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AHuK Ba Tabumin panaap

MATEMATHKA

YOK: 517.82+517.43+517.22
APANALL KACP TAPTUBJIU UHTETPAJIJIAP BA XOCUIANAP

X.KocumoB, B.TunnabaeB

AHHOMauyus
Ywb6y makonada apanaw kacp mapmubniu uHmeegparnnap ea xocunanapaa mabpug bepuneaH xamoa ynapHuHe
b6ab3u xoccanapu ypa2aHurnaaH.
AHHOMauus
B Hacmosiweli pabome OaHbl onpedeneHusi uHmezpanam U rnpou3eo0HbIM CMeuwaHHo20 OpobHo20 nopsidka u
U3yyeHb! HeKomopble ux ceolicmea.
Annotation
In the work mixed fractional order integrals and derivatives and their some properties are studied.

Kanum cy3 ea ubopanap: uHmezpan meHznamanap, apanal kacp mapmubnu uvmezparn, apanaw Kacp
mapmubnu xocuna.

Knrodeenie croea u ebipaXkeHusi: UHMezparbHble ypasHeHUs, uHmezpan cMewaHHo20 OpobHo20 nopsoka,
CcMelwaHHasi rnpou3eo0Hasi pobHO20 nopsidka.

Keywords and expressions: integral equations, mixed fractional order integral, mixed fractional order derivative

1. Kyn y3rapyBuyaH A6en uHTerpan TeHrnamacm.
Buara (0(x)=(0(x1,...,xn) xamaa f(x)zf(xl,...,xn) Kyn ysrapysyaH cyHKUMSNap Ba
a= (al,...,an ) (a'l, o4 ) coHnap G6epunraH 6yncuH.
Ywoby

KypuHUWAarn TeHrnama Kyn y3rapquaH Aben uHTerpan TeHrnamacu genunagun. by epga F() -

SnnepHuHr Namma pyHKUmnAcK [1] :

by TeHrnukga [2] vwgparn kabu X, Hu 7, (i=1,_n) OunaH anmawTnpmud, xap WKKu

1 o . .
TOMOHWHHA ndgopara kynantmpamus Ba f,...,[, OGynmua moc pasuwpga

x =) (x,-1,)"

a,naH X, (i=1,n) raya MHTerpannaimus:

1% dt,..dt, T (158, ) ds,.uds,
JJ; _tl allm(xn_tn) :1':‘;[ (t Sl)l al...(tn _Sn)l—an
f > ,n)dt t,
- '[ '[ .(x” —t, )a"

Oupuxne dopmynacura acocaH MHTerpannam TapTUBMHN anmMawTupub, Kynmaarm

F(a

X.Kocumoe — ®ap/]Y, cpusuka-mamemamuka ¢haHnapu Hom3o0u, doueHm.
i B.Tunnabaee - @ap[ly OudpcpepeHyuan meHenamanap UyHamuwu
i MazucmpaHmu.
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AHuK Ba Tabymi ¢panaap

MATEMATIHIKA

1 T,,,Tgp(sl,...,sn)dsl...dsn X

T(e).-T(e,)s &
Xxl X, dt,..dt, = @
P o ) )
f Lol ) dt
SR

TEHMNKHN xocun Knramms. TeHFJ'II/IKHI/IHF yan TOMOHMAarn N4YKN MHTEerpannapaa

t,=s8 +71, (xl. -, ), (i = l,n) anvawTupuw Gaxapamms:

T J- dt,..dt, _
Lo (- )a1 w(x, =) (4, -, )l_a1 2, =, )l_a”
=B(a,1-)..B(a,,1-a,)=T (o)L (1-,)..I'(e, )T (1-«,).
Y xonpga (2) ra acocaH Kyuagaru TeHrnuk prHnm 6ynagm:
S (st dt,..dt,

I...jgo(sl,...,sn)dsl...dsn—r(l )- F(l a)J- I(xl —)"(x, —1,)"

aq a,

. (3)

By TEHIMUKHM Xap UKKA TOMOHWUHW X,,...,X, Yy3rapyeuunap Gyivndya guddepeHumannab,
Kyn y3rapyedaH ABen nHterpan TeHrnaMacuHUHI e4MMUHM xocvm KMnamms:

1 S (b5t )ty
Xiseenn X, ) = J' L (4)
o(x, )= I(l-¢)..I'(1- 0()8)61 x5 0 (x=1)"(x, - )
WyHpan kunub, arap (1) TEHrMamaHWHT e4Ynumu Man(y,q Oynca, y (4) kypuHuMwpa

ndoganaHaaw.
Ly ycynga kypcatuw MyMKI/IHKI/I ym6y

qo(tl, J)dt.di, i
T o e ) ®
WHTerpan TeHrmaMaHuHr e4nMu
1)’ ! t,..,t,)dt,..dt,
(D(xl,...,xn)— ( ) 0 J' J‘ f(l - ,,) (6)
F(l a) F(l a)@xl 0x, (t ) ---(fn— n)

dopmyna dunaH aHnknaHagu.
2. Kyn y3rapyB4aH (pyHKUMUS YUYH apanail Kacp TapTubnu uHrterpan.

:{(xl,...,xn): a <x,<b, —oo<al.<bl.<+oo,i:1,_n} 6yncuH.
Tabpud. (p(xl, WX )ELI( )Ba o, >0, i=l,_n 6yncvH. Ywby

—a,— Uy,

l)a1 Sy _a”¢)(x1,...,xn):

_[ j(xl ) (x, —,) T x (7)

r(al) r(an)al a,
x@(t,,....t,)dt,..dt,

l 6 2018/No2 l




AHuK Ba Tabumin panaap

MATEMATHKA

ay,= 0 5

Dxl’ ’xrnbl QD(XI, Xy ):

1 b b, e o
= )T (a )J...J(z‘l—xl) 1...(tn—xn) 'x (8)
1) n)x x,

I'(a

x@(t,,....t,)dt,..dt,

KypuHuwgarn wudoganap Kyn yarapysdaH go(xl,...,xn) DYHKUMAHUHT  (PumaH-Jlnysunn)
MabHOCKUAarn apanaw kacp TapTmbnun nHTerpannapv genmnagu.

D p(Xpeenx,) BA DI (XX, )

.....

dbyHkumanap Q coxaHuHr gespnu Gapua HykTanapuaa aHuknaHraH 6ynuo, Ll(Q) CUHcpra

Teryuwnu 6ynagu.
By Tabpudra acocaH (1) Ba (5) kyn yarapysdaH Aben nHterpan TeHrnamanapuHm

Daal’aaicl T (D(xl’ Xy ):f(xp---,x,,), a, >0, i=1,n,

""" — 9)
—Q,m 0 5y Ay — ;—
D P(x5e00x,) = f(x500x,), @, >0, i=Ln
KYpPUHULLAA E3ULL MYMKUH.
Arap O<¢,, o, <+, i=1,n 6ynca, Aesipnu xaMmma (xl,...,xn)eQ yUyH
—p =0 5= Uy YT AT T Ay —A Ay ey
D ..... Ay 3 XY e Xy Da ol 3 X s X f('xl’ ‘xn) Da sl 3 X s Xy X (10)
Q5= 0 5=y (anr+ap )~y 1+ )ss _(an1+af12)
xD, f(xl, X, )= D S (0 ,x)
TEHMMUKHUHE TYFPU SKAHMTUIMHW TEKWNpaMU3:
1
RSP P 2 B T —0’21 ----- —O’nl —0 —0‘22 ----- —Cp2
D Ay 33X s X Da f(‘xla"‘axn) r r r D .......... X, X
(@) (ay)-T(a,) °
X X,
—oyy -1 =01
[ Gr=t) (o, =2,) 7 S (bt )ty
a a,
Ywoby TeHrnukga X, Hu f, GunaH f, HM S, OGunaH (i=l,n) Genrunanmma:
D_al2 =0 e _anZD_all —0‘21 _anlf(x X ) 1 T2y ey g
XXy T Qe 195"

ay s

F(O‘n)r(au) r(a ) sl X)X
4o,

X II (4, —s, )_a“_1 1, -, )_0("1_1 F (815008, )ds,..ds,,,

a a,

'XU

! T —ay,-1 ¢ _g _a"l_lx
T(a, )T (@) (a,) T (e, )T (ay).- r(%)f ”";[(t‘_s‘) (=)

><f(sl,...,sn)afsl...dsn:l(xl -1, )_a”_ w(x, -1, )-a,,2-1 dr,..dt,
Ovpuxne dpopmynacugan doriganaHmb, nHTerpannaw TapTubmHu anmawTmpuob,
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AHuK Ba Tabymi ¢panaap

MATEMATVIKA
1
f Sy yennyS ds ds, x
(e, )T ()T (@) T, T (). I J : v
X fj(tl -, )_0‘“_l ot =, )_a"‘_1 (x, -1, )_%_l EAET )_a“_l dt,..dt,

TeHrnMKkKa kenamm3. OXxuprn uykm wHTerpanga f, =s; + (xl. —s[)rl., i=1,n anvawTnpuw
HaTwXacuaa Kymaarm TEHITIMKHW XOCUM KUnamus:

['(e,).-T(,) T(er,).-T(e,,) y
I'(a,).-I(e,) T(e,)..T(e,,) T(et, +...+a, )T (e, +...+,,)

J‘ J‘(x1 l)ocll+ozlz—l (xn g ) ,11+a,,2—1dt dt _ a—(a11a+0212),..;Z—(a,,1+a,,2)f(xl’m’xn).

a a

n

By aca (10) TeHrnuK TYFPU 3KaAHMUMMHW KypcaTagu.
LyHra yxwatu
Da a“a 0;211 . anlDalaDa O;_zlz - nzf(xl’ xn) — Dﬂ1(ﬁl,1a:;0212,.).’.,§j21+a22) ----- (anl+an2)f (xl""’xn)
TEHIMUKHU XaM ncboTnatl MyMKUH.
3. Kyn y3rapyBuaH ¢yHKLMA YyUyH apanaw Kacp TapTubnu xocunanap.

Tabpud. (p(xl,...,xn ) — €2 coxapa aHuknaHran Ba O<q, <1,i= I,_n BYnCuH.
1
Dal,...,an - —
al>""an;x15‘“>xn¢(x1, xn) F(l_a1)--.r(1_an) "
y o jf gp(tl,_.;tn)dtl...dtna
5x1...8xn - (xl —1‘1) ! m(xn —tn) "
(=1

1—a1)...r(1—an) §

(11)

9

Dyt (X, ) = - (
(12)

n

b b,
y 0 J- J- ) dt,...dt, ,
oxp..0x, 13 (4 —x .(tn—xn)a”

n

KypuHuwpgarn wudoganap (p(xl,...,xn) beHKLl,VIFIHVIHF apanaw kacp Taptubnu (Jlnysunn

MabHOCKAaru) xocunanapu genmnagu.
by Tabpudra acocaH (1) Ba (5) kKyn yasrapysdaH ABen WHTerpan TeHrnamanapu e4YMMuHn
OepyBun (4) Ba (6) TEHIMUKIIAPHM MOC paBuLLga

P(X50%,) = DZ{?::;;,“'; e (XX,
(D(XI,. ) Dal b, f( )

KypuHULIAA E3ULL MYMKUH.
Kynngarn wndpoganap (p(xl,...,xn) YHKUMSHUHT  apanawl  Kacp Taptmbnu Xxycycui
xocunanapu gennnagu:

(13)

!
“T(-a).T(-a,)

2018/No2 l
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AHuK Ba Tabumin panaap

MATEMATHKA
1 an—l X X
X U I
F(1-a.,).-T(1-a,) 0x..0% 0% ,..0x, 5 2
Xx]:rlm]ﬂ q)( [oeees n)dt dlk ldtk+1 d
G 4 (xl -4 )0[l "'(xk—l - k—l) - l(xk+1 - k+1) o "‘(‘xn -1, )an
1
Dal,...,a,f_l,0,0,ak+2,...,an yeees —
Q) eyl 3 X poees Xy gp(‘xl x") 1—*(1 _ a])l“ (1 _ ak—l)' x
1 an—2 X Xk
X X
F(1-a,,)-T(1-a,) dx..06_ 0%, ,..0x,, =
xv]tz”'n _ gp(l’ . )dkfl dt dt (/fz _
@, @ (x1 —f1) ...(xk_1 _tk—l) ()c,ﬁ2 —tk+2) ...(xn —tn) !
Ba X0Ka30
1 0 §9(t1a “ n)dt _ (14)

00050 o (o X
Diats (Koo ,) = C(1-o,)ox, ; (x—t,)"
) dyHkuma €2 coxaga a6conr0T yanykeus 6ynca, () coxaHuHr

lNlemma. Arap go(xl,
) PYHKLMSHUHF (0{1,...,05”) TapTMbnu Xxocunanapu

Aespnu 6Gapya HykTanapvaa (p(xl,...,xn

mMaBxyqd 6ynub, kynmparu doopmynanap ypuHnu 6ynagu:
[ (/’(ala »a, ) n

1
(x,—a)"(x,—a,)” (15)

Dal o
i (%, ) = r(l-«)..I'(l-a,)

H O p(tyt,) dr}

(x —1,)" on..x,
9(b,--:b,)

1
Dal ,m,a,f yees —
) r(1—al)..-r<1—an>{(bl—xl)“‘---(b,,—xﬂ)“"

(16)
S 1 0"
+=) H ) ) Gy, ! L) et
Mucon: @(X,,....x, ) =(x, —al)al_l...(xn ~a,)" .
1 0"

D X)) =
@y 5enes 3% s-~>xn¢)(x1’ xn) r(l —Q )r(l — a,,) 5x1...8xn g

o f =) =) (=) o, — Y e,
a a,
TEHrnuKnap opkanu

Whterpan  ysrapysuvcuHn 1 =a, + (xi -a, )z'l. . i=Ln

anmawTnpammns;
fl [ =), = 1,) ™ (=) ety — )" dyedt, =
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AHuK Ba Tabymi ¢panaap

MATEMATIHIKA

1 Q; _ % _ n 1
J' 7 ('xi ai) (z)le ai)dria _ J'z_;z,-l(l_z_i)—ai dr, =
o(x,—a)(x,—a) 7.(1-7,)" "y
T [B(ap1-a)=][I(a)r(1-a,)

i1 i1

1 0" «
I(l-a).I'(1-a,) ox,..0x,
xI(ar)..T(e,) T(1-)..T (1-c,)=0

Kynngarn wndoganap f(xl,...,xn) OYHKUMSHUHT  IOKOpW  apanaw  kacp TapTtubnu
xocunanapu genvnagw.

Do f (x X ):
QY sy 53X 50X, 12°°*2"%n

A5

ap,...,a, xl V(D('xl’ ° n)

1 am1+”.+m,l
L(m —a,)..T(m,—c,) ox"..ox" §
XXI'”T f(tl’ . )d df ’
s (Xl _ tl )al—m1+1 ...(.an _ fn )a =, +1

6y epna m, =[05i]+1 : i=1,_n.

(17)

Opatpa «, >0 6§/nraH,qa, Kacp TapTMbnu uHTerpannap KypuHiwmnaa wudoaanaHysun

pyHKUMANAp CUHpU Da - (Lp) 6unaH 6enrunaHagu, SLHU

axl

Dy (Lp):{f(xl,...,xn):f(xl,...,xn):Da‘l"’_"{”;';;'):’ijn(p(xl,...,xn),
P(x;%,) €L, (Q), 1< p <0},

n) oynca, y xonga

Tabpud. ¢, >0 (i=

a5 - 50, _
Da .4, xl X, Dal,...,an;)cl,.“,xn(o(xl9"'9xn) - §0(x19---,xn )9

(18)
Dfl xa - D;Tj;;’,j}f,’f..,bn(ﬂ(xp---»xn) =p(x,....x,).
TeHrnuknap 6apya D (L ) yHKLUMANAP YYYH,
D;ala 25 X] > xDZI ,a, xl x@( 19 Jx ) ¢)(x1, 9 )3 (19)

= ... (04
Dxlxbl belxbl bgo(xl’ ,X) ¢(‘xl’ ’n)
TEHIMUKNap 3ca Moc pasuwaa bapya

P(x,enx,) €D 0 (L), (%500 x,) €D 00 ().
dyHKUMsaNap yyyH 6axxapunagu. (18) TeHrnukHyn ncbotnamnuk. Tabpudpra kypa

A yees — 05—, ( ) _
Dal oy 3X] e xl)a1 ol 3 X] e x¢ Xpseens Xy ) =

= D | ot )dl,..dl
Q) ey 3X] e x,, r (a1 ) T (a ) ;‘: (;[ ('xl n tn ) w(tl l ) t t
1

-1
= D% 0:,, _ . B g d
I(e,)-T(,) D f I(x1 0 (3, = 1,) (ot )y,

a a,
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MATEMATHKA

tOkopuparv udopaga x;, HM £, 6unaH £, WM aca s, i=l,n GunaH anmawTMpamMn3:
1 0" «
I'()..T(a,)T(1-,)..T(1-a,) ox,..0x,

I j(xl—t) (x,—t,) " dt,..dt, x

a a,

_[ J. R R (A ) go(sl, .S, )ds,...ds, .
CyHrpa Qupunxne q)opmynacm,an donganaHnb, nHTerpannap TapTMbrHM anvawTNPamMmns:
1 0"

()T (a,) T (1-at,)-T(1-a,) ox,.0x,

X T...T¢(sl,...,sn)dsl...dsn X

xT "I dt,..dt, N
i CORT ) R A R U I A I

T ]- dt,..dt, _
W (=) ey, —-,) (4 _Sl)l_a1 (t, _Sn)l_an

=

; T(X—S "(x, —s,)dr, ; -1l o
Py T L (1)
—HF r(l-e,)

BbyHun abTnbOpra oncak,

A ey, —0y = _
D D " (p(xl,...,x )—
A sy 32X ey Xy A yeneslly 35X 5ees Xy n

an XX
=5x1...8xn;[ ;.-(D(Sl’ ’Sn)dsl dsn—¢(x1> ,xn)

TEHMNUK xocun 6ynaaun.
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