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AHuK Ba Tabumin ¢panaap

MATEMATHKA

YOK: 517.9+517.948.3

KACP TAPTUBIN BUP OAOUA ANDDEPEHLNATN TEHITTAMA YYYH JTOKA BA HOJNTOKAN
MACAIANAP

0.Opunoe

AHHOMauyus
Makonada kacp mapmubnu bup odduli OugbghepeHyuan meHanama ydyH UKKU HyKmanu ea uHmeezpas wapmiu
yeezapasuli Macananap KyliuneaH ea ynapHuHe eyuMiapu OWKOp KypuHUwoa mornusaaH.
AHHOMauus
B cmambe [locmaeneHbi Kpaeeblie 3adaqyu € 08yXmoO4Ye4HbIMU U UHMegpasbHbIMU ycrosusmu Orisi 00H020
06bIKHOBEHHO20 OuhghepeHyuanbLHO20 ypasHeHuUs1 OpobHO20 ropsidka, HalideHbl peuweHUsl NocmasyieHHbIX 3aday 6
sI6HOM 8ude.
Annotation
In the article boundary-value problems with two-points and integral conditions for a ordinary differential equation
of fractional order are set and solutions of these problems are found explicitly.

TasiHy cy3 ea ubopanap: kacp mapmubnu xocuna, kacp mapmubnu o000uli ougghepeHyuan meHznama,
yezapasuli Macana, uHmezpan meHanama, Mummae-flecghgpriep cbyHkyuscu.

Knroveenlie cnoea u ebipaxeHusi: npou3godHasi 0pobHO20 ropsidka, 0bbIKHOBEHHOe OughghepeHyuansHoe
ypasHeHue dpobHoz0 nopsidka, kpaesasi 3adaqa, UHmezpanbHoe ypasHeHue, hyHkyusi Mummaez-Jleghchnepa.

Keywords and expressions: derivative of fractional order, ordinary differential equation of fractional order,
boundary-value problem, integral equation, Mittag-Leffler's function.

I. Kupuw

Arap TeHrnamaga Oup y3rapyBd4aH HoOMabiym YHKUMAHWHE chakaT kacp TapTubnu
xocunanapu kaTHawca, O6yHganW TeHrnama kacp Taptvbnu opavi guddepeHumMan TeHrnama
aevnnagn. ByTyH TapTmbnn ogaun anddepeHuman TeHrnamanapra yxwat kacp Taptuénu ogamn
aunddepeHumnan TeHrnamanap y4yyH xam Kown Ba yerapasuini MacananapHu ypraHuw MyMkuH[1,2].
BbyHoan TeHrnamanap Ba ynapra KyiunraH —Macananap = xaksgarm - MabrymMoOTRapHU
A.M.HaxyweBHUHr “0pobHOe UcYnCrneHne n ero npMMeHeHne” Homnm KuTobngaH TonNUL MYyMKUH.
XycycaH, A.A. KnnbachHuHr “Teopusa n npunoxeHns aumdpdepeHumanbHbiX ypaBHEHUA APOBHOro
nopsigka” HomnyM Mabpy3anap Kypcuga [2] Puman-Jlymsunn mabHocmgarm kacp tTaptubnu xocmna
kaTHaLuraH ywoy

Dgcy(x)—/ly(x):f(x), a<x<b, >0, 1eR (1)
UN3VKNN AUdpdpepeHuman TeHrnama yuyH
[Dfx_ky(x)] _ =b, b eR, k=12,..,n, n=[a]+1 (2)

wapTnap 6unax Kol Tunuaar macananap ypraHunra.
Arap f'(x) € C,[a,b] (0<y <1), 6y epna C,[a,b]= {y(x):(x—a)'” y(x)e C[a,b]}

dyHKUMANap cuHduga aHmknadraH éynca, {(1),(2)} Kowwn macanacu 6up kuamatnm ednnagm sa oy
eyum Kyrnungaru
u b, y(t)dt f(t)dt
y(x)= == (x=a)" I ) ot j )1 ~ (3)
ST (a—j+1) r(Of) (x-0)" T (a) (x—1)
2-Typ BonbTeppa nHTerpan TeHrnamacuHUHr e4umMmu cudpaTtnga aHuKnaHagu.
KeTma-keT sakuHnawuiw ycynugaH donganaHmd, (3) wvHTerpan TeHrnaMaHuHr  evyrMin
Kynngarm KypuHuLAa TOnumraH:

' A.0Opunoe — ®ap[]y mamemamuka UyHanuwu ma2ucmpaHmu.
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1 2 li (x )Dli+0! ! i aj+a-1
=S b. —
y(x) ’,ZF(az+a ]+1)+J.L 0F(051+a) t (t

J=1 a

(4)

X

:2?@(x—afﬁl%ﬂﬁﬂ[ﬂ(x—aY}+J(x—OWJE;aLﬂx—tﬁ}f{ﬁdﬁ
J= a
By epna E, ,(z)- MutTar-lledcriep dyHkumacn 6yug,

Z)ZZ(;F(ak+ﬁ)

KypUHULLAA aHUKNaHagu.

Il. MacanaHuHr Kyinnuwm

1-macana.
Dg;y(x)—ﬂy(x):f(x), ae(1,2), xe(O,l), AeR (5)
TeHrnamaHuHr
£1L101 xz_"’y(x)} =k,, (6)
y()=k, (7)

Yyerapasuii LLAPTNapHN KaHOATAAHTUPYBYM €4UMM TOMMUMCUH.
(5) TeHrmamaHWHr ymymMun ednmm [2] ra acocaH

y(x)= j(x—t)a_l E,, [ﬂ(x—t)a]f(t)dt +Cx“'E,, (lx )+ Cx"E, 1(ﬂwco’) (8)

dopmyrna 6unaH 6epunagw.
(8) eunm cpopmynacuHm (6) wapTtra GyncyHanpamms:

lim{xz'“f[(x - t)m_1 E,, [ﬂ,(x - t)a}f(t)dt +Cx"™-x""E,, (/’Lx )+ Cx™-x"E, | (ﬂ "‘ )} =
0

x—0

=lim{x2'“;.j(x—t)a_l E, | A(x=t) |f(0)dt+Cx-E, , (1x")+ CE, . 1(/1)6“)}:

x—0

=lim<Cx- 1+/1xa +122a+ +C ! + Ax +/122a+ +
x>0 () T(2a) T(Ba) 7] |\ T(a-1) T'(2a-1) LBa-1)
z_ax a-1 a _ 1 _
+x !(x—t) E(w[l(x—t) ]f(t)dt}—Cz-m—ko,
C, = kOF(Ot—l). (9)
(7) Ba (8) TeHrnuknapaaH Kynnaarin HaTuKaHu XOCUn Kunamma:

y(l) = {Clx“_lEa’a (ﬂx )+C x* zEaa l(lx“)+I(x—t)a_l E,, [ﬂ(x—t)a]f(z‘)dt} =

x=1

L () G (W a0 205000} -

x=1
C,=kJ (a—1) ea E, ,(A)#0 skannurupan doitnananme, oxvpru Terrmakaar C, Hu
Ovp KMAMaTnn Tonamma:
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C =k -k, (a-1)E Ml {

O'—.k

x—t)" a’a[l(x—t)a_l]f(t)dt} x

x=1

«[E, ()] . (10)
1-teopema. 1< <2, 0<y <l Ba A€R 6yncuH. Arap f(x) eC, [0,1] 6ynca,
{(5),(6),(7)} yerapasuin macanaHuHr y(x) S Cg’_a [O,l] ednmn (8) cbopmyna bunaH Gup KMuMaTIun
aHvknaHagw, 6y epaa C, Ba C, nap (9) Ba (10) dopmynanap 6unaH Tonunagu.
LLlyHra yxwaw Kynmgarn macanaHu Xam ypraHuw MyMKUH:
2-macana. (5) Tenrnamanutr Cy [O,l] dyHKUMANAP CUHpUAA aHUKNaHraH Ba

a, hml:x2 “y(x):l +b, !Ciiroll:xl'“y(x):l =k,

x—0
a,y(1)+b,y'(1)=k,
yerapasuii LIAPTNAPHN KaHOATMNaHTUPYBYU y(x) eunmmn TonuncuH, 6y epaa a,,a,,b,,b,.k ,k,-

BepunraH Xakukuin coHnap 6ynmo, af + b12 #0 Ba ai + b22 #0, f(x) eC, [0,1] :

FOkopugarn macananapga kacp TaptTubnu ogani andpdepeHumnan TeHrnamanap y4yH fnokan
LWapTnM Macananap, AbHU UKKWU HyKTanu Yyerapasuii MacananapHu ypraHguk. dHam (5) TeHrnama
YYYyH HOMOKan wapTnu macananapgaH 6up Typu OynraH wHTerpan LwapTnu macananapHu
ypraHamus.

3-macana. (5) TeHrnamaHuHr (6) Ba

b
=Iy(t)dt+k1 (11)

LIapPTNapHN KaHOATNAHTMPYBYM eunmmn TonuncuH, 6y epaa k,, k,,a,b—6epunran xakukuii coHnap
6ynn6, 0<a<b<l1.
dapa3 Kunaunuk, f(x)EO O6yncuH. Y xonga (5) TeHrmamaHuHr ymymuii edmmn (8) ra
acocaH
y(x)=Cx*'E,, (/Ix )+ Cx*E, 1(/1)6“) (12)

dopmyna 6unaH Tonunagw.

(12) dpyHKUmMaHK (6) wapTra Kynmnb, (9) TeHrnukka ara 6ynamms.

OHon (12) eyum copmynacuHn (11) waptra 6yncyHgmpamms. (7) Ba (12) TeHrnuknapra
acocaH

y(1)=CE, ,(2)+CE, . (2). (13)
(11) LLIapTHI/lHI' NKKUHYM FIpMVI YUYYH Kyngaru HaTmmanapHm onamma:
Iy dt_CIz"’ 'E, ﬂt“)dt+C2jta °E, (At )dt =
© A/ t aj ﬂj aj
=C |“"Y —/———di+C t“ dt.
'!: ST(aj+a) '[ F(a]+a 1)

CoppanawTtmpuwnapaaH CyHr,

b 0 ﬂ]ba’j o) ﬂjaaj
dt=C,| b” —a”
_!y(t) =t ;F(aj+a+1) ¢ jzz(;r(aj+a+l)
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2 AbY 2 AMa"
+C ba—l A a-1 " =
? jzz(;l“(a]#a) ¢ ]Z:(;F(aj+a)

=G| bE, .. (W")-a"E, .\ (4a") |+ C| B, (") -a"E,,, (2a*) | (14)

oo+l

xocun 6ynagm.
TonunraH (13) Ba (14) napHu (11) ra kyamus Ba

CE,.(A)+CE,, (1)=G|bE,,.,(4)-a"E,,.(Aa") |+
+C,[bE, , (46°)~a"'E, , (2a") |+ K

TEHrMUKHM xocun kunamus. by eppa (9) TeHrmukHu abTMGopra oncak, C, 6up KuiAimaTnm
aHvKnaHagu:

k[ (a=1)b"E, (") -a""E,,(4a") - E,, ,(2)]
E,,(A)-b°E,, (4" )+a"E,,. (Aa")
2-teopema. I < <2, 0<y <1 Ba A €R 6yncuH. Arap f(x) =( 6ynca, {(5),(6),(11)}

C = (15)

WHTerpan LwapTnM mMacanaHuHr y(x)eC;’_a[O,l] ednmn (12) copmyna 6unaH 6up kuamatnu
aHvknaHagw. by epaa C, Ba C, nap (9) Ba (15) chopmynanap 6unaH Tonmnaau.
KOkopmaarn macanaHm f(x) # (0 6ynraHga xam ypraHuw MyMKUH.

LyHra yxwaw ycyn 6unaH nHTerpan wapTnu MacanaHuHr Kymmaars ymymnalwmMacuHn xam
ypraHuwl MyMKuH:

4-macana. (5) TenrnamanuHr C,' [O,l] dyHKUMSNap cuHuga aHUKNaHraH Ba

a, £1£101 xz_o‘y()c)]+b1 £1£IO1 xl_“y(x)]=k : (16)
w By
y(l)chnIy(x)dx+k2 (17)
n=1 a,

WwapTrapHu KaHoatnaHtpysum y(x) euamu TonuricwH, By epaa a,.b.c,.a,.p[,.k .k, -

6epunran connap 6ymm6, a’ +b’ 20, O<oy < B <o, <fB, <..<a,<pB,<1, neN.
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