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st OMHOTO BBIPOKAAOIIETOCH MUMPEPEHITUATBPHOIO YPABHEHUsST B YACTHBIX ITPOM3BOIHBIX
BBICOKOT'O YETHOIO IOPSIKA C OIepaTopoM beccesisi B HIPAMOYTOJIbHUKE CHOPMYJIAPOBAHA
HavaJbHO-TPAHUYHAs 3aJa4a M JOKa3aHbl CYIIECTBOBAaHHUE, €IWHCTBEHHOCTb U yCTONYHBOCTH
pelleHns uccaeyeMoit 3a/adu.

KuroueBble ciioBa: BbIpoxKgatorieecs auddepeHimaabHoe ypaBHeHe, HadadbHO-TPAHUTHAS
3aJiava, CIIeKTpaJIbHAsT 33/1a49a, CYIeCTBOBAHIE, €IMHCTBEHHOCTh U YCTONYNBOCTD PEIIEHUST, Me-
TOJ, pa3/eJIeHns IIePEMEHHBIX.

DOLI: 10.33048/SIBJIM.2023.26.213

B cBsI3u ¢ MHOTOYHUCICHHBIMY IPUJIOKEHUSIMI B HAYKe U TEXHUKE Teopus auddepeHIinaIbHbIX
yPaBHEHUI B 9aCTHBIX [IPOM3BOJHBIX PA3BUBAETCs OBICTPHLIMU TeMIlaMu. B dacTHOCTH, K ypaBHEHH-
sIM BBICOKOI'O YETHOTO TOPSIIKA TPUBOJIATCS MHOIHE 3aJ[a’i KOJIEOAHUsT CTEPXKHSI, TIJIACTHH, OAJIOK
u r. 1. [1-4]. B nacrosiiee BpeMsi IMEOTCsI MHOIOYHC/IEHHbIE HaydHble PaboThl, B KOTOPBIX chOpPMY-
JIMPOBAHbBI M U3Y4YeHbl HAYaIbHO-TPAHNIHBIE 331841 JIJisl Takux ypasHenuii. Hanpumep, B padore [5]
B MHOT'OMEDHBIX 00JIACTAX CHOPMYIUPOBAHBI M UCCJIEIOBAHBI HAYAJIBHO-TDAHUIHBIC 381491 JIJIsd
HEKOTOPBIX KJIACCOB YJIbLTPAruiepboIniecKuX ypaBHEHUN 2mM-ro MOpsiKa MO ITPOCTPAHCTBEHHBIM
[IePEMEHHBIM U BTOPOT'O IIOPsJIKa 110 BPEMEHHOI liepeMeHHoil; B paborax [6-8| u3ydyeHbl HaYaIbHO-
rpaHUYHBIE 33/Ia9N COOTBETCTBEHHO JJIs YPAaBHEHUs CMEIIAHHOTO TUIA U YPABHEHUS ¢ MEHSIIOIINM-
Csl HAITPABJIEHUEM BPEMEHU 2M-T0 MOPSIKa 10 MPOCTPAHCTBEHHBIM ITEPEMEHHBIM, & 10 BPEMEHHOI
epeMeHHoi 2s-1o u 2s + 1-ro mopsaakos, riae m, s € N. HagajibHo-rpannvnbie 3a/1a4u B MHOTOMED-
HBIX 00JIACTSIX MCCIIEIOBAHbl Takxke B padorax [9,10], umenno B pabore 9] qist ncesmonapabosn-
YeCKUX, KBA3WAIUINTUIECKUX U «JACTHIHO THUNEPOOINIECKUXy YPaBHEHUN BUIOB COOTBETCTBEHHO
D™ (Au) + Bu = f(x,t), D} (Au) — Bu = f(x,t), D" (Au) + Bu = f(x,t) (3nech Diu = @

ott’
A u B — nuneiinbie qud depeHimaabHble OepaTopbl BTOPOTo U 2p-TO MOPSIIKa, 10 TPOCTPAHCTBEH-
HBIM [epeMeHHbIM, [, m, p € N); B pabore [10] — jis1 HEKOTOPBIX KJIACCOB yPABHEHHI COCTABHOIO
TUMA 2-T0 HOPSIJKA [0 MPOCTPAHCTBEHHBIM [EPEMEHHBIM U 2p-T'0 HOPSIIKOB 110 BPEMEHHOM (Bblie-
JIeHHOIT) mepemenHoii. B pabore [11| B mMHOroMepHOil 06acT ¢ JOCTATOYHO TVIAJKON TpaHUIIEit
U3yveHa HauaIbHO-IPAHNYHAs 3a/1a4a /is ypasuenus Of u(x,t) + A(x, D)u(x,t) = f(z,t), roe 0 —
muddepennuanbblii oneparop Pumana — Jluysuiwist gpobaoro nopsijaka p € (0,1], A(x, D) — upo-
M3BOJIBHBIN TOJIOXKUTEIbHBIN (POPMAaIbHO CAMOCOTPAXKEHHBIA SJIINIITHIeCKi 1rddepeHInaIbHbIiM
OIIEPATOP YETHOTO TOPSIJIKA.
B nepeunciiennbIx Bbllle paboTax pacCMOTPEHBI, B OIIPEJIEJIEHHOM CMbICJe, OOIIe yYpaBHEHUS
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C JOCTATOYHO IJIAJIKUMU KOI(MDPUIMEHTAMA, & OJHO3HATHAS PA3PENINMOCThb 33/1a9, TOCTAB/IEHHBIX
JUTsT HUX, JIOKa3aHa B OoJiee OOIUX YCJIOBUAX it KO3 MUIIMEHTOB ypaBHEHMIA.

B nociie/iiee BpeMsi BO3poCc MHTEPEC K MOCTAHOBKE U M3YUYEHUIO HOBLIX HAYAJLHO-IPAHUIHBIX
3aJ1a4 Ha, TIJIOCKOCTH ISl yPABHEHUH BHICOKOTO MTOPSIKA ¢ KOHKPETHBIME KO3d dunmentamu. B qact-
HoCTH, B paboTax [12-16] B psiMOyTo/IbHOM 06J1aCTH NCCIIeI0BAHBI HAYaJIbHO-TDAHIIHbIE 381841 JIJIsT
ypaBHEHUN

o
oz?r  Ot2
%y 0%
O2p + @ = f(xat)a
p32p“ _

oxr

= f($’ t),

33_1/2U+ (—1) f(z, 1),

B pabore [17] — st ypaBHeHust

0° 0°u 0%k
B[ g ()G ) |+ (-1 5 = S

02 2y 0
t _
rnep, k,s € N,s <k, a B’y—1/2 =g + ~ B — oneparop Beccens [18]. B pa6ore [19] uzyuena
3ajada Jupuxie B IpsIMOYToJbLHUKE U IapaJllesienulle/e COOTBeTCTBEHHO ISl ypaBHEeHUit

0%y 0%y
oz Oy
0%y 0%y 0%y
ot 9z Oy

= f(x7y)a

= f(ﬁ?,y,t).

B pab6ore [20] B mpsiMOyrobHON 06JIACTH HCCIEOBAHA CIEKTpabHas 3ajada IS yPaBHEHUs
(=1)"D3"u 4 (—1)*DZ*u + g(x,y)u = Au; B [21] B KBagparTe paccMoTpena Kpaesas 3a1ada [t
ypaBHEHUS (—1)qD§q+1u+(—1)pymD§pu =0,riemeR,p,g,n, keN,n=>kn>1,0<m<2p,
. &
Dl=_—
l=—.
027
HeCMOTpS{ Ha H3JIO2KEHHOE BbIIIE, B HACTOAIIee BpeMsd HavaJIbHO-TPaHUYIHBIE 3aJa49U Ha IIJIOC-
KOCTH JIJIsI BBIPOZKIQIOIINXCsL yPaBHEHNU{T OCTAIOTCs MaION3y YeHHbIME. B gamnoit pabore ccopmyiu-
PyeM U UCCJIeIyeM OJHY HAYAJbHO-TPAHUIHYIO 3aa49y JJIS YPaBHEHUS BHICOKOI'O YETHOTO IOPSIIKA,

BBIPOXKTAIOIIETOCS Ha TPaHUIle 00JIaCTH.

1. IIOCTAHOBKA 3AJIAYN

B obmactn Q = {(z,t) | 0 < x < 1;0 < ¢t < T} paccMOTpUM ypaBHEHHE BBICOKOIO TETHOIO
HOPSIJIKA BUJIA

ok (., oFu
B jpu+ (—1)kw<$ 83:k> = f(z,1), (1)

BBIPOZKIAIOIerocst Ha 60KoBoit ctoporne x = 0 obnactu €2, rae «, v, k, T' — 3amaHHbIe 1eiCTBUTE /b
uble uncia, npuaeM 0 < a <1, 0 <y < 1/2, k € N, a f(x,t) — 3ajanHas QyHKIWS.

HccnenyeM cylnecTBOBaHme, €IMHCTBEHHOCTb U YCTONIMBOCTD PEIeHHs CJIeAYIOMEel HauaIbHo-
rpaHnYHOM 3ajaun Jyist ypasuenust (1) B obsacru €2
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Banaga 1. Haiitu dynkmmo u(x,t), 001a1a0IyIo cIeayonMn CBORCTBAMMT:

Fu o & ([ Ok B o
oF 0Fu

2) B obsactu ) yjoBieTBopsieT ypasHeHuo (1);
3) yIOBIETBOPSIET CJICIYIONMM HAYATBHBIM M TPAHUIHBIM YCJIOBUSIM:

u(z,0) = pi(x), 0<x < tlilﬂot%ut(az,t) =pa(x), O0<z<l, (2)
_>
o k—1
3k ak—H an—l

rie ¢1(z) u @o(xr) — 3a/aHHBIE HElIPEPBIBHbIE (DYHKIINHL.

OTmernm, 9TO MOCTaBJICHHAs 3a/a4a it ypasaenus (1) mpu o = 0, k € N uzyuena B pabo-
te [14], a upu v = 0, & = 0, k = 2 — B pabotre 22|, npuuem B IOCJIEIHEM CJIydae, OHA OIUCHIBAET
BBIHY2KJIEHHBIE KOJIeOaHusi KOHCOJIbHO 3akpervienuoi Gasku [1]. Takxke ormernm, 9To HAYaIbHO-
IpaHUYHbIE 331241 C JIPYITUME TPDAHUYHBIMU YCJI0BUsAMY jist ypaBaenus (1) upu v =0, 2 < k € N,
a — Heresioe unciio u3 unrepsana (0,k) u (k,2k — 1), ucciemoBanbl cOOTBETCTBEHHO B [23, 24].

2. ICCJIEJOBAHUE CIIEKTPAJILHOW 3A AU

HerpusnaabHoe perreHne OgHOPOSHOTO ypaBHEHUS

ok oku
k «a
B§_1/2U+ (—1) W(ﬂf W) = O,

yaoBsieTBopstforiero ycsosusiMm (3) u (4), umem B Buze u(z,t) = v(z)T'(t). B pesynbrare orHoCH-
TeJIbHO (DYHKIUY V(X)) MOJIyUUM CJIEYIONLYIO CIEKTPAJIbHYIO 33/1ady:

Mo = (_1)k[x°‘v(k)(:v)](’“) =(z), 0<z<l; (5)
0(0) = '(0) =--- =v* V() =0 v®(1) = * (1) = =Dy =0 (6)

Beisicuum, npu kakux A 3aja4a (5), (6) nmeer Herpusnasibuble perennsi. C 9Toil 1e/IbI0 cHavYaa
YMHOXKXWM ypasrenue (5) Ha dyHKnuio v(x), a 3aTeM NPOMHTEIPUPYEM MOy IEHHOE PABEHCTBO T10 T
Ha orpeske [0, 1]:

1 1
(—1)k/[x°‘v(k)(:r)](k)v(x) dx = )\/1)2(:1:) dx. (7)
0 0

U3 pasencrsa (7), npuMeHsisl IPABUJIO MHTEIPUPOBAHUSI IO YACTsIM Kk pa3 K HEPBOMY HHTETIDAJLY
U yauThiBas ycjaoBus (6), Moy aumM

1 1
2*[o®) (x)]2 dr =\ [ v*(z)dz,
/ /

orkyza pu v(z) #Z 0 Bbrrekaer, uro A > 0. Ecim A = 0, To U3 mocsieiHero paBeHCTBa CJIeJyer, 9To
v (z) =0, z € (0,1). Orciona B cuny ycnosus (6) momyanm v(z) = 0, = € [0, 1].
CrenoBarenbho, 3aja4a (5), (6) MoxKeT MMeTh HeTPUBHAJIbHBIE PEIIeHUs] TOJILKO 1pu A > 0.
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st ucenenosanust criekrpasibHoii 3agaun (5), (6) upumennm merox dyukimit I'puna. C sroii
nesibio ocrponM byuknuo ['puna G(x, s) 3agaun. OHa j10/17KHa 00/1a/IaTh CJIEIYIONIUMI CBOWCTBA~
MU:

1°. @ynknus G(z,s) HenmpepblBHA U UMEET HEIPEPBIBHBbIE MPOM3BOAHbIE 10 Z 10 (k — 1)-ro

L OFG(x,5)
HOPSIJIKA BKJIFOUUTEIBHO, & (DYHKIHSI T ——5 % HEPCPBIBHA 1 MMEET HEMPEPBIBHbIC IPONSBOIHbIe
x
1o z 110 (k — 2)-ro mopsi/ika BKJIIOUATEILHO /Il BCeX 3HaYeHUi x u s u3 orpeska [0, 1].
0FG (x, 5)

2°. TIpu mo6om durcuposanuom s € (0,1) dbyurnus x® MMeeT HelpepbIBHBIE IIPO-

xk .
uzBojHble (k — 1)-ro u k-ro mopsi/ikoB 110 & B KaxK/1oM u3 unrepsasos [0, s) u (s, 1], npuuém

k=1 <xa8kG(m,s)) k=1 (xa akG(x,s)>

ok
Oxk—1 oxk Oxk—1 oxk = (="

r=5—0

r=s+0

3°. ©ynkiusa G(z,s), paccmarpuBaemast Kak (QyHKIUsl OT , yJoBJeTBopsierT yciaosusM (6)
u ypasuenuio MG(x,s) =0, z € (0,s) U (s,1).

Oyuknust G(z, s), 06aamam0Ias IePEeUNCIeHHBIME BBIIIE CBOHCTBAMU CYIECTBYET, €JIMHCTBEHHA
un uMeeT BUJT

( 1>k 1 2k 11—« ( 1)k 2 2k 2— ag xkfaskfl
(_1)k(k—1).(k a0l T E—2k—a_1), 1!+.“+0!(1—a)k_(k:—1)!’ s

Gz, 5) = L (—1)F—1g2k—1-a (—1)k—252%k—2-0y gh—a k-1
SR T )kO!+(k—2).(k—a—1)k1!+m+0!(1—a)k(k—1)!’ T8

snech (a) = (a)(a+1)...(a+ k —1) — cumsou Iloxrammepa [25].
Torna MeTonom, HpuMeHEHHBIM B [26], slerko ybeauTbest, uro 3amaua (5), (6) sKBuBasieHTHA
CJIEIYIONIEMY HHTEIPAJIBLHOMY YPABHEHHUIO ¢ CHMMETPHIHBIM sipoM G(z, §):

1

o(z) = A / Gz, $)o(s) ds. (8)
0

Tak kak siipo G(x,$) HempepbIBHO, CUMMETPUYHO U MOJOXKUTEJbHO (T. e. A > (), TO coracHo
TEOpUH MHTErpajibHbIX ypaBHeHuil [27| ypasuenue (8) u 3agzada (5), (6) umeror cuéTHOE UHMCIIO
cobcTBeHHBIX 3HAYeHHH 0 < A} < Ao < A3 < --- < Ay < ..., Ay = 400, & COOTBETCTBYIOIINE UM
coberBennble dyHkmu v1(x), va(x), v3(x),. .., vy(x),... 06pa3yOT OPTOHOPMUPOBAHHYIO CHCTEMY
B npoctparcTBe Lo(0,1) u mrobast dyHKIMsI, NCTOKOOOpA3HO mpeacTaBuMas depe3 sapo G(zx, s),
pasJiaraercsi B cxoJiiuiicsi B cpejneM psiyi Oypbe 1o srum coberBenubiM byHKImsM [27].

Jdemma 1. Eeau h(z), z*h®)(z) e CF10,1] u (z*h®)(2)®) e Ly(0,1), h(0) =0,
REHD(1) = 0, j = 0,k — 1, mo dynruus h(x) passazaemca 6 pad no cobemMeenmbiM YHKUULAM
sadavu (5), (6), Komopwi cxodumcs pasromepro u abcosommo 6 unmepsane [0, 1].

HoxkaszareascTBo. B cuity cpoiicrBa dyuknumit G(x, s) u h(x) cupaBeyinBo paBeHCTBO

1
h(z) = / Gz, )(—1)F(s°h®) (5))®) ds.
0

CanenoBarenbio, dyuknus h(z) ucrokoobpasHo npejcrasuma vepes sinpo G(x,s). Kpome rtoro,
HEeTPYJHO YOeaUThCsI, YTO

1
/GQ(az, s)ds < A(x) < K =const, K >0.
0
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Torua, cornacuo Teopeme I'miabbepra — [Muura [27], cupaseynBo yTBepxeHne jgeMMbl 1. O

3. CXOAMMOCTHh OCHOBHBIX BUJIMHEMHBIX PSI10B

JIemma 2. B npomeorcymie [0, 1] pasromepro crodsames caedyrousue psaovl:

202 (x) > > xvnk)(x))(“)]z
> ”An Z Z , p=0k—1. (9)

n=1 n=1

HokazareabcTBo. Tak kak syipo G(x, s) UHTErpajbHOrO ypaBHEHUs (8) CHMMETPHYIHO, MO-
JoxkuTeabHo u HenpepbiBHO B {(x,8) | 0 < x, s < 1}, To Ha ocHoBanuu Teopembl Mepcepa [27]
9TO SO MPEJICTABJICHO abCOMIOTHO U PABHOMEPHO CXOJANMMCS OujmHeiiHbiM psiom G(x,s) =

o0
> [on(@)vn(s)]/An. OTciona, B 9aCTHOCTH, IPH T = S CJIEJIYET, ITO
n=1

[e.9]

= ZU2($)/)\n < K = const < 400,

n

T. e.1epBblil psa B (9) paBHOMepHO cxoauTcst Ha orpeske [0, 1].
U3 ypasrenus (8) upu A = A, v(z) = vp(z), p =0,k — 1 mveem

1 1
v (z) = An/%vn(s) ds = (—1)k/%(sav,(f)(s))(k) ds. (10)
0 0

oMG(x, s S
HemnocpeicrBennoit mpoBepKoit jierko yoeIuTbcst B TOM, 9TO (DYHKITUN (%(Uu’), w=0k—1,

MMEIOT HelPEepBbIBHbIE POU3BOJHbIE 10 § 0 (k — 1)-ro mopsijika BKJIIOYHTEJBHO H Y/OBJIETBOPS-
+k

a2 TG(x, )
dzHdsk

€ [0,1]. YuursiBasi 970, IPUMEHUM PABUJIO MHTEIPUPOBAHUS IO YACTsIM k pa3 K IOC/IEIHEMY
urrerpasay B (10). B pesysbrare, npunnmMas Bo BHuManue cBoiicTBa dbyukiuit G(x, s) u vy(s), mo-

JIyIUM
1
OMEG(x, 5)
W) (p) = [ g2 T\2) (k)
v, W (x) = /s Soigsh U (s)ds

I0T 'PAHUYHBIM YCJIOBUAM (3) 10 apryMeHTy S, IPHYEM S € Ly(0,1) mrst s1i06BIX

0
nJIn

1
v () / /28“+ G(z s))<sa/2vn(k)(s)>ds
/ Qrtosk Vn .

/2 OFEG(z, 5)
QztOsk

B cucTreMe (PYHKINH {(so‘/ 20, ) (s)/ \//\n) }20:1’ OPTOHOPMUPOBAHHOCTH KOTOPO# JIOKA3BIBAECTCS HU-
ke (cM. pasencrso (12)). ITosromy, na ocHoBanum nepasencTBa Beccens [27], nmeem

1
83:“85’“ ’
0

CrenoBaTebHO, BLIPAZKCHUS v(“)(:c) /v An ectb ko3 durmentsr Pypoe GyHKIMN $

n=1

T. €. Bropoii psiji B (9) cxoauTcsi paBHOMEPHO.
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Uz (8), B cumy caoiicts 1°, 2° dynknun ['puna G(z, s), nmeem

1

[:c"‘vn(k) ()] ) or [ L OFG(x,s)
An oxH o

0

Dk >’L)n(5)d8, uw=0,k—1.

CraemoBarenpbHo, GYHKIUN [:co‘vn(k)(x)](“) apasiorca  kKodpdumumentamu  Pypbe  HyHK-

o+ ( LOFG(x, s)

un
. Ozt Oxk

o+ < LOFG(x, s)

) B cucreMe OpToHOpMHUpOBaHHBIX GyHkimit {v,(s)}02,. Tak kak

Dk Dk € Ly(0,1) pst sobbix s € [0,1], To orcioia Ha OCHOBAHUM HEPABEHCTBA
x x

Beccesst [27] BbiTeKaeT paBHOMEpHAs CXOIUMOCTH HocaeaHero psaa B (9). Jlemma 2 nokaszana. O

4. IIOPATIOK KO®DPUIINEHTOB ®YPBHE

JIemma 3. ITycmo gynruua g(x) nenpepuwera smecme co ceéoumu npoudsodrvimu do (k—1)-z0
nopadka ex.owumensio, yoosaemeopaem zpanuinvim ycaosusm g(0) = ¢'(0) = - = g*=(0) =0
u g®(z) e L34(0,1); 3decv L o(0,1) — npocmpancmeso dymxyui ¢ nopmod

1

Imﬁz/ﬁf@Mw
0

Tozda cnpasediuso Hepasencmeo

- 1
2
> gt < [0l @) da.
n=1 0

2de gn — woappuyuenmu, Dypve pynkyuu g(x) no cucmeme cobcmeernnur Gyrryut {v, () o2 .

HokazaTesabcTBo. Beném B paccmorpenue byHKITMOHA

1
I(F) = / 2°1F®) (2] da
0

-1

3

u npuMennM ero K dyuknun F = g(x) — gnVn(z). Torma
n=1
I(F) = I(g)
m—1 m—1 1 m—1 1
+ Z g21(vy) — 2 Ingi /m%ﬁﬁ) (a:)vl(k) (x)dx —2 Z gn/xag(k)(x)v,(f) (x)dz. (11)
n=1 n,l=1 0 n=1 0
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AHaJIOrTIHO, HAXOIUM

1 1
[ ar = [ g@m) dr = g (13)
0 0
U3 (12) caemyer, aro
1
I(v,) = /:EO‘ [Uﬁl’“) (31:)]2 dz = \,. (14)
0
U3 (11) va ocnoBanuu (12)—(14) cinexyer, uro I(F) = I(g) — Z > 0. Orciona ciemyer
n=1
YTBEPK/ICHUE JIeMMBI 3. O

JIemma 4. [Tycmo dynruua g(x) nenpepusna emecme co ceoumu npoudeodnvimu do (k—1)-
20 nopadka exaowumenvro, a dynryus 29" (x) nenpepviena emecme co ceoumu npoussOOHLLML

maxotce do (k — 1)-20 nopadka exaouumenvHo, [xo‘g(k)(x)}(k) € Ly(0,1) u g(0) = ¢'(0) = --- =
g =1 0) =0, g® (1) = g* D (1) = ... = g@k=D(1) = 0. Tozda cnpasedauco nepacercmeo

1
A2g2 < /:Egk) P2 da.
0

Jokazarenbcrso. Herpyano nokasars, aro (—1)% ), g, MoxkHO paccmaTpuBarh Kak Kod3bdu-

n= 1

k
muentsr Pypoe ynkmun [z%gH) (x)]( ) o cnereme coBeTBeRHBIX dbyuxrmit {v,(x)}52 ;. Orcrozna,
COTJIaCHO HepaBeHCTBY Becces [27], ciieyer yTBepKjieHne ieMMbI 4. O

N3 jtemm 3 u 4 BBITEKAET CJIEAYIOIIA
Jlemma 5. Ilyemv dynxyua g(x) ydosaemeopsem Ycaosusm Aemmvl 3, a GYHKUUA

k
(xo‘g(k)(a?))( ) yeaosusam aemmos 2. Toeda cnpasedauso nepasercmso

t
Mg? < / o ()92 .
0

n= 1

5. CYIHECTBOBAHUE PEIITEHWA 3AJTAYN 1

Herpynuo Bujsers, uro dopmaibHoe npumeHerne merona Pypbe NPUBOIUT K CJIEILYIONIEMY
IIPeJICTABJIEHUIO PeIeHns 3a/1a49n 1:

u(@,t) = un(t)va(z), (15)

rjae A\p u v, (x), n € N, — coberBennble 3Hauennst u cobcrBennble GyHkiun 3aga4au (5), (6);

()—CL t/ 7:]1/2 ”Y \/ t + by, t/ 7<] 1/2 \/775 2COS’Y /J1/2 ¥ \/7t

Jy—1/2( (VAnT) — y—1/2( \ﬁteh/zy\ﬁT (t/m)* V7 fo(r) dr,  (16)
= A T2 e, b= (VA2 T2 e, (D)

Jy(xz) — dynknus Beccems mepsoro poga [28], I'(z) — ramma-dbynknus [25], & @1n, @on, fn(t) — Ko-
s durmenter Pypre byukimit ¢1(x), @2(x), f(z,t) B cucreme coberenubix dyukuuit {v, (x)}02 .
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Teopema 1. [Tycmv v = 0 u gynxyua 1(x) ydosaemeopaem ycaosusm semmovt 5, Gynkyua
pa2(x) ydosaemsopaem ycaosuam semmove 4, a gyrnkyua f(x,t) ydosaemeopsem ycaosusm aemmovl 4
no apeymenmy x pasromepro no t. Tozda psad (15) onpedeasem pewenue 3adavwu 1.

Hoxkazareabcrso. Tax xaxk v = 0, 0 B cuny Jyjpp(z) = /2/(mx)sinz, J_15(z) =
2/(mx) cosx dyukus (16) sanucbiBaercst B Buje

t

t) = ©1n cos / Ant + f;i\in sin /At + \/1/\7 0/ Fa(T) sin /A (t — 7) dr. (18)

YYauThIiBas 9T0, JOKaYKEeM PABHOMEPHYIO CXOIUMOCTD PsiJIOB:

Pu & oHu
W:Zug(t)vn ) 81’“ Zun ’UM 7 p=0k—1,

n=1

0 )
oxv <x 8@"‘3) Zu" n )) V=

b oku
ChHadyasia IIOKaykeM PaBHOMEDHYIO CXOJIUMOCTD Psijia < @ > B cuiy (15) u (18) umeem

ok ozk

k k
Ei,ﬂ( o0 ) Z(plncosxf t(xv ())(k)

—i-z\sj%sin\/xt(xavg +Z G Un /fn )sin /A (t — 7) dr

n=1

IIpumensizs nepaBencTBo Kormu — ByHSIKOBCKOro, OIEHUM KaK/IyI0 U3 CYMM B IIPaBOW YacTU IO-
CJICJTHETO PABEHCTBA:

cos \/>t( o (k )
290 () 02 1/2 )2

/—/H
107e
3>4
‘6
i
gL
H
§
5
™
%/—:
IS
I
/—/H
107e
3>/
©
Ci
vgk
SIP
&
H,_:
S




O pa3pemmnMoCTy HAYAJTbHO-TPAHMIHON 33a9H JJIs YPABHEHUST BBICOKOTO IETHOTO MOPSIIKA . . . 163

B cuny ycioBusi Teopembr 1, Ha ocHOBaHuUM JjieMM 2, 4 1 5 PsAAbI B IPaBOil YaCTU IMTOCIEIHAX
HEPABEHCTB cxofsATcs paBHoMepHo Ha [0, 1]. CremoBarebHO, Psijibl, CTOAIINE B JIEBBIX YaCTsIX, CXO-
JATCA PaBHOMEPHO B ().

AHaJIOTUYIHO JIOKA3BIBAETCSI PABHOMEPHAST CXOIUMOCTDb U OCTAJIBHBIX PSIIOB. O

Teopema 2. ITycmv v € (0,1/2) u dynryuu p1(x), p2(x) ydosaemsoparom ycaosuam aem-
moL b, a dynrkyusa f(x,t) ydosaemeopaem ycaosuaM AEMMbL D MO APLYMEHMY T PAGHOMEPHO 1O T.
Tozda psd (15) onpedeasem pewenue 3adawu 1.

[Tpu moxazarebCTBE ITON TEOPEMBI BOCIOJIL3YEMCS CJIEIYIONEH JTEMMOIA:

Jlemma 6. Jlas dynxyui uy(t), n € N, onpedessemovixr pasencmsamu (16), npu ecex v €
(0,1/2) cnpasedausvl nepasencmea

T1—2’y 2T \/7
lun(®)] < lp1n] + 5 |802n|+ an( Niry0m, neN. (19)

JlokasaresbCTBO. HepeHI/ICI)IBaH dyuxipn (16) ¢ nomompio dyuximn Beccesst — Kb dop-
na Jy(2) = D(w+1)(2/2) " Ju(2) n yauresas |J,(z)| < 1nopmw > —1/2, atakke 0 < 7 <t < T,
HOJIY TIM

|un(8)] < [an] + [bn

T -2(/A/2)" (Aaf2) M or
(32— Ty +1/2) /W'“

Orcroa, npuHUMasi BO BHEMaHue paBeHcTBa (17) u npumensis HepaBencTso Kommn —ByHsIKOBCKOro
K HHTerpaJy, cpa3dy npuaéMm K HepaseHcTBy (19). Jlemma 6 mokazana. 0

[Tepexonum K T0Ka3aTEILCTBY TE€OPEMBI 2, T. €. K PABHOMEPHOIi CXO[MMOCTH PsiZIoB (15) u psijioB

P & . aly G _gE=T
TS ), @ Z% wo@)”, =0k -1,
n=1
Ok [ L0\ & o (k)
zm@wFZMWMM%
n=1
ou > -
tm/a - Z t27u;1(t)vn(m)v B§—1/2u = Z Bi—1/2 un(t)vn($)
n=1 n=1

Paccmorpum psijn
o (k)
Ok < &rk) Z tnt (x)} ' (20)

Orcrona, cormacho (19), cuemyer, 9To Jyist I0Ka3aTebCTBA PABHOMEDPHO! CXOMMOCTH Dsijia, CTOsI-
Iero B mpaBoil gacTu paBeHCTBa (20), TOCTATOTHO JOKA3aTh PABHOMEPHYIO CXOAMMOCTH PsIJIOB

0 T
Z / ) dr(z*o®) (x))(k).
0

n=1

> ein(x0(2)) ©)
n=1

K KazKJIOMy 9TUX PAJ0OB IPUMEHUM HEPABEHCTBO Komm — ByHHKOBCKOFOI

[e’s) e’} @ k) (k’)
4 (k) (k) 3 (% (7))
gojn(mavn (7)) < )‘n‘PJn
2 2| Ve
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oo
<2

n=1

T
3 2 n
3 [ s art
0

00 T
> / £2(r)dr (o ()"
0

n=1

/2

T oo . (k) (k 271/2 T 0o 9 1
< )\3]02( )d [(.T} Un ( )) )\3f2( )d ’Un(.ilf)
< o fa(T)dr e o fn(T)dr 5y
— — n — — n
o n=l1 n=1 o n=l1 n=1

Psipl, crosimue B mpaBBIX YACTSX 9THX HEPABEHCTB, B CHJIYy YCJIOBHSI TEOPEMBI 2, COIVIACHO
JeMMaM 2 1 5, pABHOMEPHO CXOATCsA. Torma psijibl, CTOSIIIE B JIEBBIX YACTAX, CXO/STCS PABHOMEPHO
B (). AHAJIOTMYHO JIOKA3bIBAETCsl pABHOMEPHAsI CXOJAUMOCTD B {) U OCTAJIbHBIX DsIJIOB.

3 noKa3aHHOTO BBIIIE CJIEYET, UTO PSI/Ibl, COOTBETCTBYIONNE KazK/[bIM dIeHaM ypasHeHus (1)
u ycsoBusM (2), (3), cxoggarces: pasaoMepHo B ). Torya cymMma 9THX PsiJIOB Y/IOBJIETBOPSIET ypaBHE-
unio (1) n yenosusim (2), (3). CoenoBaresbho, cymma psifia (15) siisiercst perenneM 3a1a4u 1.

6. EIMHCTBEHHOCTD PEITIIEHUW A 3AJJAYN

Teopema 3. 3adaua 1 He moocem umems bosee 00H020 PEWEHU.

HoxkazareabcrBo. [Ipeanonoxum, aro 3agada 1 umeer apa permenust: up (z,t) u ug(zx,t). Bee-
ném obosnadenue uy(x,t) —ug(z,t) = u(z,t). Torma dynkmms u(z,t) aBasercsa pemnienueM 3aga4qu 1
upu p1(x) = po(x) =0, f(x,t) =0.

Bosbmém npoussosbaoe yncsio b uz (0, 7] u BBegéMm yHKIMO

N

t

N

0, b T,

YD J et e 0<r<
b

Ora pyHKINA 001aJaeT CIeIyIONMMNI CBONCTBAMIT:
Pw O < aﬁkw
T

a) Oxi’ Oxd 8:1:’“) € C(ﬁ), J= 0,k—1,u yJoBaeTBopsier yeaosusim (3), (4);

6) 11wy, 2 (1P wy), € C(Q) mw(z,t) =0, t € [b,T).
Vuuoxxum ypasuenne (1), npu f(z,t) = 0, na dynkumo t27w(x,t) n TPOUHTErPUPYEM MOJIY-
YEeHHOEe PABEHCTBO IO obstacTu §2:

1T
0 ou oF oFu
27 —277 27 1\ Y _
//t w(x,t) [ 6t<t 8t>+( 1) 81”“(:13 8xk>] dtdz = 0.
0 0

[Tpunnmast Bo BuuManue (21), nepenuiiem 310 PABEHCTBO B BH/IE

1 b b 1
9 2’y _1\k 2 o aaku _
0 0 0 0
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Tenepb, IPpUMEHAA ITPAaBUJIO UHTEI'PUPOBAHNA 11O TaCTAM, ITOJIYIUM

1
t2“’
[z
0

278 gt
e

b
k/t27 ok—1 ak ok—2 ak aﬂ
9zF1\" 928 )V T 9r-2\" 92k ) ox
0

b 1
0Fu\ OF L , _Okw oy
0 0

t=b
6w 6u ]d

e (—1)F 1

oot (=) <x dxk ) 9ak—1
OTKy/a, B cuity cBoiicts dyukuunit w(z,t) n u(x,t), caemyer
/ / ow 0 oFu
w Ou kw

— [ da | 7 dt+ [ tDdt = 0.

/ v / at ot / / oat ot

0 0

o, 0w OFu , OFTlw
Orcrosa, yauThiBasi paBeHCTBa 4 = t ’YE u =t

1 b 1 b
du o Okw ok +1lw
—/dx/udt—i—/x dar/ 8k8k8tdt:0.
0 0 0

,HaJIee, IIpUHUMasl BO BHUMaHHUE paBEHCTBa

x

ou 10 , wolw 10 [0w]® O
= 201 ) w(z,b) =

Yor T 20t" " xk orkot  20t| oaF ok

1 1 b
/u2(:c,b —(e+1) /:cad:z/ts(axk> t,
0 0 0

rnee=0nmpuy=0nme=4y—1mpuy > 0.

TIOJIY UM

s nocyiesero pasencrsa, B cuiy 7y € [0,1/2), crenyer, uro [u?(z,b)dx = 0.

Crenosarensro, u(zx,b) = 0 upu = € [0,1]. Tak kak b — npoussosbroe unciao us (0,7] n
u(x,0) =0, To u(z,t) =0, T. e. ui(x,t) = uz(x,t) B Q. Teopema 3 moKazana. O

Teopema 4. ITycmo gynryuu o1(xz), p2(x) u f(x,t) ydosaemsopsarom yciosusm meopemos 1
uay 2. Tozda dasn pewenus 3adavwu 1 cnpasedausa ouyenka

(e, DI, 0.1) < Kolller(@) 7,01 + 2@y 00 + 1 (@ DI, o)) (22)

2de K() — Hexomopoe deticmeumensHoe NONOAHCUMEALHOE YUCAO.
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HokazareascrBo. Tak kak {v,(z)}52; — opronopmasbHas cucrema, To u3 (15), corac-

n=1
0 (16)—(19), ciemyer HEepaBeHCTBO

luz, )7 0,1)

_ / (S e ] / [ 242 S untu(t)on(@)ur(a) dmzfjlui@)
0 0 "

n=1 n=1 n,k=1
n#k
[ ) 0
I I 2 2
<ES [lewl + ool + 1Ol paor ) < E S ol + loonl? + a0
n=1 n=1

+ 2|1l |02l + 2|@1nl | fa ) Ly 0,1y + 212l fa Ol 1y 0.1))-

BaMeHsisI I0C/IeIHIE TPH CJIATAEMBIX 110 HEPABEHCTBY, a’ +b? > 2ab, a 3aweM IpUMEeHsIs HEPABEHCTBO
Beccenst u obosnauas 3K depes Ky, moaydaum

o0
HU(%t)H%Q(o,l) < Ko (|901(55)||%2(0,1) + ||<P2(9C)||%2(0,1) + Z an(t)H%g(O,T))' (23)
n=1
Onennm mociesnHee ciaaraeMoe mpasoit wdactn (23). Ilpunmvas Bo BHmManme f(x,t) =
o0
Z n(t)vp(x) 1 OpTOHOPMEPOBAHHOCTL cucTeMbl QyHKIWM {vy, ()} |, HaxOAUM

1@ )20 = (£ ), £, 0) iy = <an@)vn(:c),zfn(t)vn(x))
n=1 n=1

L2(©)
T 1 w T
~ [ [ > futom Z (Ot it =3 [ 12001 = an( W0z
0o o =l 1o
B cuity sroro pasencrsa u3 (23) cpasy ciemyer HepaBencrso (22). Teopema 4 mokaszana. O
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