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O KOPPEKTHOI1 PA3PEIIIIMOCTH 3AJAY BE3
HAYAJIBHBIX YCJIOBUN OJ1d HEKOTOPEIX
CUHIVJIAPHBLIX YPABHEHUN
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Annoranus. [Ipu ncciaenoBannm TMHAMAYIECKUX TPOIECCOB BAXKHOE MECTO 3aHUMAIOT 3a-
Jagn 6e3 HadaabHBIX ycsoBuii. Tak . Bapenbiar u f. Seyb1oBrY yKa3bIBAIOT HA IIOCTAHOBKH
BOIIPOCOB O CBO¥CTBAX SIBJIEHNII KOTOPBIE HE 3aBUCAT OT HAYAJbHBIX YCJIOBUI UJIM HE 3aBUCAT OT
JeTasieil Ha4aJIbHbIX YCJIOBUI, HO BMECTE C TEM CHCTEMa ellle JIajleKa OT COCTOSIHUS PABHOBECHS.
TlosToMy mx MOXKHO O0OBEIUHUTH HA3BAHUEM <IIPOMEKYTOYHAS ACHMIITOTHKAY. 1TaKMe aCHMII-
TOTHUKY SBJISIIOTCS PEIIEHUSMI BBIPOXKIEHHBIX 33/1a9 B KOTOPBIX MAPAMETPhl HE3ABUCUMBIX TIe-
PEMEHHBIX OOpAIAIOTC B HYJIb WIH O€CKOHETHOCTH. OIHAKO, 9TOOBI PEIlleHre TPEeJICTABIISIIO
c000#1 TPOMEKYTOYHYIO aCUMITOTUKY HEOOXOIMMa KOPPEKTHAS PA3PEITNMOCTh 3aJat4N.

Hacrosmas 3ameTka IocBdINeHa KOPPEKTHOHM Pa3penImMOCTH HEKOTOPBIX KJIACCOB TaKUX
3a1a4 11 quddepeHnraabHbIX YPaBHEHNN B KOHCTPYKITUH KOTOPBIX HCIIOIb3yeTCs CHHIYIISP-
HOE BbIparKeHue %(m), e z € (a,b) C R = (—o00,00), k' (x) > 0, h(a) = —o0, h(b) = co u
KOTOPBI€ IPUMEHSIJIUCH aBTOPAMU IIPU UCCIEIOBAHNN KOPPEKTHON Pa3PENInMOCTH 33129 METO-
JaMU CUJIbHO HEIPEPBIBHBIX MOJyI'PYII Mpeobpa3oBanmii. 31ech MbI HCIIOJIB3YEM TAKXKE ITY
METOJTUKY.

KimrogueBble cjioBa: CUHTYJISPHBIE YDaBHEHN, KOPPEKTHBIE Pa3PEINMOCTh, JPOOHBIE CTe-
IIEHU OIIEPATOPOB, 33/1a4n Oe3 HaYaJIbHBIX YCJIOBUIl.

ON CORRECT SOLVABILITY OF PROBLEMS WITHOUT
INITIAL CONDITIONS FOR SOME SINGULAR INTEGRAL
EQUATIONS
A. V. Kostin, D. V. Kostin, M. N. Nebolsina

Abstract. In the study of dynamic processes occupy an important place problems without
initial conditions. So Barenblat G., and Y. Zeldovich point to questions about the properties of
phenomena which are not depending on initial conditions or do not depend on the details of the
initial conditions, however, the system is far from equilibrium state. So you can combine them
called «intermediate asymptotics». These asymptotics are solutions of degenerate problems in
which the parameters of the independent variables go to zero or infinity. However, that decision
was a intermediate asymptotics necessary correct solvability of a problem.

The present note deals with the correct solvability of some classes of such problems for
differential equations in design which uses a singular expression #(z), here z € (a,b) CR =
(—00,00), h'(x) > 0, h(a) = —o0, h(b) = oo and that were used the authors at research
of correct solvability of tasks by methods strongly continuous semigroups of transformations.
Here we use it also methodology.

Keywords: singular equalizations, correct solvability, fractional degrees of operators, tasks
without initial terms.

© Kocrmn A. B., Kocrun 1. B., HeGonbenna M. H., 2018

BECTHUK BI'Y. CEPUA: PUBNKA. MATEMATUKA. 2018. Ne 1



A. B. Kocmun, /I. B. Kocmun, M. H. Heboavcuna

1. HEKOTOPBIE HEOBXOJVMBIE ®AKTbHI

[Tycrs E — GaHAXOBO IPOCTPAHCTBO U A — JIMHEHHBIN 3aMKHYTBII onepaTop ¢ 06JIacThIO Olpe-
nenenusi D(A) C E. B [5]-]7] ykazanbl ycjoBusi pu KOTOPBIX OLIEPATOPHBI MHOTOUWIEH

P, =Pu(A) =) amA™, am € C (1.1)
m=0
“MeeT OrPaHUYIEHHDBIN O0OPaTHBII OmepaTop
Plf = [a@U-Apd feE, (1.2)
0

rie U(t,—A) — ciwIbHO HelpepbiBHAs MOJIYIpyIna ¢ reaeparopom —A, ¢(t) — perenue 3a1a4n

P, (%) q(t) = o(t), q(0) = -+ = ¢""V(0) = 0, (1.3)

0 — nmesibra—(yHKIINS.
Cremytormmast TeopemMa pacIimpsieT MPUMEHEHNe 9TOTO Pe3yabTaTa
Teopema 1.1. Ilycre A; (i =1,..., k) — jnuHeliHble 3aMKHYTbIE OLIEPATOPBI ¢ OBJIACTSIMU OIIPe-

k
nenenust D(A;) = E, () D(4;) = E u oneparopbl —A; sIBJISIFOTCsSI TeHEPATOPAMU CUJIBHO Helpe-
i=1
pbIBHBIX nostyrpymi (mosyrpynn Kiaacca Cp) U(t, —A;), KOMMYTHPYIOIIUX MexKy coboil, B TOM
embicite, aro U(t, —A;) - U(t,—Aj)p = U(t,—A;) - U(t,—A;)p, ¢ € E 1151 KOTOPBIX BBIIOTHAIOTCS
OIIEHKH

|U(t, —A)| < Me¥it, t>0,U(0,—A) =1 (1.4)
k
u nycrb A = Y A;. Torja npy BBIIOJIHEHHH YCJIOBHSE
n=1
k k
nax, Re \j + Zl wi = Ao + Zl wi <0 (1.5)
1= 1=

ypaBHEHUE

n k m
]P’nu:Anu:Zam <ZAZ> u=f
m=0 i=1

k
nMeetr equHcTBeHHOe pentenne u € (| D(A}Y) upu mobbix f € DA u ono nmeer Buj
i=1

w= / a0 [V -5, (1.6)
0

rie q(t) yaosierBopsier (1.3) u cupase/yinBa OIEHKA

k
[T M;
lulle = IP7 fle < —

—JT—WM (1.7)
Ao+ > wil
=1
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HokazarenscrBo. B coorsercrBun ¢ [10], yeimoBusi kommyraruHoctu nosyrpymn U (t, —A;)
k

I03BOJIsIeT yTBEpXKJaTb, 4T0 omeparop —A = Y (—A;) sBiIseIcst IeHepaTOpoM IHOJIYIPYIIIIbL
k=1
Ut,—A) = Ul(t,— Z A;) = H U(t,—A;). I npumenenne pasencrsa (1.2) K 9T0il momyrpyrie

naer paBeHCTBO (1. ) OTCIO,ZLa HOJ’Ib3y${Cb uepaserncrsoM (1.4), moyaaem (1.7).

2. YPABHEHU A C JPOBHBIMU CTEITEHAMNM OITEPATOPOB

Kak nssecrro (eMm. [2]-[4]) aist onmepaTopoB A, yioBIeTBOPAIONINM YCIOBUIO
|U(t, —A)|| < Me™, w>0 (2.1)

onpeneieHbl apobubie crenern AY, 0 < a < 1. Ilpu srom —A® sBJsieTcsl reHEPATOPOM CUJIBHO
HenpepbiBHOI nosyrpymmnet U(t, —A%) umeroreii Bu

Ut,—A%)f = [ g(t —A) fdg, (2.2)
[reer

riae dyukius g(t, &) > 0 u saBasercs obparHbiM 1peobpasosanuem Jlamnaca dyukuuu F(z) =
e " Rez > 0.

ECJII/I a =1

5, TO

1 t 7 3 _ 12
—A3)f = —— T2e —A . 2.
Ut A = 5= [t Ui - it (23)
0
JLjist 9TUX TIOJIyTPYIIII CIIPABEIINBA, OIEHKA
|U(t, —AY)|| < Me "t (2.4)

Takum o6pasoM, B cuily BbinoJHenus ycjosuii (1.4), omeparopsl A; uMeoT ApoOHBIE CTereHun
A0 < oy < 1 ¢ renepupyembivu nosyrpyimnamu U (t, —A$"), npudem

|0t A7) < Miem . (2.5)
k .
Orciona cienyer, uro oneparop Ag = Y A" asisercs reneparopom Cjy — HOJIyIPYIIbLI BULA
i=1
k o0 o0 k
U(t,—Aq) = [[Ut,—AY) = / - /gai(taf) [Tve -A)ds ... dg (2.6)
i=1 s s i=1
U CIIpaBEJINBA OIEHKA,
k k
— Z wtt
Ut —A)| < [ Mie - (2.7)
=1

N rakum obpazom u3 Teopembl 1.1 ciemyer
Teopema 2.1. Ecsin oneparopsl A; yaoBiaerBopsitor ycjioBusiM (2.4) U BBIIOJIHSIETCS] HEPABEH-

CTBO
k

Ao = max Rel; < wy' (2.8)

1<j<n
SIS i=1
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rje \j — KopHu MHoro4sena Py, (z), To ypaBHeHue

n k m
Ay qu = Z G (Z Af”) u=f (2.9)
m=0

=1

k
KoppexTHO paspermmo i u € || D(AF) u f € D(A).
i=1
Ero pemienne nmeer BH/L

w— / GO (1, —Ag) fdt (2.10)
0
" CHpaBe,ILHI/IBa OII€HKa
k
[T M;
[Jul| < ,CZL NIl (2.11)
Yowit = Ao

3. IIPUMEPDBI

[Tycrs dbyukius h(zx) onpenesena na unrepsasie x € (a,b) C R = (—00,00) u yuosiaerBopsier
yeaosusiv: b (x) > 0, h(oo) = —o0, h(b) = .
Yepes Ly, ;, Oyaem 0603HaIaTh GAHAXOBO IIPOCTPAHCTBO (DYHKIMI (X)) ¢ HOPMOIL

b
lllpen = / PO\ Pdh| . p 1. (3.1)

a

Brenem oneparoper Dy, = a%, a € R ¢ obmacreio ompenenernss D(Dy ) = {p : ¢ €

do
Lpwns gy € Ly}
Herpynno mpoBepuThb, UTO TaKume ONEPATOPHI SABJISIOTCA T'€HEPATOPAMH CHJIBHO HENPEPBIBHLIX
CPYIII JIUHEHHBIX [TpeoOpa30BaHmil, JeHCTBYIONIUX 10 MTPABUILY

U(t, Dopp(z) = olh~ (h(z) + at)], teR, (3.2)

npu4deM JJisd HUX CIIpaBeIjINBO PaBEHCTBO

2

|’U(t7Da,h)‘P”p,w,h =e “ Wta (3.3)
KOTOpOE cJie/lyeT U3 COOTHOIIEeHUN
b b
/ Ut Do )p(a) Pdh = / P [h ™ (h(s) + o)) =

b
=T / P o) P = € P o

a

B ciyuae t € RT = (0,00) cemeiicTba (3.2) sBISIOTCS CKUMAIONUME HOJyTPYIIAME KJIACCA

Co.
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PaccmorpuMm ypaBuenue

Do pu(z) = Au(z) + f(x), z € (a,b) (3.4)

riae f(x) — omeparophasi dbyHKIms co 3HadeHusimu B E npu kaxiaom x € (a,b), A — renepa-
TOp CHUJIbHO HemnpepbiBHOI mosyrpynmst U(t, A) B E, tuma wy. Tpebyercs maiitu v € D(IDgy p),
yJaoBJeTBopsiortyo (3.4).

W3 teopemnr 1.1. ciremyer

Vreepxkaenue 3.1. Ecim wy + w < 0, To ypaBuenune (3.4) umeer eMHCTBEHHOE peIlleHUE
U € Ly aw n(E) ¢ HOpMOIT

Q=

b
Jull = | [ e uta)fpdh(a) |

1 OHO MMeeT BHJL

b
= /U t, A)f[n 1 (h(z) — at)dt. (3.5)
a
IIpu sTom cupaseyuBa onenka [[ul| < - j\i[w'
B wacraocTH, 115t HeKOTOprX KJIACCUIECKHX CJIYaeB MMEEeM
L Danp(@) = 259 h(z) = 2, 3 € (—00,00), U(t,Dap)p(z) = @z + at), u(z) =
00 P
JUEA)p(x — at)dt, ||ul| = feo‘pwﬂgo )[Pdz
0 a
2. Dy po(z) = xd¢$, h(z) = Inz, z € (0,00), U(t,Dyp)e(z) = ¢@(ze*), ulz) =

=

a

b
U(t, A)p(xe™")dt, [|ul| = [f R )Ipdcﬂ]

3. Dasp(a) = (1 - 2%, h@) = $n (1), ¢ € (-1,1), UtDan)ole) = o (555),

o] 1 apTw
= JUtt ) (55 ) dn ol = (12) * -y

OueBnno, 9T0 MCHONB3Yd omneparopkl Dy, Ipu KOHCTPYHPOBAaHMHI ONEpaTopoB A; B Teope-

Max 1.1 u 2.1 MOXKHO MOJIy9aTh KOPPEKTHYIO Pa3penIuMOCTb 3a/iad 6e3 HavYa bHbIX YCJIOBUI JIsi
MIIPOKOr0 Kjacca auddepeHnaj bHbIX YPABHEHNN ¢ BBIPOKIAIOIIUMUCS KodhpUImeHTaMmm
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