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O pa3spemiumocTu ApoOHBIX aHAIOroB 3a1a4u Helimana
AJis1 OUTapMOHNYECKOT0 YPABHEHUS

B craTbe mccnenoBaHEl BOIPOCH! Pa3pelIMMOCTH HEKOTOPBIX KPAeBbIX 3a1ad JJIsi OMrapMOHHYECKOTO ypaB-
HeHusl. B kauecTBe IrpaHUYHBIX OIIEPAaTOPOB PACCMOTPEH oreparop auddepeHnpoBanus IpoOHOro HOpsaKa
B cMbIcie Mmmiepa-Pocca. M3ydenst cBolicTBa HHTErpo-1uddepeHIanbHbIX ONepaTopoB B KJIACCE IJIaIKIX
¢byHukuumit B equHudHOM Mape. McciaenoBaHbl CBOMCTBA pelieHus 3aaadu J[upuxie st OUrapMOHHYECKOro
ypaBHeHus. PaccMaTprBaeMble 3a1a4u SIBISIOTCS 00001eHreM U3BecTHOH 3ana4un Heiimana.

Knrouegvie cnosa: GurapMoHnueckoe ypaBHEHHE, KpaeBas 3aJayda, JpoOHas Mpou3BojHas, oneparop Mumiepa-

Pocca.
1. Beeoenue
Mycts Q={xeR":|x|<1} — eauHnuHbd map, n=>3, 0Q={xe R":|x|=1} — enunnunas cdepa,
u(x) — Ourapmonnveckas GyHKIus B obnactu Q, r =|x|, 0 =x/| x|.
Jns moGoro o>0 Beipakenne J*[u](x)= % (r= ’E)OH u(t0)dt Ha3pIBaecTCA OIEPATOPOM

WHTETPUPOBAHUSA TOpsiAKa o B cMbicne Pumana-JImyswmisg »[1]. B gampHelmem OymeMm cudTaTth

J[u](x) = u(x).

Ilycte m—1<o<m,m=1,2,.... BepaxeHus

D)) =< Iy, CD“[u](x)=J'"'{dm }(x)

d
Ha3bIBAIOTCS MPOM3BOJIHBIMU TOpsiAKa o B cMblciie Pumana—JInyswinsg u Kamyro [1]. 3necs ol -
r

k k-1
(epeHIanbHBINA onepaTop BUAA di = ii 4 _d ( d j k=23,.
r

= r Ox, dar* dr dar*!
[lycts nanee mapameTp. j.OpUHUMAET OJHO W3 3HadeHud, j =0,1,...,m. PaccMoTpuM cemeiicTBO ome-
d "~/ d’
paropos D [u](x)= d—u(x) JlaHHBIHM ortepaTop HA3BIBAETCS MPOW3BOAHON MTOPSIIKA O B CMBIC-
!
ne Munnepa-Pocca [2].
Beeiem 0003nauenust Biu(x)=r"Diu(x), B u(x)——j(l $)* s u(sx)ds.

Hycte 0 <o <2. Paccmotpum B obmactu Q CIEAYIONINE 3a/1a4H:
3adaua 1. Tlycts 0 < o < 2. Haiitu Gurapmonnueckyro gyskiuio u(x)e C*(Q)NC (5_2), T KOTOPO#

B [u](x) € C(Q),k =0,1, n KoTOpas y10BIETBOPSET KPACBIM YCIOBHAM
Dl'l-*-k [u](x):fk(x),xeag,k=0,l. (1)
3adaua 2. Mycts 1< a < 2. Haiitn 6urapmonndeckyto ¢pynkuuio u(x)e C*(Q)NC (g‘)), JUIS KOTOpOii

By [u](x) € C(Q),k =0,1, u koTOpast y1OBIETBOPSET KPaeBbIM yCIOBUIM
Dy [u](x)sz(x);xeﬁQ,kzo,l. )
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WzBectHo (cm., Hampumep, [3]), 4To mist Bcex x €0 omeparop ri ri—l ri—k+1
dr\ dr dr

k

COBIIAJACT C OIEPaTOPOM k=1,2,..., v— BekTop HopManu Kk cpepe 0Q. Torma B cimyuae o=1 amus

k°
v

BCEX x € 02 ToyryqaemM

) dzu(x) B dzu(x)

2 de :

CrnenoBaTenbHO, IpY 3HaUCHHUSIX o.=1 wiau oo =2 3amaun 1 u 2 mpeACTaBIsOT cCO00M aHAIOTH 33/1auH
Heiimana ms ypasaenus (1).

PaccmarpuBaemble 3aiaun B ciaydae o =1 u3ydeHsl B pabote [4], a B ciiyuae o =2— B pabote [5].
JlokaszaHo, 4To B ciiy4ae oo =1 IjIs pa3peiuMOoCTy 3aaud HEOOXOAUMO U JOCTATOYHO BBHIMOJHCHUS YCIOBUS

Dju(x)= ﬂ, rszz.u(x) =r
dv

0=[[ £ (%)= fi(x)]ds,, (3)

a B ciiydae o =2 /
0= [ £,(x)ds,, )
= jxj [£,(0) = £,(0)]dS,,j =1,2,..m. 5)

Q
OTMeTHM Tak)Xe, 9TO KpaeBbIe 33Jaui C TPAHMYHBIMH OINEPATOpaMHu IPOOHOTO MOPSAKA AJIS DIUTAIITH-
YECKUX ypaBHEHUH UccieaoBaiuch B padorax [6—10]. Kpome toro, B padore [11] mns ypaBHenus (1) uzyue-

Ha KkpacBas 3ana4a ¢ ycnousvu Dy [u](x) = f, (x),x€0Q,k=0,1, 0< a <.
2. Ceoticmea onepamopos B} u B™".

CJ'ICI[YIOH.ICC YTBCPKACHUC JOKA3BIBACTCA HCIIOCPCACTBCHHBIM IMOJCYCTOM.

Jlemma 1. Ilycte  v(x)=r—— du(x) V(X)) = r—(rdi—lju(x) Torma copaBenyuBbI CIEAYIOLINE
r
paBeHCTBA:
v,(0) =v,(0)=0; (6)
P (0y20,i=1.2...n. (7)
Ox

AHaNOrnyHbIC YTBEPIKACHNS BEPHBLU i Gynkuuu B [u](x), j =0,1.

Jlemma 2. Ilycts 0 < o, £2. Torga cripaBeIMBBI CIEAYIOLINE PaBEHCTBA:

B [u](0)=0; (®)
B [u](0) :O,Mz 0,i=1,2,...,n. )
Ox;,
Hokasamenvcmeo. Ilycts 0 <o <1. Torga mo onpenenenuto omneparopa B mia Gynkumn By [u](x)
nMeeM
B [u)(x) = I = = D D
' r(1— F(l-a)dry l-o dt
ot od| o o S ___u(0) duy ()
e dr e !(1 ) “u(Eds | =~ (e () +r =
1 »
e (9= Fios j (1-&) “u(&)dE,
Takum 0O6pazom,
Blu[u](x)=—ﬂ+(l—a)ul(x)+rm,xe§2. (10)
ri-ou) r
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Otcrona ¢ yuyeToM paBeHCTBa (6) MOIyduM

lim B¢ [u](x) = ——“ @

x>0 rd-o)

PaBencTro (8) B cimygae 0 <o <1 mokasaHso.
Ilycts 1< <2 u j=1. Torga no onpenenenuto onepatopa B nMeeM

(1= o) limu, (x) + lim 29 _
x—0 x—0 dr

o

r I(r ) du

rQ-oa)dr (2—a) dt

duz (x)
dr

B [u](x) = j( —7)" a—(’tx)d = (tx)dt =

r(z

= _M +(1-)2—a)u,(x)+22-a)r

r2-a) +r dT“z(x)

rae u,(x)= I(l ) “u(Ex)dE. Takum oOpaszoM,

r(z

B [u)(x) =— ((12_“))u(0)+(1 )2 — ), (x) + 2(2 — o)r LZ;X) rdr(r%—lj%(x) (11)

Torna ¢ yuetom paBeHCTB (6) 1 (7) moryuyum

lim B} [u](x) = r((lz 0‘)) u(0) + (1- a)(2 - a) limu, (x) = % +
(1 a)(2- Ot)u 0) J‘ (=) dE = ~ (I=a)u(0) N (- )2 -a)u(0) T2 -o)I'(d) _
r2- r2-a) rQ2- o) rG-a)

PaBenctBo (8) B cimywae 1 <a <2, j =1 nokaszaHo.
IlepexomuM K JOKa3aTeILCTBY nepBoro paBeHcTBa 13 (9). Ilo ompenenenuto oneparopa B, mMeeM
" L dPr (r=1v" du
B [u](x) = j r- e
F(2 I‘(2 a)dr’ ) (2-a)3-a)dt
(I-o)u(0)  r

__ du(O)
T T2-a) TI'Q-a) dr + (= o)(2 =), (x) +2(2 - )

2
duZ (x) rZ d uz (x)
r r

3Hauur,
du(0)

o 1 (—ou(0) " g
=" o) Theg N @0 +22-0r

U3 paBencts (6) cnenyer

du, (x) 4

r%(r% - lju2 (x). (12)

» du, (x)
dr
Torma u3 nmpeactabnenyst (12) nomydaem
_(=0ju(0)  (A-o)2- Ot)u(O) -
r2-ow) re- -[(l S de=
_ (I=a)u(0) . (1-0)(2—a)u(0) F(2 oc)l"(l) 3
 I2-o) r2-a) rG-a)
Hanee, o6o3nauum y, =10,,i =1,2,...,n. Torga
du(r@) ou(t0) dy, <~y ou(th)
; oy, dt ‘Ze oy,

=0.

x=0

d( d
= O,VE(FE_IJMZ(X)

x=0

1in(} B [u](x)=

Tak kak O0=x/r,0, =x, /r,TO
roodu(0)  r zx_ ou(to)] 1 ix Au(0)
r2-oa) di TQ-mSr &, |, TC-05" o,
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Orcrona mig moboro k=1,2,...,n

o r du@0|_ 1 du()
x| T2-a) dt | T@Q-o) dy,

0 l o
Tk[ T(2-o) ()}

Hanee, npu m06oM k =1,2,...,n BEpHO paBeHCTBo

OueBUIHO, YTO

0 Ou 0y, _, Ou
N (e = 20 aayk
HO2TOMY
Kl ~au(0)
e
CnengoBateibHO,
Kl L O e, u(0) TQ) 1 ou(0)
akuz(x)xzo_r(z—a) o, {“ e T am) - Gla)@- IO a) oy,

Jlanee, Mo OnpeeNICHNIO OrepaTopa rd— nMeeM
r

. duy(x) _ Z”:x. Ou, (x)‘

dr ="' O
Otcroma
i[}, duz(x)} Y x uz(x) 8u2(x)
ox, dr im0, 0X,0X; ox,
IosTomy
i[z(Z—a)rM} _ z(z—a)[ix us(x) | Ou, ()ﬂ 2w
X, ar | _, 0x, 0x; o, )|, G-o)l(2-o) oy

Hanee, B cuity paBeHcTsa (7), ciaeayeT
o| df d
r—| r——=1u,(x
ax{ dr( dr j o )}

HMcnonb3ys Bce 3TH BEIYUCIGHHS U U3 IpeacTaBienus GyHkuun B [u](x), momydaem

1 6u(0) l-a ou(0) N 2 ou(0) _
TC-a) & G-0lC-a) 3y,  G-0lC-a) o,
du(x)

=0.

x=0

Bl

X

x=0

Ecm =1 wm o=2, 10 Blu(x)=r ,Blu(x) = rdi(rdi - l)u(x), a g ATHX (YHKIHHA
r r

YTBEpKI€HHE JICMMBI BHITEKAET U3 JIeMMHI 1. Jlemma nokasana.
CopaBeniuBo clenyroliee yTBepKIeHHe.
Jlemma 3. Tlycts 0 <o < 2. Torma mis ar000ro x € QQ crpaBeaiuBbl PaBEHCTBA

B [BI“ [u]](x) =u(x)—u(0), (13)
u ecaw u(0) =0, TO
B [B’“ [u]](x)zu(x) (14)

Hannoe yrtBepxkaenue B ciydae O<a <1 gokazano B pabore [10]. JlokasarenbcTBO 3TOTO
YTBEPXKICHHS B ciaydae 1 <o <2, j =1 mpoBOIUTCS aHAJIOTHYIHBEIM 00pa3oM.
AHaJOrMYHO JOKAa3bIBAETCS CIAEAYIOLIEE YTBEPHKACHNUE.
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Jlemma 4. Ilycte 1 <o <2. Toraa ans moboro x € Q) crpaBeaJuBbl paBEHCTBA

B [B;‘ [u]](x)zu(x)—u(O)—ixi ag)(f), (15)

1

u ecmu u(0) =0, u(0) _

0,i=1,2,...,n, TO

B [B"“ [u]](x)zu(x). (16)
HemnocpencTBeHHBIM BBIUMCIEHHEM JIOKA3bIBATCS CISIYIOIIEe YTBEPKICHNUE.
Jlemma 5. Tlyctb O0<a <2 u u(x) — Ourapmonndeckas ¢pynkuus B obmactu Q. Torma ¢GyHKumm

B}" [u](x),j =1,2, Takxke SIBIAIOTCS OUTaPMOHUYECKAMU B (2.

3. HUccrnedosanus 0CHOBHBIX 3a0aH.
PaccmoTpumM caenyronryto 3agaay Jupuxie:
Av(x)=0, xeQ
17)
D) _ o (x), xeo
dv
H3BecTHO (cM., Hampumep, [12]), uto eciu ¢,(x) u @,(x)— raagkue QyHKIUU, TO pELICHNUE 3a7a4u

(17) cymecTByeT 1 equHCTBeHHO. B padote [5] mokazaHo cienyroniee yTBepkaecHHUE.
Jlemma 6. Ilycts @,(x),¢,(x)— rmankue pynkuuu. Torna aus GQyHKIUM v(X) CIIpaBelIUBbI PAaBEHCTBA

v(x) = @, (x),

0) =5 [ [26,(0) - 03] (18)
ovO0) _ n_ 3 |
a _20)"8[2%[3@1@) 0,(M]dS, . k=12,...n. (19)

CripaBesIMBO CIIEAYIOIIEE OCHOBHOE YTBEPKICHHE:
Teopema. Ilycts 0 <. <2, f,(x) u f,(x)— mocratouyno rnagkue ¢pynkuuu. Toraa:
1.a) ecmn O0<a<2,j=1, To I pa3pemMMOCTI 3a1a9i | HEOOXOIUMO W TOCTATOYHO BBITOTHCHIS
YCIIOBUS
[1£0) #@=2)£,()]as, =0; (20)
oQ
0) eciu pemieHWe 3amadyd 1 | CYIIECTBYET, TO OHO COWHCTBEHHO C TOYHOCTBIO IO ITOCTOSIHHOTO
CJIaraeMoro ¥ MpeJICTaBISIeTCs B BUJIC

u(x) =C+ B “[v](x), 21
rae v(x) — pemenue 3agaun (17), ynosierBopsiomee ycnoBuo v(0)=0, ¢ rpaHUYHBIMH 3HAYCHHUSIMHU
0, (x) = £, (x),0,(0) = £, (x) # o, ().

2. a) ecmn I<a<2;j=2, TO A pa3pelIMMOCTH 3a7adu 2 HEOOXOJUMO M JIOCTATOYHO BBITIOJHCHHS
yenous (20) 1

[ 7, 1A +(@=3)0,(1]dS, =0,/ =1,...m; (22)

0) ecnmm penicHUe 3a/1a4 2 CyIIECTBYET, TO OHO €IUHCTBEHHO C TOYHOCTBIO JIO ITOJIMHOMOB IIEPBOTO
TOPsIZIKA ¥ TIPEACTABIISICTCS] B BUJIC

u (x) =c, + Zn:c[x,. +B*[v](x), (23)
) ov(0)
ox.

1

raie v(x) — pemenue 3amaum (17), ymomierBopsiromee ycioBusM  v(0) =0, 0,i=12,...,n,

C TPAaHMYHBIMH 3HAYCHUAMU @, (X) = f, (x),(p2 x)=1, (x) +of, (x)
Hoxazamenvcmeso. Ilyctb u(x) — pemenne 3amaun 1. Tlpumenum K QyHKIMH u(x) oreparop

B¢, j=1,2, u obosuauum v(x)=B?[u](x). Tax kak u(x)— GurapmoHumueckas (YHKUHS, TO B CHIY
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YTBEPXKACHHUS JIEMMBI 5 (YyHKIHS v(x) =B [u](x) TaKkKe SBISICTCS OWrapMoHmueckod B QL
Tlo npeanonoxkennto By [u](x)e C(Q). Torma v(x)e C(Q) u v(x)|aQ =fi(x)=¢,(x).
Hanee, ecmu 0 < a <1, TO MO OTpEICICHHUIO OTIepaTopa Bl0L+1

B0 = Bl =4 B () - B ).

W3 rpannunoro ycnosus (1) B cmydae £ =1 crnexyer rdiBl" [u](x)] = f,(x) nunosromy nns QyHKIUHA V(X)
r

oQ

MOJTy4aeM @ =f, (x) + o, (x) =@, (x).
\%

oQ

Amnanoruyso, B ciydae 1<a <2, j =1 1o onpenesenuo onepatopa B umeem
o+ o+ d —a o d o [
B ) = [ 7 B[] J () = = B[] () — 0By [u] (),

6v(x)

= f,(x)+of, (x) =@, (x).

CJ'IC,Z[OBaTeJ'H:HO, " B 3TOM CJiy4ac

oQ

Taxkum oGpasom, ecmu u(x) — pewenne 3anaun 1, 10 wus Gyrkumm v(x) =B’ [u](x) nomyuaem
sagady (17) ¢ dyskumamu @, (x) = f,(x), ¢,(x)=f,(x)+of(x). Kpome Toro, B cury pasencrsa (8)
(byHKIHS v(x) JIOTIONTHUTENHHO yIoBIeTBOpsieT yeimoButo v(0) =0.

ITycts 0 <o <1. Torga B cuiry paBenctsa (18) pynkms v(x)= B [u](x) yRoBiIeTBOpsEeT YCIOBHIO
v(0) = [ [20,(3) — @3(»)]dS, = 0.
oQ

Tak kak ¢,(x) = f, (x), 0, (x) = £, (x) +of, (x), TO 3TO YCIOBHE MOXHO mepenucath B Buje (20). Ta-
KM 0Opa3oM, HEOOXOJMMOCTh BBITIOTHEHUS yeioBus (20) mus pemenus 3amadn 1 mgokazaHa. [laiee,
MPUMEHSISI K pPaBEHCTBY v(x) =B [u](x) omeparop. B™*, B cuwiy paseHctBa (13) momydaem,
B[v](x)=B" [BI“ [u]](x) =u(x)—u(0), T.c. €CIH perieHne 3a1a4u | CYIECTBYET, TO OHO PECTABIACTCS
B Buze (21).

ITokaxxem, uTo BBIMONTHEHHUE YCIOBHS (20) SIBISETCS M JTOCTATOYHBIM JJIS CYIIECTBOBAHHS PEIICHUS
3agaun 1. JlelicTBUTENbHO, eciid BhIIONHEeTCs ycioBue (20), To ans pemenus 3axaun (17) ¢ GpyHkumsamu

¢, (x) = £,(x), 0,(x) = £, (¥)+0of(x) Bomonnsercs ycnosue v(0)=0. Torma B Kkmacce Taknx (yHKIuii
ormepatop B™® ompeieicH H{MOKHO PacCMOTPETh (PYHKIIHIO u(x)=C+B’°‘[v](x). Hannass QyHKIUS
YAOBJICTBOPSCT BCEM . YCIOBUSAM 3amaun 1. JlelicTBUTENnbHO, Tak Kak (QYHKOUS V(x) SBISCTCS
ourapmonnueckodn B. Q wu v(0)=0, TO B CHIy @EPBOr0 YTBEPXKACHUA JIeMMbl 6 (YHKIUS
u(x)=C+B’°‘[v](x) TaKKe SBIsIETCs OurapMoHuueckoii B €. Jlamee, wucmoib3ys paBeHCTBO (14),

nojryyacm

Dy [u](x)‘ o= B [u](x)‘ o= B [C+B’°L [v]](x)‘ o= v(x) L= (x) = f,(x);
D [u](x)], =B I, = r%B{‘[u](x) —aB[ul(x)| =

= r%Bl‘“ [C +B° [v]](x) —aB/ [C+ B™ [v]](x)

oQ

v

= L) ()], = 9500~ 10, () = o) + 0, () - () = ().

CrnenoBatenbHO, GYHKIUS U (x) =C+ B™%[v](x) ynoBneTBOpsSET BCEM YCIOBUSIM 3a1auu 1.
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Iycts Teneps 1<o<2,j=1. U B 910M ciyuae dynxkums v(x) =B [u](x) Gymer pemennem 3anaun

(17) ¢ bynkumsamu @, (x) = f,(x), ¢,(x) = f,(x)+of, (x). Kpome toro, B cuy paBercrsa (6) ZOMOIHH-
TEIHHO BBITIOJTHSICTCS YCIIOBHE v(0)=0. Torma 3 paBeHCTBA a7 clemyer

0=v(0)= L I [2¢0,(»)—¢,(»)]dS,. 3naumr, s Bemonsenns ycnosus v(0)=0  HeoOXoaMMO
n o0Q

BBINOJIHCHHE PABEHCTBA I [20,(»)—9,()]dS, =0. Tak kax 2¢,(y)—¢,(y) = [ +(@=2)£,(»)], 1o
oQ

3TO yclIoBHE MOXKHO Tiepenucath B Buze (19). Takum oOpazom, HE0OOXOAUMOCTh BHIITOMHEHUS ycioBus (19)

nokaszaHa. Jlamee, MOCIOBHBIM MOBTOpPEHHEM, Kak M B ciaydae 0< o<1, JokaspIBaeTcsl OCTajbHAsg 4acTh

TEOPEMBI.

Mycrs 1<a<2,j=2 u u(x) — peuwenne 3agaun 2. IIpumennm k Gysxkumn u(x) oneparop By u

o6osuaunm v(x)= By [u](x). Torna us (12) n paBencrsa
B[00 = [ Bl = B () - a2 [u) o)

cienyer, 4ro ¢yHKmua v(x) Oyner pemenueM 3amaun  (17) € oyskmuamu @, (x) = fl(x),
¢,(x)= f,(x)+af,(x). Kpome toro, B cry yreepxaeHus nemmbl 20 dynkums v(x) =By [u](x) nomxna

ov(0) _

YAOBIETBOPATH ycaoBusaM v(0) =0, 0,i=1,2,...,n.

i
Janee, aHAOTMYHBIME PAcCyKICHUSIMH, KaK U B citydae 1 <o <2, j =1, MOXHO TIOKa3aTh, YTO JJISI BbI-
nosHeHus paBeHcTBa V(0) =0 Heo0X0auMO BhIMONIHEHHE YCIOBUS (20).

ov(0) .
Teneps mpoBepuM, 4TO sl BHIIOJHEHUS PABEHCTB 8— =0,i=1,2,...,n, HCOOXOANMO BBINOIHCHUE
xi
ycnoBuit (22). s aToro Bocnonbs3zyemcs npeactapienueM (19) nz nemmsr 6. B cmry 3Toro paBencTsa mjist
v(x) MMeeT MECTO PaBEHCTBO MO __n I ¥, [30,0)=0,(»)]ds,.
o, 20,3’ g
Tak xak  @,(y)—=3¢,(») = f,(x)* of; (%)=87,(x)= fo(x)+(@=3)f;(x), TO mma BbmOTHEHMs
paBEHCTB 62(0) =0,i=1,2,...,n, HECOOXOAUMO BHIIIOJHCHHE YCIOBHIA (22).
X,

1

Jlanee, npumensis k pasenctBy. v(x) =B’ [u](x) onepatop B™, B cury pasenctsa (10) momyuaem

B *[vl(x)=B"" [BI“ [u]](x) =u (x) —u(0)— Zx,. 82(0). Ecniu B mocrmenHem paBeHCTBE 00O3HAYMM
i=1 X,
ou(0). .
¢, =u(0),c, = y ;i=1,25...,n, TO monyunm npencrasnenue (23). Takum oOpa3om, ecnu pemieHne 3a1aqn
X,

2 cyIIecTBYET, TO OHO MpecTaBisercs B Buae (23).

IToxkackem, uto BeIONTHEHUE ycinoBuid (20) m (22) sABASETCA AOCTATOYHBIM W TSI CYIICCTBOBAHUS
pelerus 3anauu 2. [lelicTBUTENbHO, eciy BhIONHS0TCA yenoBus (20) u (22), To ana pewenus 3anaau (17)
¢ dynxkmuamu @, (x)=f (x) u o Q,(x)=f (x) +of, (x) BeIMONHsIOTCS  ycimoBust — v(0) =0,
ov(0)

ox;

1

0,i=1,2,....n. Torma B knacce Takux (pyHKIUI omeparop B~ * ompenelieH U MOXKHO PaCCMOTPETh
b b b b

n
(YHKIHIO u(x) =c, + Zc,.x,. +B™*[v](x). Kak u B ciiyuae 0< o <1, MOKHO IOKa3aTh, YTO JaHHAS (QYHKIIHSL
i=1

yIIOBIIETBOPSIET BCEM YCIOBHIM 3a7auu 2. TeopeMa Jloka3aHa.
3ameuanue. Eciiu B paBerctBe (20) o =1, TO yCiaoBHE pa3peliuMOCTH 3a7a4r 1 COBIIAIAET C YCIOBUEM
(3). AHanoruyHoO B ciy4ae o =2 YCJIOBHE pa3pelInMOCTH 33Ja4u 2 CoBIanaeT ¢ yciuopusmu (4) u (5).

Paboma evinonrnena npu punancosoti noooepoicke epanma MOH PK (I'panm Ne 0819/1'D4).
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b.X.TypmeroB, AsM.MsIp3axacoBa

Burapmonusiabik Tenaey ymid Heiiman ece0iniH 0eJimexk perri
AHAJIOTITAPBIHGIH I EMITiMIIJIITT TypaJsibl

Makanaga OMrapMOHMSUIBIK TEHAEY  YIIIH KEHOIp IIeTTiK ecenTepAiH IIEeNIIIMIUNr Moceneci 3epTTeli.
[lexapansik oneparopiap ecedinge Mumiep-Poce Typingeri 6esmmex perTi qud dpepeHIranabK oneparopiap
KapacTeIpeUIasl. Bipiik mappa Teric Oonran (yHKOMsulap KiachblHAa KeiOip HHTerpo-mudgepeHmanibk,
oreparopyiap/iblH KacHeTTepi aHBIKTAJIIbl. BHUrapMOHWSIBIK TeHAey yiuiH Jlupuxie ecebi IIemiMiHig
Kacuerrepi 3eprrenai. KapacteipeuiatsiH ecen Oenrini Heitman ecebiHiH xannbuiaMach! 6061 TabbL1aIbL.

B.Kh.Turmetov, A.M.Myrzakhasova

On solvability of fractional analogues of the Neumann
problem for biharmonic equation

In the paper we research the questions about solvability of some boundary value problems for biharmobic
equations. As a boundary operator we consider the differentiation operator of fractional order in Miller-Ross
sense. Consider properties of integral-differential operators of fractional order in the class of functions,
which are smooth in the unit ball. We study properties of the solution of the Dirichlet problem for a
biharmonic equation. The considered problem is a generalation of the well known Neumann problem.
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