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YOK: 517.927

MABXYM API'YMEHTJ/IN BECCENb ®YHKUUACU KATHALLUFAH Y3rAPMAC
KO3®DPULMEHTIIA UHTEMPO- AU®OEPEHLUWAII TEHITTAMA YYYH UHTEMPAI LUAPTIA
MACATNA

M.AGaymaHHOMOB

AHHOMauus
Makonada masexym apeymenmnu beccenb ¢hyHKUusicu KamHaweaH y32apmac Ko3ghguyueHmau UHmezpo-
dugbghepeHyuan meHanama yyyH uHmeezpall wapmiu macarna ypeaHus2aH.
AHHOMauus
B OdanHOlU cmambe u3yyeHa 3adavya C UHMezpasibHbIM ycrnoguem O0nsi UHMeepo-OugepeHyuanbHo20
ypasHeHUs1 C NoCMOosIHHbIM Ko3ghghuyueHmom, codepxaweli ¢pyHkyuto beccensi ¢ MHUMbIM ap2yMeHMoM.
Annotation
In the article a problem with integral condition for integro differential equation with constant coefficient of Bessel’s
function which includes imaginary argument is studied.

TasiHy cy3 ea ubopanap: oddulli dughchepeHyuan meHanama, uUHmezpan ornepamop, 4yezapasuli macana,
uHmeepar wapminu Macasna, UHmeapain meHanama.

Knroyeensie croea u ebipaxeHusi: 00bIKHOBEHHOE OudhghepeHyuanbsHoe ypasHeHue, UHMezpasbHbIl
ornepamop, Kpaeegasi 3adava, 3adavya ¢ UHmezpasbHbIM yCI108UEM, UHMe2palibHOe ypasHeHUe.

Keywords and expressions: ordinary differential equation, integral operator, boundary-value problem, problem
with integral condition, integral equation.

Yw6y nHTerpo - guddepeHumnan TeHrnamaHn Kapannuk:
Y"(x) +ay'(x) + By(x) + y [y [[A(x —0)]dt= f(x), x €(0,1), (1)
0

6y epaa o, B,y , A -6epunraH xakukuid connap, /,(x)- maexym aprymeHtnin Beccenb dyHkUmMsACH

[11, f(x)-6epunran dyHKUMS.
Macana. (1) Tenrnamanunr [0,1] cermenTga aHuknaHraH, yanykcus ea

1
y(0) =k, [ y(x)dx =k, (2)
0

LIapTNapHM KaHOATNAHTMPYBYM eqnmMin TonuncuH, 6y epaa k,k, € R.
Kynnnran macanaHuHr 6up KMnmMaTtnm e4mnuimHn TeKLWNPaMn3.
1-nemma. Azap y(x) yHkyua [0,1] ceemenmoa ysnykcus 6ynub,

1
z|).y(x)abc =0 3)

MmeHanuKHU KaHoammaaHmupca, [0,1] ceamermoa wyHoall & coH monunaduku, (&) =0

meHanukK ypuHnu éynadu.
By nemmanun ncbotnawl KWANHYMNKK TyFaQUpPMangu.

2-nemma. Azap <0, y<0, 0<|A|<(1/4) [’ -8 — ] 6ynca,
Y'(x)+ay'(x)+ py(x)+ V]C‘J/(f)lo[/i(x—f)] dr=0, x€(0,x); (4)

»(0)=0,  ¥(x)=0 (5)
Macana ¢hakam mpusuasn equmea 32a bynaou.

M.A60ymanHonos — ®ap]y masucmpaHmu.
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Ucbot. (4) TeHrnukHM e " y(x) dyHKuMAra kynantmpamms Ba X 6Gyindya [O,xo]

cerMeHTaa UHTerpannaimms. CyHrpa xocun 6ynrad Tenrmukgarn )'"(x) sa y'(x) xocunanap

WWITUPOK 3TraH nHTerpannapHu 6ynaknab sa (5) wapTtnapHu xucobra onub, Kynnaarn TEHrnmkka
ara 6ynamus:

Te_zl’”x [y'(x)]2 dx — T e [222 +o| A +,3:| V> (x)dx —

0
—7T e y(x)alx]S y(OI[A(x—1)]dt=0 . (6)
(6) TeHrMMKAArM y4mHUK |/|HTeOrpanH|/| [ 6|/|n;H Senrmnannuk:
/= )]' e y(x) cz’)cjfy(z‘)l0 [A(x—1)]dt -
By eppa I, [ﬂ(x —t)] PYHKLMSHY 0 O
I,[A(x—=0]= %_j;(l —&) " en[A(x—&)as
dopmyna o6ynnda anmawTtnpamus [1]:

1= [(1-&) " ae[ e v wnren A —ne]dr

By TeHrnukHn 2chx =e* + e cdopmynagaH doiiganaxnb,

=L (1—&2) P aey ferm© La2 (x,&)ax (7)
472' hel el dx m s
KypuHWULLAA €31 MyMKUH, By epaa
mOAA(HEDE) @, () =]y
0

Bynakna6 wHTerpannaw dopmynacuHu kynnanmé sa u (&) =0 TeHrcusnukHm sbTbopra
onub, (7) TeHrNMKaaH Kynuaarvra ara 6ynamms:

_Ll SE y
1_47[_]1(1 &) dé

2 Xo
x> {e-“oﬂw@q:fn (%0, &) + 24, () [ 2 OD (x,E) dx} >0.
m=1 0
Y xonga ¥ <0 skaHnuruan abTubopra oncak, (6) TEHrNMKAAM OXUPTY XagHUHT MaHpui

amacrnry kerm6 umkapn. S <0 Ba 0<|A|<(1/4)[Ja’ -8B -] wapTnapra acocaH

2+« ‘/1| + [ kBappat yuxag myc6at amac. LLyHUHr yuyH (6) TEHrIMKAAMN UKKUHYM KYLLIAITYBYM
xam maHdpuin amac. ByHu Ba [ >0 TeHrcuanukHn abTMGOpra oncak, (6) TeHrnukaaH )'(x) =0,
sbHn Y(x) = const, x €[0,x,] aeraH xynoca kenn6 unkagun. Y xonaa (5) waptnapra acocaH
y(x)=0,xe [O, xo] . 2-nemma ncboTtnaHam.

1-Teopema. Azap 2-nemmaduHz wapmimapu 6axapursica, KylurneaH macana bummadaH
opmuK edumaa sza 6ynmadiou.

Uc6orT. Kyiimnran macana y,(x) Ba »,(x) eunmnapra sra 6yncvH, neb TeckapuaaH dapas
kunannuk. Y xonga y(x) = y,(x) — y,(x) dyHkumsA
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() + ay'(x) + By(x) + }/T YO I[A(x —D)dt=0, X<€(0,]) (8)

1
»(0)=0, Iy(x)dx=0 (9)
TEHIMWKINapHU KaHoaTNaHTUpaau. '

(9) TEHrMUKNAaPHWHN WKKMHYMCKM Ba 1-nemmara acocaH wyHaan x, €(0,1) maexynku,
y(xo) =0 TeHrnuk YpuHnu 6ynagn. ByHu abTuGopra onmb, {(8),(9)} macanaHu kapacak, 2-
nemmara acocaH y(x) =0, x €[0,x,] TeHrnukka ara 6ynamms.

¥(x)=0, xe[0,x,] TeHrnukHn abTMGOpra oncak {(8),(9)} macanagaH

Y + ay'(x) + By(x) + yf YOI [A(x—0))dt=0, X € (X,,1); (10)

1
¥(0)=0,  [y(x)dx=0 (11)

TEHIMUKMAPHWHT YPUHIN 3KaHNUrn kennd Ynkagu.
{(10),(11)} TeHrnuknapra tokopugaru ycyn éunaH 1- sa 2- nemmMmanapHui KynnaHcak, WwyHaam

x, € (x,,1) maexynkm, y(x,) =0, x €[x,,X,] TEHINUK YPUHNN SKAHNNMHN TONAMU3.
ByHn abTmbopra oncak, (10) Ba (11) TeHrnuknapaaH

P +ay'(x) + By(x) + 7 [ YOL[AGx — 0)]de=0, X € (x,1);

yo)=0,  [y(x)dx=0

X
TEHMMUKNAPHUHT YPUHIW 3KAHAUTMHA TONAMK3.
by TeHrnuknapra xam 1- Ba 2-neMMaHu KynnaHamu3 Ba lokopugaru myrnoxasanapHu
Takpopnanmma. by >xapaéHHu keTma-keT gasBoM aTTUpcak, Hatwkaga [0,1] cermeHT uuura

xonnawraH wynaain [0, x,],[x,,x ].[x,x,],....[x,,x, . ]... opanuknap cuctemacura sra

6ynamusku, 6y opanuknapaa y(x) =0 6ymm6, limx, =1 TeHrnuk xam ypuHnu 6ynagu. bynapHu

Ba )(x) € C[0,1] skannuruun swTuGopra oncak, y(x)=0, peraH xynocara ara Gynamus.
femak, ¥(x) =0, x €[0,1]. YHaa y,(x) = y,(x), x €[0,1]. 1-Teopema nctotnanam.

2-teopema. Azap 2-nemma wapmnapu ea f (x)e C[0,1] wapm 6axapunca, Kyiunzax
macanaHuHe edumu maexy0 bynadu.

UcborT. (1) TeHrnamaHn
y'(x)= fi(x), x€(0,1) (12)
KypvHuwaa é3nb onannuvk, 6y epga

£ = F(x) =y (x) = By(x) — ¥ [ y(O) 1, [Alx — )] dt.

Arap f,(x) dyHkumsn Ba Y(1) coHHu mabmym fe6 xucobnacak, (12) TeHrmamaHuHr
y(x) eunmu yuyH

¥(x) = y(0)1—x)+ y(Dx + jG(x,z) fi()de, x €[0,1] (13)

TEHrNUK ypuHnu 6ynagu [2], 6y epoa
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Gl g) = x(t-1), x <t;
(1) = (x—1, xX2>t.

(13) teHrmvkaa ¥(0) ypHura k, HM Ba f;(X) dyHKUMS ypHUra 3Ca YHWUHT UOAACKHU KYAMUS.

CyHrpa xocun 6ynraH Tenrnukaa »'(¢) nwTupok aTraH uHTerpanyu 6ynaknainvmus sa Y WLITUPOK
3TraH xag4a uHTerpannaw TaptnbnHm yaraptupamms. Hatmxaga

y(x) =k, (1-x) + y(D)x + j F(OG(x,0)dt + jM(x,t) y()de» x<€[0,1]  (14)
KypyHMLWAary TEHrNmKKa ara 6ynamms, 6y eopp,a '
M (x,0) = a[G(x,0)]; — G(x,t)[ﬁ + 7/[10[/1(5 - t)]dt}-

(14) TenrnukHn x 6ynmda [0,1] opanukga wHTerpannab, (2) WapTAAPHWHT UKKUHYUCUHM
abTuGopra oncak, (1) Homabnym coH Kyiaarndya Tonunagw:

1 1 1 1
y() =2k, —k, — 2[ dx[ f (G (x,0)dt — 2| y(t)[ | M(x,t)dx:ldt.
0 0 0 0
y(l) HUHr By ndopacmHm (14) TeHrnmkka Kynmb, 6abam Wakn anvawTmpunapHu 6axapcak,
1
Y(x) = [ M, (e, 0) y(t)dt = F(x), x €[0,1] (15)
0

KypUHULWIOArn TeHrnukka ara 6ynamms, 6y epga

M (x,t) =M (x,t) — 2ij(z,t)dZ.

F(x)=k(-2x)+2k,x+ j'f(t){G(x,t) — 2xj' G(x,t)dz}dt.

(15)- py(x) HoMmabnym yHKUMsra HUcBaTaH WKKUHYM Typ PpearonbM UHTErpan

TeHrnamacu 6ynub [3], kynunrad macanara akemsaneHtamp. LUyHWHr yuyyH 6y nHTerpan teHrnama
EUYUMUHWHT MaBXyAnnrn Ba AroHanmurn KywunraH macana €YUMUHWHT AroHanurvgaH, abHu o 1-
TeopemagaH kenub ynkagm [3].

(15) uHTerpan TeHrnamaHuHr eunvn M| (x,t) sippo pesonbsentack R, (x,7)éppammpa

Y(x) = F,(0) + [ Ry F (e X €[0,1]

KypuHuwga é3nnagn. by TEHrnuKgaH donganannd KypcaTtuL MYMKUHKN,
y(x) € C[0,1]N C?*(0,1). 2-Teopema nctoTnaHau.
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