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MATEMATIUKA

YOK: 517.956.2

FMNEPBOJIUK TUNOATU BY3UNAOUTAH UKKUHYWX TYP TEHITTAMA YYYH
CUIMKULLIN MACAINA

3A0AYA CO CMELLEHUEM ANA BbIPOXAAIKLWENOCA NrMNEPBOJIMYECKOIO
YPABHEHUA BTOPOI'O POA

PROBLEM WITH SHIFT CONDITION FOR A SECOND KIND DEGENERATED
EQUATION OF HYPERBOLIC TYPE

[.YcmoHoB'

1,l:l,.)/c|v|o|-|oa - @aplly, ¢usuka-mamemamuka ¢haKynbmemu,
maodKuKomuyu.

AHHOMauus
Makonada eunepbonuk mundazu 6y3unaduzaH UKKUHYU mMyp meHenama yyyH Oup cumkuwinau  macana
ypeaHurnaaH.
AHHOMauus
B cmamebe uccnedoeaHa 3ad0aya co cmewieHuem 0nisi  eunepbonuyeckozo murna ypasHeHUs 8mopo20 pooda.
Annotation
This paper examines a displacement problem for a second kind equation of hyperbolic type.

TasHy cy3 ea ubopanap: aunepbonuk mundazu meHanama, 6y3unaduzaH UKKUHYU mMyp meHanama,
cumkuwIIu macana.

Knwueeblie cnoea u ebIpaXeHusi: ypasHeHue aurnepbornuyeckozo muna, ebipoxdatoujeecsl ypasHeHue
8mopoeo poda, 3adavya Co CMEWEHUEM.

Keywords and expressions: equation of hyperbolic type, second kind degenerated equation, problem with
shift condition.

l.MacanaHuHr Kyuunuum.
Mnepbonuk Tungarn ywby

U _(—y)m U, + a(—y)m_l u, — Au=0, <0, m=const € (1;2) (1)

2—-m 2—-m
tenrnama yuyn  AC :x — 2(—y)2/(2 -m)=0, BC:x+ 2(—y)2/(2 —m)=1sa
AB:y=0 xapaktepuctukanap 6unaH uerapanaHraH D coxaga Kyiugaru CUDKALAW
mMacanaHu kapannuk, 6y epapa a=m—1— n(2 - m) n=0,1,2,..., AeR émileR.

H wmacana. LyHpaii u(x,y)eC(l_))mCz(D) dyHKUMA TomuncuHkn, y D coxaga (1)
TEHrnamaHu, YHUHr Yerapacuga aca

u(x,O)zz'(x), ‘v’xe[O 1], (2)

a(x) 47 { Do [u(6,) - w(é )]} b(x) A D [u(6)-w(6) ]} +

+c(x)lyi2’01( ) (G/Gy)[ } f(x , ‘v’xe(O 1) (3)

LapTrapHn KaHoaTnaHTMPCKH, Oy epaa z‘( ),a(x), ( ) ( ) (x) -6epunraH
cbyHKLmsNap 6ynmb, az(x)+b2(x) 2(x);«tO xe[O 1] a(x), ( ) ( )

f(x)ec?[0,1], 7(x)eC*™[0,1], 7(0)=7'(0)=7"(0)=...=7""(0)=0,
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()= (1) = 2°(1) == 2" (1) = 0: 6, =(x/z;_(2_m)z_2(x/4)zfm),

2 2
0, = ((1 + x)/2;—(2 - m)2—m ((1 - x)/4)2-'" ) : Dé;ﬁ Ba D}Jﬁ Puman-Jlnysunn mabHocugarm
Kacp TapTubnn NHTerpo p,mcpcpepeHuman onepartopnap,

A £ (%) jf(r)[r £)/ (x= k)] J[l\/x K)(x—=1) |a.

A (r,2)= :i;;zgz ) () () ) (1;+21)ki k[r(t),/”t][z(l—z ]"”Jk 2 (o)dz+w(x, ),

() e
w(x,y)= (2_ )M( )(1/2)’“1‘([@[10)’1][2(1 Z):l

(0/2)2)11 m

{ln[zl Z)]Jn+1/2((7 Z(l’ n+3/2) z ‘1 }dz

‘Tn+j+1/2

D, [y/(t),/i]:( AP —d*/df ) l//(t), k=0,1,2,...,(a)n =F(n+a)/r(a)-ﬂoxrammep
cumeonm,  C* =n!/[k!(n—k)!], jy(z)zf(y+1)(z/2)_y Jy(z), J, (z) -GMpPUHYN

TYP eccen YHKUNACHK, ~IUNEePHUHT ramma YHKUUACH,
5 ¢ (o i ¢

p=(2a-m)[2(2-m)] . c=4A(~y) % (2-m) ' J2(1=2) . t=x+2(2-m)"
() 7 (22-1).

Arap b(x)Ec(x)EO[a(x)Ec(x)EO] 6ynca, H macanagaH Koww-F'ypca macanacy,
a(x)Ec(x)EO oynranga aca Kowwwum macanacu kennb umkagw.

By TeHrmama yuyH 0(E(—n(2—m)+m/2;—n(2—m)+1) , n=0,1,2... Ba
0{E(—n(2—m)+l;—n(2—m)+2—m/2), ne N 6ynraH xonnapugarm macananap [1]
vwpa, m=1 sa a#-n, n=0,12,... , a#—-n+1/2 , ne N 6ynran xonnapugaru

macananap [2] wwaa, a=-n,n=0,1,2,... , a=-n+1/2, ne N 6ynraH xonnapuaaru

Macananap aca [3] nwpa ypraHunrat.
KynnnraH macanaHu ypraHuwga Kyiaugarn nemmanap tacauvknapugaH donganaHamus [4].

1-nemma [4]. UxTuépuin g(x) € C[O,l] Ba k E[O,l] ,xe[O,l] YUyH
A,i’cﬂiB,i;cﬂi[g(x)] = g(x), B,:;CﬂiA,gli[g(x)] = g(x) TEHIMUKNap YPUHIN.

2-nemma [4]. Arap f<lBaxe [0,1] 6ynca, ywby TeHrnuknap ypuHnu:

':[g(t)(x—t)_ﬁj_ﬁ[/l ((r=1) Jar=r(1- )DL (B [2(1)]) @

[ =) 2, 00— Jar=r (- g0 (B[], ®
J 202006 7 1
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Oy epaa

B;Lf’[g +Ig [l\/t k) (t— x)]dt

Il. MacanaHUHr eyunuIn

Mabnymku, (1) TEHrMamaHuHr yMyMUA edMMn ¢ napameTpHUHr Oy epaary kuamatnapuga
Kynngarn kypuHuwgpa 6ynagm [5]:

(2-m)k ~k

B (—4)k(—) C ., ; , . k12 — o) 4
”(xﬂs)_kz:o@_m) (=n )k(l/z)k‘([q)kl:l//( )’/I:I[Z(l )] Jian(0)d

2’(_4);1+1 (_y)(n+l)(2—m) 1

ey R R S

= N(n+3/2), Hn+j+1/2
(n+1)(2-m) 1
-y n+l/2 —
o ot T 0
- 0

6y epaa l//(x) eC™ [0,1] Ba (a(x) eC? [0,1] -UXTUEPUI PYHKUMSINAP.
(6) ymymunii ednmHn  (2) waptra 6yncyHampuo, l//(x)= z'(x)/ﬂ 3KaHMUMMHN  ToMamms.
W(x) HUHF By KNAMATUHK (B) TEHIMMKKa KyAMU3:

u(rs)=3 )7 e

k07Z'(2— ( ) 1/2 ICD [z' /1][2(1_Z)]k—l/zjk_l/z(o_)dz+

)
( )n+1( S) (n+1)(2-m)

+ 71-(2 ) (n+1)( 1/2 _([ el f),ﬂ:H:Z(l—Z)]nﬂ/zx

n+l

{ln[(2 m) (—s) 2 Z(l Z):IJn+1/2(O') Z( 1) (0-/2) le ! }dz+

INn+3/2), Sn+j+1/2

(_ P )(n+1)(2-m) 1

(7) Terrnuk Ba w(x,y) YHKUMS KYpUHUWMKAEH — dhorpanaHnG, u(@o)—w(ﬁo) Ba
u(6,)—w(6,) napru xucobnaiimms:

+ (p(t)[z(l—z)]}m/2 jn+1/2(0)d2- (7)

0

n k ok 2k-2 k+q
u chﬂ.qu q( 1) Ir(zq)(t)[t(x—t ]k l/ka 1/2|:Z ( )]dt+

k=0 q=0 )(1/2)k 0

+4‘”‘2§¢<f>p<x-ww ((x=0) Jar ®
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C Cq/12k 2q( )k+q

u( ZZ 74 (<n) (1/2),
xj-z'(zq) (t)[(t — x)(l — t):lk_l/z jk—l/z |:ﬂ (t — x)(l — l‘):|dt +
+4—2n—2j(p(t)[(1 =) =)]" Ton| A=) (=) |a. (©)

(4) Ba (5) TeHrnuknappgaH onpganaHnb, (8) Ba (9) HM Kynmparnm KypuHuwnapga ésvb
onamus:

n ok Ck qu2k Zq( )k+q

ul )=2.2, Zlk n), (172),

k=0 g=0
#4722 (3/ 24 n) D B [ (x) ]} (10)
n k Ck qu2k 2q( 1)k+q

R G LR LI

k=0 g=0

F(l /94 k)DO_;/z_k {Bé,xﬂ,i |:xk—l/21_2q (x)]} +

+4—2n—2r(3 /94 n)Dx—Iyz—n {B)lc,lii [(1 _x)n+l/2 (p(X)]} . (11)

(10) Ba (11) TeHrnukaaH moc pasmwpa A7 D) sa ALY D)™ onepatopnaphy
kynna6, kynngarmnapra ara 6ynamms:

M’{me[u(é’ w(é’ :I} zz n+1Cq/12k 24( )+q

parcgpry 7:4" n)k(l/z)k
x A [Dg;"—k (B [x (x)]}] +42720(3/ 24 n)x" 0 (x), (12)

k q 12k-2q k+g
CC/1 (="

Al,ii D3/2+n n+l
oy L) -EESRET
XAii/h |:D)1;n—k {B}Ciﬂ, [(1 _ x)k -1/2 Tzq (x)]}} n

Dn— n+l/
472203/ 240)(1-x)"" p(x), (13)
(7) dopmynagaH dorganaHnb, Kynmparm TEHIMNKHU XOCUI KNUNaMn3:

lim(~y)"(2/&y)[u-4;(z.2)]=

y—0

=—(2-m)""' T2 (n+3/2)0" (2n+3)p(x). (14)

(12), (13) Ba (14) TeHrnuknapHn abTMbOpra oncak, (3) wapToaH Kynngarn TeHrnNuk kennd
ynKkagu.

r(1/2+k)x

(1/2+k)><

4703724 m) 3" a(x) + 47T (3/ 24 m) (1- %)™ () -
—(2-m) T (n43/2)T7 (204 3)e(x) [o(x) = £(x)-Z,(x).  @9)
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Oy epaa
Ck Cqﬂ2k 2q k+q
(-0

;; ’;;k T72) (1/2+k)x
x{a(x)Aé’x’“ | DB [ () ]+
+b(x) A [D;;"-k (B[ (1-x)" rzq(x)]}}}. (16)

(15) paH kennd ynkaguku, arap

4703724 m)x" a(x) + 47T (3/ 24 m) (1= %)™ B(x) -
—(2=m) T (n43/2)T7 (2n43)e(x) | #0

TEHrcuanuk ypuunu 6ynca, (15) gaH (p(x) dyHKUMA Oup KMAMATNM Tonunagu Ba Teruwnm

xocunanapra ara 6ynaagn. (15) gan Tonunrax (p(x) Hu (7) popmynara kyinm6,  H wmacanaHuHr

AroHa ednmura ara 6ynamms.
1-n3ox:
1) arap Kynugaru TeHrnuknap ypuHnu 6ynca,

[4-2"-2r(3 /24 n)x"a(x)+ 47T (3/2+n)(1-x)"" b(x) -

_(2—;’11)_271_l Fz(n+3/2)F_1(2n+3)c(x)}50 Ba f(x)-Z (x)=0

H wmacana vekcus kyn eunmra sra 6ynagu. byHaa (p(x) cudaTtuga Cz[O,l] CUHMHWUHT

NXTNEPUI DYHKLUUACUHN ONLL MYMKMH.
2) arap Kynugary myHocabatnap ypuHnu 6ynca, H wmacana euumra ara amac:

|:4_2"_2F(3/2+n)x"+l/2a(x)+4_2"_2f(3/2+n)(1—x)n+l/2b(x)—
~(2-m) T (n43/2)T7 (2n+3)e(x) |20 sa £(x)-Z(x) % 0.
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