

= [G(IBz_,PYL)_‘_XQ_’PYQgL_ XQ_QQ_] =
= [G-GPy,+XQ Py (L~ XQ|=[GXQ].

ObMmezkenicTs omeparopa A~ € HaCIIKOM
obmezkenocti oueparopis L™, G ta XQ~. Ta-
kuM auHOM, oneparop A7 @ By x R™ — By
€ 0OMezKEeHUM y3araJbHeHO-00epHEHUM JI0 Olle-
paropa /A BuxigHol KpaiioBol 3a1a4i.

Bukopucroytoun  dopmyny  AAT =
Ig,xrm — Py, [4], mo 38'a3ye ysaraabaeHo-
obepuennii omepatop A~ i mpoektop Py,,
a TakoxkK BIACTHBICTH (19) y3arajbHEHOro
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oneparopa I'pina, 3mHaiimemo mpoekTop Py,
KWt Mae OJIOKOBY CTPYKTYPY:

Py, = Ip,xmrm — AA™ =
Ig, O
L _
= - [ ¢ } [G XQ ] =
0 IR'm
Ig, O Ig, =Py, O
0 Igrnm Py, LL™ QQ~
Py, 0
—Py (L™ Igm —QQ~
Py, 0
—’PnyLf PYQ
Omnepatop Py, [OificHO € IPOEKTOPOM,

OCKIJIbKH  33/I0BOJIbHAE BJIACTHUBOCTI 7332//1 =

Py ,:

Py, 0

P2 = _
— PYQ 0L~ PYQ

Py, 0

—’PYQKL_'PYL — P%QEL_ P)%Q
Py, 0

= = Py,.
—PYQKL_ PYQ

OueBngno, mo ymosa Py, [ £ } = 0 exBi-

BaJIeHTHa yMoBaM po3s’sznocti (16) kpaiiosoi
samadi (11), (12).

3ayBakeHHsd 5. kw0 onepamopre pieHs-
nnAa (11) 6 kpatiosit sadawi (11), (12) € 6crodu
po36°asnuM, mo npoexmop Py, mae 6uzaad:

0 0
_PYQ ELT_I PYQ

ockiavku 6 yvomy eunadky Py, =0, a L™ =
Lt

CIINCOK JIITEPATYPU

1. Kpetin C.I. Jluneiiubie ypaBHeHus B 6aHAXOBOM
npoctpanctse. — M.: Hayka, 1971. — 104 c.

2. Botiwyx A.A. KOHCTpYKTHBHBIE METOIBI AHAIN3A
kpaesnix 331a49. — Kues: Hayk. mymka, 1990. — 96 c.

3. Botiuyx A.A., 2Kypasaes B.®. Tlocrpoenne pe-
IMeHni KPaeBbiX 3a1a4 s anuddepeHInaabHbIX Ch-
CTEeM € 3ala3/bIBAHUEM B KDUTWYECKUX CIIydasx //
Hoxmn. AH YCCP. Cep. A. —1990. — Ne 6. — C. 3-6.

4. Botuyx A.A., XKypaeaes B.D., Camoiirenko
A. M. O60ob6ieHHO-00paTHbIEe OMEPATOPHI U HETEPOBDI
kpaesbie 3ana4du. — Kues: Uza-s0 UM HAHY, 1995. —
320 c.

5. Boichuk A.A., Samoilenko A.M. Generali-
sed inverse operators and Fredholm boundary-value
problems. — Utrecht; Boston: VSP, 2004. - 317 p.

6. XKypasaes B.D. Pemrenne HOpMasbHO pas3pe-
IITUMBIX OMEPATOPHBIX yPABHEHUH B 0AHAXOBLIX TPO-
crpaHcTBax ¢ Gasucom // JIOKJIambl akaleMuH HayK.
Poccniickas Akamemus nayk. — 1997. — 352, Ne3. — C.
304 - 306.

7. 2Kypasares B.D. Kpurepuit paspemmmoctu
U TpeJCTaB/IeHNe peleHnii JuHeiiHbx n— (d—) Hop-
MAJIbHBIX ONEPATOPHBLIX ypaBHEHUHE B GAHAXOBOM TIPO-
crpancre // YMZK. — 2010. — 62, Ne2. — C. 167 - 182.

8. Wezler D. On Boundary Value Problems for an
Ordinary Linear Differential Systems // Ann. di Mat.
pura et Appl. — 1968. — V. 80. — P. 123-136.

9. Kopoaox B.C., Typ6un A.®. Maremarudeckue
OCHOBBI (ha30BOr0 YKPYITHEHUST CJIOKHBIX cucrem. — K.:
Hayk. nymka, 1978. — 218 c.

10. Tozbepe H.II., Kpynnux H.21. Bsenenue B Te-
OpHIO OIIHOMEPHBIX CHHIYJISPHBIX WHTEIPAJIBHBIX OIe-
paropo. — Kummmuer: [ltunnmna, 1973. — 426 c.

Hayxosuti sichurx epniseuvrozo ynisepcumemy. 2010. Bunycx 528. Mamemamusxa. 57



