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YOK: 517.927

MHTEIPAN OMNEPATOP KATHALUIAH AU®PEPEHLUWAI TEHITIAMA YY4YH UHTETPAN
WAPTIU MACAJIA

A.K.YpuHos, M.M.AG6aymaHHOMNOB

AHHOMauus
Ywby makonada uHmeepai ornepamop KkamHawaaH UKKUHYU mapmubnu o0duli dughghepeHyuan meHanama yyyH
uHmeepas wapminu Macasna ypeaHusaaH.
AHHOmMayus
B danHOU cmambe usydeHa 3aldavya C uUHMezpalbHbIM ycrosuem Onsi npocmoeao duggepeHyuansHo20
ypasHeHUsi 8mopoeo ropsidka ¢ UHMmMezpasibHbIM 0repamopoMm.
Annotation
This article studied the problem with an integral condition for second-order ordinary differential equation with
integral operator.

TasiHy cy3 ea u6opanap: o00uli OughchepeHyuan meHeanama,uHmeapas orepamop, Yeeapasull macarna,
uHmMeepaJs wapmnu macana, UHmeapasn meHeiama.

Kniodeenbie croea u ebipaxeHusi: rnpocmoe OughghepeHyuanbHoe ypasHeHue, UHmezparsbHbIli ornepamop,
Kpaesas 3adaya, 3a0aqa ¢ UHmeapasibHbIM yC08UEeM, UHMe2pasbHOe ypasHeHUE.

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

®dapas kunanuk, 6epunrad a(x), B(x) Ba y(x) dyHkumsinap [0,1] cermeHTAa aHWKNaHraH
Ba y3nykcus 6yncuH. (0,1) nHtepsanga

y'(x)+a(x)y'(x) + ﬂ(x)Iy(t Wo[A(x =D)]dt + y(x)y(x) =0, 0 < x <1 (1)

UHTErpo - avddepeHuman TeHrnamaHu kapawnuk, 6y epaa A - GepunraH Xakukum coH, J,(x) -

OvpuHun Typ Beccen dyHkumsacu [1].
Macana. (1) TeHrnamanuHr [0,1] cermMeHTAa aHMKNaHraH, y3nykcu3 Ba Kymnaaru wapTnapHu

KaHOaTNnaHTUpyB4n e4nmMm TONUICuH:
1
YO =k,  [yxde=k, (2)
0

Oy epoa k, Ba k,- GepunraH xakukuii coHnap.

Kynunrad macana 6up KMamMaTnvM e4YnnuiuMHM Tekwunpamm3. ABBan Kyhugarm femMmmanapHm
ncboTtnanmms.
1- nemma. Arap y(x) dyHkuma [0,1] cermeHTaa y3nykcus 6ynmb,

[y@ax=0 )

TEHIMWKHU KaHoaTnaHTupca,[0,1] cermeHTaa WwyHaan & coH Tonunaaukn, y(&) =0 TeHrnMK ypuHIm
oynagw.

NcboT. Arap y(x)>0 ékn y(x)<0 peb dapas kuncak, (3) TeHrnuk 6axapunmangu. LWyHnHr
yuyH (3) paH kermb umkaguku, éku y(x)=0, xe[0,1] , émn y(x) dyHkums (0,1) opanukaga
nwopacuHn ysraptupagun. bupuHum xonpga teopema ucbot 6ynagu, byHpa & cudpatupa (0,1)
opanukaarm UXTMEPUMN COHHW OnuWw MYMKWH. WVIKKMH4YM xonpa aca, y(x) dyHkumsaHuHr (0,1) aa
Y3MyKCu3 OynraHnuru yyyH wyHgam -
fe ( 0,1) TONMAAANKM, y ( 5)2 0 ?pgggéggp — ®aplly, cusuka mamemamuka paHnapu Ookmopu,

o o i M.A6dymanHonoe — ®ap[]ly chusuka-mamemamuka hakynbmemu 3- Kypc
TEHMWK YpUHIN 6yna,q1/|. mana6gcu. PaY pary. P
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1- nemma mncbotnaHau.
2-nemma. Arap  f(x,)<0, B'(x)=0, (1/2)a'(x)—y(x)=0, xe[0,x,] TeHrcuanuknap
Oaxapwrnca, y xonga

Y"(x) + a(x) y'(x) + ﬁ(X)J. YO [Ax=D))dt +y(x)y(x) =0, x<(0,x,); (4)
¥(0) =0, Y(%)=0 ()

Macana pakaT TpuBman eummra ara 6ynagu.

UcGoT. (4) TeHrnMuKkHM y(x) ra kynaiTupuB, cyHrpa x 6Gyimua [0,x,] cermenTaa
nHTerpannanmmns. CyHrpa xocun 6ynraH TeHrnukgarn y"(x) Ba y'(x) xocunanap ULLTUPOK 3TraH
WHTerpannapHu 6ynaknab Ba (5) wapTtnapHu xucobra onub, Kynugarm TEHrnMKra ara oynamms:

f [y'GT dx+ I Ba () = 7(@} ¥ (x)dx -

~[ y(0)BGryx [ y(0) I [A(x—0)])d = 0. (6)
0 0
OHan (6) parv yy4sHYM uWHTerpanHu kapanmus. YHu [ 6unaH 6enrvnab, J [A(x—1)]
DYHKUMAHN
JolAx—1)]= L j (1-17°)"" cos[A(x—1)nldn
V7l
TEHrnuk ounaH anmvawTnpamns [1]:

1 b 2N\-1/2 t 0
-1 j 1-7) { j B(x)y(x)dx j (1) COS[ﬂ(x—t)n]}dn

By ndopanaru cos[A(x—¢)n] MYHKUNSAHN
cos[A(x —1)n] = cos(Axn)cos (Atn)+sin (Axrn)sin (Atrn)
TEHIIMK OPKasu anmMalTmpeak, { H1 KyMuaar KypuHULWAa 3ui MyMKUH:

1 1 2\—-1/2 t d r i 0 1 2
z:m jl (1-77) ! ﬂ(x)al[ ! y(t)cos(zm)dtJ +£ ! y(t)sm()m])dtj } dx.

By epparn x 6ynuya nHTerpanHu 6ynaknacak,

/ =ﬁ [a=n" ﬂ(xo)[( j Y(t)cos(211) er { I (©)sin(Au) dt] }

—]g,b"(x)!ﬁy(t) cos(Atn) dtj +(j£y(t)sin(ltr7) dtj ]dx dn

TEHIMMKKa ara dynamms.
AeR Ba f(x,)<0, B'(x)>0, Vxe[0,x,] TeHrcusnuknapra acocaH OXWPrM TEHrNUKAaH

¢ <0 aKkaHnurv kenuG unkaan. By Ba (1/2)a'(x)—y(x) =0, Vx€[0,x,] TeHrcusnukHu abTMGOpra
oncak, (6) TenrnmkgaH y'(x)=0, abHU y(x)=const, x€[0,x,] peraH xymoca kenub uukagw.
ByHpaH aca (5) waptnapra acocaH y(x)=0, x€[0,x,] okaHnuru kenub uukagu. 2- nemma
ncooTtnaHau.
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1- Teopema. Arap B(x)<0, B'(x)20, (1/2)a'(x)—y(x)=0, xe[0,1] TeHrcusnuknap
Gaxxapunca, KynmnraH macana 6uTtagaH opTUK ednmMra ara 6ynmanau.
Uc6oTt. Kymnran macana y,(x) Ba y,(x) edsnmnapra ara 6yncuH ne6 TeckapugaH dapas

kunannuk. Y xonga y(x) = y,(x)—y,(x) dyHkums (1) TeHrnamaHu Ba

y0)=0,  [y(x)dx=0 ()

lWapTnapH1 kaHoaTnaHtTupagu. (7) TEHIMUKNapHUHT MKKMHYMCKU Ba 1-memMmara acocaH, LwyHaau
x, €(0,1) maBxyaku, y(x,)=0 TeHrnuk ypuHnu 6ynaan. ByHu avTnbopra onuo, {(4),(5)} macanaxu

kapacak, 2- nemmara acocaH y(x)=0, x €[0,x,] TeHrnukka ara 6ynamma.
y(x)=0, x€[0,x,] TeHrnukHn abTMBOPra oncak, {(1),(7)} macanagaH

y'(x)+a(x)y'(x)+ ﬁ(X)jy(t Mol Ax=D))dt+y(x)p(x) =0, x € (xy,1); (8)

Y(3) =0, [ p(x)dx=0 9)

*o
TEHINUKNAPHUHT YPUHAW SKAHNUMN Kenunb Ynkagu.
{(8),(9)} TeHrnuknapra tokopugaru ycyn 6unaH 1- Ba 2- nemmanapHu Kynnacak, LWyHOan
x, € (x,,1) maBxygkn, y(x)=0, x €[x,,X,] TEHIMUK YPUHAN IKAHNUTUHU TONAMU3.

ByHun sbTMGOpra oncak, (8) Ba (9) TeHrnuknapgaH

y"(0) +a(x)y'(x)+ ﬂ(x)j (O [Ax=D)dt +y(x)y(x) =0, x € (x,1);

X

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

X
TEHMMUKMAapHUHI YPUHAN 3KaHNUTMHN TONaMmms.
By TeHrnuknapra xam 1- Ba 2- nemMMaHu KynnavMus Ba lokKopuaarm myrnoxasanapHu
Takpopranmma. HaTtwkaga [0,1] CermMeHT nyura XovnawraH WwyHaamn

[0,x,]1.[xy, x, 1.[x,, %, ). 00[ X, x,,, ]... opanuknap cucTemacura ara 6Gynamusku, Oy opanuknapga
y(x)=0 6ynub, li_l:gxn =1 TeHrnuk xam ypuHnu 6ynagn. BynapHu Ba y(x)e C[0,1] 3kaHAUMMHK
abTnbopra oncak, y(1)=0, geraH xynocara ara 6ynamus. femak, y(x)=0, x<[0,1] . YHAaa
»,(x)=y,(x), x€[0,1]. 1- Teopema ncboTnaHam.

2-Teopema. Arap 1- Teopema wapTtnapu Ba a(x)e C'[0,1] wapT Gaxapwunca, Kyuunra

MacanaHuHr e4MMy MaBxy/z Ba sroHa bynagu.
UcborT. (1) TeHrnamanm

y"(x) = f(x), x€(0,1) (10)

KypuHuwaa é3nb onannuk, 6y epaga
S (x) =—a(x)y'(x) -y (x) y(x) - ﬂ(X)Iy(t)J o [Ax—0)]at.

Arap f(x) dyHKumsaHM Ba y(1) coHHM mabnym aeb xucobnacak, (10) TeHrnamaHuHr y(x)
€4MMU YYyH

Y(x) = p(0)(1—x)+ y(Dx + j G(x,0) f(t)dt, x €[0,1] (11)

TeHrnuK ypuHnu 6ynaau [2], 6y epaa
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x(t—-1),x<t;
(x=Dt,x>1.
(11) Tenrnukga y(0) ypHura k, Ba f(x) PYHKUMSA YpHUra aca YHWHI ugogacuHu KysMuns.

G(x,1) :{

CyHrpa xocun 6ynraH TeHrnukaa y'(f) WWTMPOK 3TraH uHTerpanHu 6ynaknanmms Ba (1)
ULITUPOK 3TraH Xaaaa vHTerpannail TapTubuHn yaraptupamus. Hatwkana

Y0 =k (1= )+ y()x+ [ M (x,0)y(0)dt , x €[0,1] (12)
KypuHULLIAary TeHrnukka ara éynamums, 6y epna
M (x,t) =[G (x,)a(®)];, - G(x,1) {70) + jﬂ(é:)fs[/l(f —t)]dt}-

(12) TeHrnukHn x 6ynnya [0,1] opanukga wuHTerpannab, (2) wapTnapHUHT UKKUHYUCUHK
abTMnbopra oncak, y(l1) HoOMabnyM COH Kynnaarmya Tonunagau:

(1) =2k, — k-2 y(t){ | M(x,t)dx} dt.

Y1) HuHr 6y udopacuHn (12) TeHrnuKka Kyimb, 6abav Wakn anMalTUpULLNAapHU
baxapcak,

1
Y = [ M, (xr,0)3(0)dt = F(x), x €[0,1] (13)
0
KypuHULLIAary TeHrnukka ara éynamums, 6y epna
1
F(x) =k, (1-2x) + 2k, M, (x,0) = M (x,0) = 2x | M (2, 1)dz.
0

(13)- y(x) HOMabnym pyHKUMAra HUCHaTaH MKKMHYM Typ PpearonbM MHTErpan TeHrnamacu

oynuo6 [3], kyymnrad macanara sakeuBaneHTamp. LyHWHr yyyH Oy MHTErpan TeHrnama e4MMUHUHL
MaBXyaSIMrn Ba AroHanmurn KymunraH macana €4UMUHWHE aroHanurngaH, SbHu 1- Teopemagad
kenub unkaam [3].

(13) nHTerpan TeHrnamaHuHr ednmmn M, (x,t) apnpo pesonbBeHTacu R(x,t) épaamuaa

y(x)=F(x)+ j R(x,0)F(t)dt, xel[0,1]

KypuHULLAa é3unaan. by TeHrnukaaH donagananué kypcatuw MymkuHkn, y(x) e C[0,1]1nC*(0,1).
2- Teopema ucbotnaHau.
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