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Just perienust mudpepeHIrnanbHbIX YPaBHEHUH IPOOHOTO MOPS/IKA UCIIONIB3YIOTCS KaK aHau-
TUYECKHEe, TaK ¥ YUCIIEHHbIE METOJbl. B CBSI3M ¢ GONBIIMMHU TPYAHOCTSIMH, BOSHUKAIOIIUMU TP T10-
UCKE aHAIMTHYECKHUX PEIICHUH YpaBHEHHN ¢ APOOHBIMH MPOHM3BOAHBIMHU, B 3TOHM CTAaThe MPEANPHHH-
MaeTcs MOMBITKA Pa3padOTKN YUCIEHHOTO METO/IA €T0 PEIIECHUSI.

YHUPHUIUPOBAHHBIM METOJOM NPHOIMKEHHOro penieHus auddepeHranbHbIX ypaBHEHUH,
MIPUMEHUMBIM IS LIMPOKOTO KJIacCa YpaBHEHMH MaTeMaTH4YeCKOW (M3UKH, SIBISETCS METOA KO-
HEYHBIX pa3zHoCTel (M1 MeToJ ceTok). Eile oHuM JOCTOMHCTBOM JaHHOTO METO/1a SBJISIETCS Tp O-
CTOTa €ro peaanu3alli U YHUBEPCAIBHOCTh MOJIY4aeMBbIX IPOTPaMM.

B Merone KOHEYHBIX Pa3sHOCTEN OCYILECTBISETCS MEPEX0J] OT HEHMPEPBIBHON Cpeabl K HEKO-
TOpOM ee aucKpeTHOU monenu. IIpu TakoM mepexone JOJIKHBI COXPAHATHCS OCHOBHBIE CBOMCTBA
¢busnueckoro mpoiecca, Mpexae BCEro 3aKOHbl COXpaHEeHUs (TeIula, MacChl, JHEPTUU U T. 11.).

B pabore uccienosana kpaesas 3a1a4a Uisl ypaBHEHUS TEIUIONPOBOJHOCTH C IPOU3BOIHBIMU
apoo6Horo nopsiaka. [lomydeHsl ycloBUsl yCTORYMBOCTH Pa3HOCTHOM CXeMBbI C BecaMHu JIsl ypaBHe-
HUSI TEMJIONPOBOAHOCTH € IPOU3BOAHBIMU IPOOHOIO HOpPsAKa.

KirroueBbie cnoBa: dpobHaa npouzeooHas, annpoxkcumayus, pasHOCMHAS cXeMd, YCmoudu-
80CMb, CXOOUMOCTD.

UucneHHbIM MeTOJaM perieHus nuddepeHnnanbHbIX YpaBHEHUH C MPOU3BOIHBIMH
IpOOHOTO MOopsiiKa MOoCBsIIeHb padoThl [3—10].

KpaeBas 3a5a4a 1J1s1 ypaBHeHHs TeIJIONPOBOAHOCTH ¢ APpoOHOI npon3Boanoii Caputo
PaccmoTpuM cneayroniyro KpaeBylo 3afady Ul YpPaBHEHHUs TEIUIONPOBOJHOCTH C
orepaTopoM ApoOHOro AuddepeHInpoBaHUS.
Bagaua. B oomactu D ={(X,1):0< X< R,0<t <T} maiitu pemenne ypaBuenus

o*u(x.t
S‘tU(x,t)=C(x,t)%+ f(x,1), (1)
YIOBJICTBOPSIIOIIEC HAYAJIbHOMY YCJIOBHIO: U(X,O) =y (X) U KpaeBbIM YCJIOBUSM:
u0,t) = £ (t), u(R,t) =1, (1), )
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rie 0 <a <1, C(X,t) 2 0. 3necs U(X,t) — remmeparypa, C(X,1) > 0 — xosdpunment

tertonposonnoct, f(X,t) — yaenbHas MIOTHOCT TEMIOBBIIENEHNS 33 CUET BHYTPEHHUX
1 tu'(xs
MCTOYHUKOB, ag‘tu(x,t) = [ ( )dS npobuas npoussoanas Caputo [1].
I'd-a) ot —s)*

YuciieHHbIH MeTOJ pelieHHs KpaeBoii 3agaum. Pemenue 3anauu (1), (2) Hailnem

qucenHbIM MeTofoM. Jlis sToro B ofnactu D = {(X,1):0<x<R,O0Lt<T} BBemem

cetky W ={(Xp,t,): X, =mh,t, =nz,m=0,1,..M,h :5,n =0,1,2,..., N,r:%}c

maroM hmo X u 7 mo t.
J1siss IpOM3BOAHON IPOOHOTO MOPSIKAa MMEET MECTO CIICAYIOMIasi pa3HOCTHAs armpoK-
cumanus [6]:
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o’u(x,t u(x,,,.,t) —2u(x_,t) +u(x,_,,
[aiz)):( 1) - (h2> oY) | ochy. @

Bocnonp30BaBmIMCch, pa3HOCTHBIMHU anmpokcumanusmu (3) u (4), moaydum pa3HOCT-

HYIO 33J1a4y C BecaMu
1 n+l
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n n 0
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PaznoctHyt0 cxemy (5) 3amuiinemM B OIepaTopHOM BHJIE:
(E+o-TQR-a)r*Au™ =(B+(1-o)[2-a)r“AU"+T2-a)r“p" -
n-2 ) ) (7)
—Z(u Tou (M -k+D)" —=(n=k)"™),
k=1
rae U = (U, Uy, UN )5 0" = (0,0 R )

n Uny —2Um +U,_
B dopmyne (7) (uo(xl):uo(xz)r--auo(XN—l ))T > (AU)m = _Cm 1 1

h? ’
2-2"* 0 0 .. O
0 2-2"*0 .. 0
B=
0 0 0 2-2

YCeTOHYNBOCTH PA3HOCTHOI CXeMBbI 0 HAYAJIbHBIM IaHHBIM
Paspemmmocth ypaBHeHns (7) oTHOcuTenbHO U™ SKBHMBaNEHTHA 0GPATUMOCTH OIe-
partopa E+o-I'(2—a)r“A. Oneparop E+o-T'(2—a)r” A Oyner umMeTh OOpaTHBIN, €CIIU
norpedosathk 1+o-I'2—a)r”4, >0, k=1, 2, ..., N-1, rme 4, >0 — coOCTBEHHbIE YHCIHIa
oneparopa 4 [2].

Tlpu Kasaom N pemernn UL =U(Xq,t,) MoxHO npeacTaBuTh B BHC
M -1
U(X»th) = 2Cs (1) ats (X)) . (8)
s=1
IIpaBas yacTh (Dr?1 ypaBHEeHMs (7) Takke AONYCKAeT pa3iokKeHUe

POt = D ()1 (%) ©)

3nech C¢(t,) u @, (t,) — kooddurmentsr Pypse dynxumit U(X,,t,), @(X,,t,)coor-
BerctBeHHo. lloxcrasnas (8), (9) B  ypaBHenue (7) ¥ yuuThIBasg, 4TO
(/us (X));,m = _X’s:us(xm)a HOJIy4ruM

mem)[z Cﬁaﬂ;‘)’j}) (M=K +1)" (k)" )+ o2,c, (t,.,) +

+ (1 - O-)ﬁ“scs (tn ) - qbs (tn )] =0

®Oyukiuu g (X) nuaelino HezaBucuMble. CeI0BaTENBHO,
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Currently, both analytical and numerical methods are used for solutions of differential equa-
tions of fractional order. Due to the great difficulties in finding the analytical solutions of equations
with fractional derivatives, this paper attempts to develop a numerical method of its decision.

The unified method of approximate solution of differential equations applicable to a wide
class of mathematical physics equations is the finite difference method (or the method of grids).
Another advantage of this method is the ease of implementation and flexibility of derived pro-
grams.

The method of finite differences uses transition from continuum to some of its discrete mod-
el. When this method is used the basic properties of the physical process are preserved, first of all,
the laws of conservation (heat, mass, energy, etc.).

The article studies the boundary value problem for the heat equation with fractional order de-
rivatives. The conditions of stability of a difference scheme with weights for the heat equation with
fractional order derivatives are obtained.

Keywords: fractional derivative, approximation, difference scheme, stability, convergence.
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