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BBEAEHUE

OrnepaTop CUHK-TIPUOJIMKEHU U er0o MO (GUKALIMU, TIOSIBUBIINECS B TEOPEMe OTCYETOB U ee 0000-
LIEHUX, HAIUTA npuMeHeHue (cM. [1—8]) B caMBbIX pa3IMYHBIX 00JACTIX MPUIOXKEHUN KOHCTPYKTHUB-
HOM Teopun yHKUM. OcHOBaTeIbHO pa3paboTaHHBIN ammapatr psanoB Pypee (cM., Harpumep, [9—
11]), MeTonm XxapakKTepUCTUK, IPUHILIMI CXXUMAIOIINX OTOOpasKeHUM U Jpyrue aHAJIMTUYECKUE METOIbI
MO3BOJISIOT UHTEHCUBHO U3y4aTh (cM. [12—29]) caMble TOHKME BOIIPOCHI B 00JIACTH PEIICHUS CMEIIaH-
HBIX KpaeBbIX 3a7a4 ¢ JMHEMHBIMU YPAaBHEHUSIMU BTOPOTO MOpsiaKa. BMecTe ¢ TeM st peaim3amuu Ta-
KMX METOJIOB TpeOyeTCsl MCIIOJIb30BaHME BCIIOMOTaTeJIbHbIX 3a/1a4, HalIpuMep, pellieHue 3agaun ['ypca
WY BhluuciieHne KoadpduumeHToB Dyphe oT HyHKIUI, BXOASIIMX B YCIOBUS 3agauyn. HeTpuBuaib-
HOCTb aHAJIMTUYECKOTO TIPEICTaBIICHUS pellieHns 3aaadun [ypca MpUBOAUT K TOMY, UTO METOJ, XapaKTe-
PUCTUK HCIOJb3YeTCsl, KaK IPaBWIO, IJISI MCCIESOOBAaHUS KOPPEKTHOCTU IO Apamapy CMeIlaHHBIX
KpaeBbix 3amad. CemeiicTBo MeTogoB Dyphbe, UMEIOIINX HeMpexoasdilee 3HaueHe B 001acTu pyHaa-
MEHTaJIbHBIX UCCCAOBAHMI pellleHUi 3a1ad MaTeMaTUIeCKOi (pU3NKU, TpebyeT BOZMOXKHOCTH Pas3io-
XeHus B psaa Pypbe PyHKIMI, BXOASIIMX B YCIOBUS 3a4adyu. DTO BO3MOXHO CAEIATh JaJ€KO HeE JJIst
BCEX HEMPEPBIBHBIX (QYHKIINM, JaxKe YIOBIETBOPSIONINX KpaeBhIM yclIoBUsIM. Kpome Toro, mpu 1mom-
cuete KoahpuueHToB Dypbe B pe3yibraTe YUCICHHOTO MHTETPUPOBAHUS OBICTPO OCUMUIMPYIOLINX
¢GYHKILIMIT OBICTPO HapacTaeT BEIYUCIUTEIbHAS IIOTPELIIHOCTh TAKMX METOAOB IIPY UX peain3aliiy B BbI-
YHCIUTENILHON MaTeMaTUKE, YTO AeIaeT 3aTPYIHUTEILHLIM UX MPUMEHEHHUE B MPUKIIAAHBIX 3a4a4ax
KOMITbIOTePHBIX HayK. He MeHee ocHOBaTeIbHO pa3BUTA TEOPUs PA3HOCTHBIX cxeM (CM., Hampumep,
[30—36]). DTOT NMOAXOM K PELIEHUIO CMELIAHHBIX KpAaeBbIX 3aa4 IJIsl ypaBHEHUsI 1apaboIM4eCcKOoro TH-
a O4YeHb XOPOIIO 3apPEKOMEHIOBAII ce0sI ¢ TOUKMU 3pEHUSI NPUKIIATHON MaTeMaTUKU. BOJbIIMHCTBO
YCIIEXOB KOMITBIOTEPHBIX HAyK B 3TOM 00JaCTH CBI3aHO UMEHHO ¢ IPUMEHEHHUEM aJITOPUTMOB, OCHO-
BaHHBIX Ha pa3HOCTHBIX cxeMaX. Ho mpeumyiectBa aHanu3a Mypbe, Takne KaK BO3MOXHOCTh OpraHU-
3auuy GUILTPOBAHUSI CUTHAJIOB, MIOJAaBJIEHHUE ITOMEX B HaYaJIbHBIX YCIIOBUSIX U T.I1., OCTAIOTCS 3a PaM-
KaMU BO3MOXKHOCTH 3THUX aJITOPUTMOB.

B Hacrosieii paboTe TpeayioxkeH METO pelIeHUs CMEeIIaHHBIX KpaeBbIX 3a/1a4 11 ypaBHEHUS T1a-
paboIMYecKoro TUIla, COYETaIOIINii B ce0e JOCTOMHCTBA 000UX OMMCAHHBIX TOAX0A0B. C TOUKU 3peHUs
dyHIaMEeHTaILHOM MaTeEMAaTUKU 3€Ch pellieHa CMelllaHHAasg KpaeBasl 3ajJa4da ¢ IPOU3BOJIbHBIMU Hellpe-
PBIBHBIMU, He 00S13aTEJIbHO YIOBIETBOPSIOIINMU I'PAHUYHBIM YCIOBUSM, (PYHKLIMSIMU B HavYaJabHBIX
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YCIOBUSIX M HEOOTHOPOMHOCTH ypaBHeHHUs. BMmecTo KoadduimenToB dypbe QyHKIUIMIA, BXOASIIUX B
yCJ10BUA 3aga4u, NCITOJB3YIOTCA UX 3HAYCHUA HA CHETHOM MHOXKECTBE paBHOOTCTOAIINX Y3JI0OB. l'[pe;[—
JIOXXEHHBIM METOJI OTHOCUTEILHO IIPOCT C TOUKHU 3pEHUS YUCICHHON pear3alii HOBOIO CII0C00a Mmo-
JIydeHHsI 0000IIEeHHOTO PelIeHNST N3y9aeMbIX 3a1ad MaTeMaTudeckoi ¢pu3uku. Ha xaxmom mare BbI-
MOJTHEHHUSI aJITOPUTMa B KaueCTBe 00JIacTU OMNpeneseHUsI ero MHMOPMaIlMOHHOIO ollepaTopa CIy>KUT
KOHEUYHBIII HabOop 3HAYEHUI1 HEIIPEPhIBHBIX (DYHKIIMIA yCI0BUiA 3agaun. EMMHCTBEHHOE, UTO TpeOyeTcs
TSI peajin3allniy IIPEeIIOKEHHOIO METOAa B KOMITBIOTEPHBIX HayKaxX, 3TO 00eCIIeYeHHOCThb CEPBUCHBIMU
CpeacTBaMM pelleHNsT OOBIKHOBEHHBIX TUddepeHIINaTbHBIX YPaBHEHUN. AJITOPUTM ITpeayCcMaTprUBaeT
BO3MOXHOCTh MCIOJIb30BaTh 3apaHee MoAcYUTaHHbIe KOo3dduimreHTs Dypbe sk cdeTHOro Hadbopa
BCIIOMOTATEJIbHBIX (DYHKIINIA, YTO PE3KO YBEJINIMBAET CKOPOCTD €T0 pabOThI, TaK KaK BCE PEIlIeHNe CBO-
IUTCS K BBIYMCICHUIO JTMHEMHONW KOMOMHALIMKU 3TUX (PYHKIUM. B 3akiitoueHun paboThl MpEemIoXeH
crroco6 HaxoxaeHus1 KoadduuueHtoB Mypbe BcroMoraTelbHBIX (YHKIUNA MOIEILHOM 3agadu C
MIOMOIIBIO PE30JIBBEHTHI OAHOIO auddepeHnnaabHoro orneparopa Komm TpeTbero nopsiaka, MCKIo-
yamIlii HEOOXOIMMOCTb MCIIOJb30BaHMS KBaApaTYpHBIX (hOpMya s OBICTPO OCHMUIMPYIOIIUX
(GYHKIIMIA.

1. DOPMVYJIMPOBKA OCHOBHOI'O PE3VJIbTATA

PaccMoTpuM cMellIaHHYIO KpaeByIo 3a1a4y

U, —u,, +q(xX)u = f(x,1), (D)
u(0,t)coso. + u, (0,)sina = 0, )
u(m,t)cosP + u, (m,¢)sinf3 = 0, 3)

u(x,0) = @(x), 4)

rne x € [0,m], € [0, T)upu T > 0, a pyHKUUU f U ( ABISIOTCS HEIIPEPBIBHBIMHU, KAX1as HA CBOEH 00-
JIaCTH OTIpeNieIeHNS. YIOBIETBOPEHUE TPAHUYHBIM YCIOBUAM (2), (3) GyHKUMAMM f 1 @ HE IpeaIona-
raetcs. DyHKIINSA ¢ UMeeT OrpaHUICHHYIO BapraIlnio.

CHayvasia cienaeM psiji onpezeieHuil. B npennonoxenuu p, > 0 mMpu KaxkIoM HEOTPULIATETILHOM A
CYMTaeM B MaJbHEMHIIIeM, 3a NCKITIOUCHNEM CIIeIINaTbHO OTOBOPEHHBIX CIyJYaeB, YTO 3aBUCSIIAS OT TTa-
pameTtpa A GyHKIUS ¢ €CTh IPOU3BOIbHBIN JIEMEHT U3 Il1apa VF’L[O’ ] panuycap; = o(x/X/ InA) Bipo-
cTpaHcTBe (YHKIIMN ¢ OTpaHUYECHHBIM U3MEHEHNEM, MCUE3aIOIINX B HyJIE, T.€. TaKas, YTO

Wlad<pw = 0(%) mpu A — oo, g, (0) =0. (%)
Torna ny1s1 1060T10 MOTEHIMANA ), € VPK[O, 7] Ipu A —> +eo HYJIM pellieHus 3agaun Ko
VAU =—g(x)y =0, y0,M)=1, y(O,A1)=h®k), (6)
WJIV TIPY TOTIOJTHUTEBHOM YCIOBUU
Wial<py, pr= 0(%) mpu k — e, g (0) =0, h(h) =0 (7)
3agauu Komn
VA =g (x))y =0, y0,h)=0, y(O,1=h}), (®)

nomnagatoiue B [0, 7] 1 mepeHyMepOBaHHbIE B MTOPSIIKE BO3pACTaHUSI, 0003HAUUM
0<xpp <xp <o <xa ST (g <0,X0000 > M. )

(Bmechb x_; 5 <0, X,3)415 > TOOO3HAYAIOT HYJIU ITPOIOILKEHHMS pelnenus 3anad Ko (6) wnu (8) mocie
JOOTpeeieHrsI KaKuM-110o obpa3oM GyHKIUM ¢, BHE oTpe3Ka [0, ] ¢ coxpaHeHHeM OrpaHUYEeHHO-
ctv Bapuanuu.) TeopeMa OCHUJUISIINH WM METOI KOHTYPHOTO MHTETPUPOBAHMS TIPU YCIIOBHUU (5) MTH
(7) obecrieunBalOT HEOrpaHUYEHHOE Bo3pacTaHue KomdectBa Hyneit (9) n(l) — +oo mpu A — +oo. B
JaJbHENIIIEM IS KpaTKOCTH OyneM 0603Hadath n = n(\).
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PaccMmoTpum pyHKIMM

y'(xk,xak)(x - xk,x)

Sea(x) =

roe y(x,\) ectb pemrenus 3agad Komu (6) win (8) ¢ HyIssMu Xy ), » IEPEHYMEPOBaHHBIMU COTJIACHO CO-
OTHoIlIeHUIO (9).

Onpenenenue 1. Ha npocTpaHcTBe HenpepbIiBHBIX Ha [0, T] GyHKUMI f onpeneanm orepaTopbl

AT (0 = 23 ) = LBL O, — o510+ 50, + LB SO r0) i

k=1
WY, B IPYTOM BUIE,

AT (f.x) = ATH(f,2) + {f o) () = JON o f((»} 5,000 —

~ {f(xO,x) (@ = £O0) %on _ f(O)} 50206) = Zl {f(xkﬂ,x) + /()

2 T 2 = 2 (12)
— (f(TC) — f(o))(xkﬂ,)» + xk,x) _ f(O)}S (X) + f(TC) - f(o)x + f(O) +
T 2 ke b1o
N {f(xn,x) _U@ = fO) X _ f(o)}sn,x(x) _ {f(xo,x) _ U@ = ()Xo _ f(O)} 0209),
2 i 2 2 i 2
AT (f,x) = %ATx(f, X), (13)
@ d’
AT 120 = = 5 AT/ ). (14)

Oco00 0TMETHUM, YTO 3HAUEHUS OTIEPATOPOB B OMpeAeJeHUM 1 3aBUCAT TOJIBKO OT 3HAaUeHU I (DyHKIIUU
J(Xe2) BHYISIX X, byHKIMIE y(x, 1)

O603HauMM TOC/IEAOBATELHOCTh NeHCTBUTENbHBIX Yucen O ={0,}—, 0<d, <m/n, ne N,
Xip, = km/n+ ¢, ipu 0 < k < n—sign(9,). Onpeneanm JMHEHHDIA OrepaTop CMHK-aNMpOKCUMALIUH,

CTaBSILMIT KaXI0ii KOHEYHO3HAYHOI Ha MHOXECTBE {X, 5 H—poy” " GYHKLMM f Leyio GYHKLMIO 110

MIpaBUITY

A sin(n(x — ¢,) — k)

L0, f,x) = ,Za "o o) —kn e
n—sign(9,) (_l)k sin n(x _ q) ) n—sign(¢,) (15)
N — n(x _ q)n) —km f(xk)\n) - 1; lk,n(x - q)n)f(xk,Kn)-

Heob6xonuMbie 1 JOCTaTOYHBIE YCIOBUS MOTOUYEUHOM M pAaBHOMEPHOI CXOMMMOCTHY 3HAUECHU A TAKUX
oIepaTopoB ToJrydeHHI B [37]. A B [38] mmocTpoeH mpuMep HenpepbIBHOM (DYHKIINH, KOTOPYIO HEIb3sT
NpUOIN3UTh 3HAYSHUSIMU TaKOTO OIlepaTopa HU B OMHOM Touke nHTepBana (0, ).

IToaTOMy paccMOTpUM OOHY MOAM(PUKALIMIO 3TOrO Oreparopa, SBJSIONIYIOCS YaCTHBIM CllydaeM
onepatopa (11), mocTpoeHHOTO 10 pelreHusM 3anad (6), (8), korna g, = const, A(A) = 1.

Ha MHoXecTBe HKLUKA 3aJaHHbIX B TOYKax X n;sngnid)n),oo OoIpeacjinuMm oreparTto
P kS k=0,n=1 >
An s

n—sign(9,)
AT =1 3 ) - LSO~ ro)fx

k=1

(16)
X (a6 = 0,) + = 0,0) + L =L O 20,
T
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rae pyHaaMeHTaIbHble QYHKIMK /, (X — 0,) onpeneneHsl B (15). B yacTHOM cityyae, Korna moTeHuuan
3agay Komw (6) wnu (8) ¢, = const, a BMECTO HENTPEPLIBHO MEHSIIOIIETOCS ITapameTpa A paccMaTpuBa-
€M IOCJIeIOBATEeIbHOCTh A = A, 1 A(A) = 1, TToJTy4aeM TOXIecTBa

n(\)

L@, f2) = D f(6,)50,(X) = S, (%), (17)
k=0
lk,n(x - q)n) = Sk, (18)

Hapsny ¢ Teopueii C.JI. CoboneBa, OCHOBBI KOTOPOI M3JIOXKEHBI B 3HAMEHUTON MOoHoTrpaduu [39]
(cMm. Takke [12—15]), B KOTOpOI#i 1151 BBeACHUSI MOHSITUSI 0000IIEeHHOM (PYHKIIMU UCTIOAb3YETCSl CXOAM-
MOCTb OCHOBHBIX (DYHKIIMIT B METPUKE IIpOCTpaHcTBa Jlebera, HOCTaTOYHO JaBHO IIPUMEHSIICS IPYTOi
MOJXO/ K TIOCTPOEHUIO TEOPUU O00OIEHHBIX (PyHKIIMMI. DTOT MOAXO0 MpeaycMaTpUBaeT UCIT0JIb30Ba-
HUE paBHOMEPHOI CXOOUMOCTH OCHOBHBIX (PYHKIINIA AJjIs1 IIOCTPOCHUS KJIACCOB SKBUBAJICHTHBIX ITOCJIE -
JIOBaTeIbHOCTEM, CBSI3aHHBIX C 00001IeHHOM pyHKImei. Hammpumep, Takast Teopust moctpoeHa B [14],
. 1, § 9, a aBTOphl MOHOTpaduu [40] 3TOT MoAX0N HA3bIBAIOT CEKBEHUMATbHBIM. MBI OyIeM UCIIONb-
30BaTh YACTHHLIN CIIydail orpeaeieH1usl 00001IeHHO (PYHKIIMK, TIOHMMAaeMOI B CMBICJIE CEKBEHIIMATb-
Horo noaxoaa (cMm. [40], m. 1.3).

Onpenenenne 2. Kitacc a3KBUBaJeHTHBIX MOCISA0BATEILHOCTEN HEMPEPbIBHO TU(depeHIMPYEMBbIX
Ha koMnakTe K (QyHKIIWiA, T.e. CXOASIIMXCS K OOHOI U TOH K€ HEMPEPbIBHOU (PYHKIIMU 110 HOPME Ue-
OBIIIEBCKOTO IPOCTPAHCTBA || f || ey = Max | f(x)|, Oynem Ha3bIBaTb 0000ueHHOL pyHKYUell, OnpedeseHHOU

Xe

Ha komnakme K .

IMoHsTHO, YTO HeMpephIBHO TuddepeHIpyeMas GYHKIIUSA f S5KBHBAJICHTHA 0000IIEHHOM (hyHK-
IIUH, TIPEACTABIISIONICit COOO0I KJTacC SKBUBAJICHTHBIX (DYHKIITMOHATBHBIX TTOCEA0BATEILHOCTEM, CX0-

IALIMXCS K HEW caMOM, Tak KaK CTallMOHapHad MOCJIEeN0BATENbHOCTD f, = f NPUHAMLIEXUT 3TOMY KJIac-
cy. MBI OyneM cuuTaTh pellieHUeM CMeIIaHHOM KpaeBoii 3agau (1)—(4) 00001eHHYI0 (DYHKIIMIO B TEp-
MuHax onpeneneHus 2. [Tosaromy B ciaydae, Korma KJIacCHMYECKOE pelleHHE CYILIeCTBYET, OHO OyneT
COBMANATh C HAILIIMM PEIICHUEM.

IMocne 3amensl u(x,t) = U(x)V (f) B cMeliaHHoIt KpaeBoii 3anaue (1)—(4) 1 pa3aeseHus IeEpeMeHHbBIX
B OTHOPOITHOM YPaBHEHUH, COOTBETCTBYIOIIEM ypaBHEeHMIO (1), ITOJIy4IM CUCTEMY YPaBHEHMIA, CBSI3aH-

HBIX MEXIYy COO0Ii CIIEKTPaIbHBIM TTapaMeTpoOM A:
U'+[A—gx)U =0, V'+AiV =0. (19)

Hob6aBuB K ypaBHeHUIO (19) cooTBeTCTBYIOIIIME YCIOBUSIM (2), (3) rpaHUYHBIE YCITOBUS IIs1 GYHKIIUU
U, monyuyuM peryisipHyio 3agauy Ltypma—JInysuis

u"+ [71 —qg(x)]lU =0, U(O)cosa+U'(0)sina =0, (20)
U(m)cosP+U'(m)sinPB = 0. (21)

CBoJicTBa TaKMX 3a/1a4 XOPOIIIO N3y4YeHBI, HAaIIpuMep, B [41]. O0603HauMM cOOCTBEHHBIE 3HAYEHUS U CO-

OTBETCTBYIOIIIMIE UM OPTOHOPMHUPOBAHHBIE COOCTBeHHBIe (DyHKIIMHU 3aga4u (19)—(21) Xm = Xm(q, o,pB)
nU, =U,(q,0d,B,x), m=0,1,..., COOTBETCTBEHHO.

Koadpduuments @ypbe 1mo cobcTBeHHBIM GyHKIMAM 3anaun L typma—JInysumist (19)—(21) pyHK-
uit (18) u nuHeHOM (YHKIMY 0003HAYMM CJIEAYIOIIUM 00pa3oM:

T = | Un(@,0.B.E) (& — 0,)dE,
° (22)

T, = fUm(q,a,B,ﬁ)dé, T, = I&l?m(q, o, 3,€)dC.
0 0

Hab6op koaddpunmrento @ypue (22) He 3aBUCUT HU OT HAYaILHOTO YCIIOBUS (4), HA OT MPaBoii ya-
ctu ypaBHeHus (1). OH omnpenesseTcs TOJAbKO MapaMeTpaMy CMeIlIaHHOM KpaeBoii 3a1a4un (ITOTeH1IMa-
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1160 TPBIHUH

JIOM ¥ TPAaHUYHBIMHU YCJIOBUSIMM) M MOXKET OBITh OIIpee/IeH 3apaHee I Kaxmoii 3amaau Buaa (1)—(4).
A uepes

ATl 1= 1Y (G + S {00 - LB, — o))+
=1

(23)
+ f(TC) — f(O) ,E(”i) + f(O),CES)
T

ob6o3HauuM KoapduuueHTel Dypbe 3HaYeHUs1 oreparopa (16) I TPOU3BOJBHON (QYHKUIMU
f e C[0,m].

ITomoxum
— " (ATS(f.O0)ctgo+ ATV (£,0)) mpn o = mm, meZ,
v, =
AT(f,0) npu o =mm, melZ,
e (AT mcteB+ AT (fm)  mpn B=mm,, mye Z,
v, =
ATf(f,n) npu  P=mm, mel,

V3
L= 2eM
H 2

Ha MHOXecTBe DYHKLMIL £ 3aaHHBIX B TOUKAX {X; ; Yizooey "~ ONpELeTUM OepaTopbI

2\ﬁvnunx npu Xx€ [Oi(ﬁﬂ, o=rmnm, mEedlL,
3 I\ 3

v, sin’ [],L,, (x + L(arcsin\F - QJD npu
[T 33

= {L(QJ,L—L(arcsin\/é—Qﬂ, o= mm, meElL,
[T AN /A8 TV TR 33

nx,A,) = 3 3 (24)
v, (l - L(arcsin\F - QJJ (x -y L(alrcsin \F - QD
[T T 3.3 al [l 3.3
npu xe [O,L—L(arcsin\ﬁ —Qﬂ o=7m, melL,
Il Il 3 3
0 mpu xe {l — L(arcsin\F — Qj,n}
[T T 3.3
2\E\7nun(n —X) TMmpu XE€ {n—i(%j,n}, B=mm, melZ,
v, sin’ (un (n - x+ L[arcsin \F - QJD
u, 303
opu xEe {n - T +i(arcsin\E—?),n—L(?ﬂ, B=mm, mel,
ﬁ(x, 7\/’1) — _ “’n Mi’l Ml/l (25)

-3 3
v, [l - L(arcsin\/2 - QD (n -y L(arcsin \/2 - Qj - xj
H, o W, 3 3 [T 3.3

npu xe€ n—£+i(arcsin\F—QJ,n, B=mnm,, mel,
TS K

0 mpu xe 0,n—£+i(arcsin\F—QJ.
TS 303
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[Momoxum
o = 1 npu (oo=mm,meZ)A f(0)=0,
: 0 mpu (o= rmm,melZ)v f(0)=0,

. _J1 npu B =nmy, mye Z) A f(m) = 0,
0 mpu B =mnm,melZ)v f(m)=D0.

(26)

0O0603HaunM Ko dpunreHTs @yphbe 3HaUeHUI onepaTopoB (24), (25) o cO6CTBEHHBIM (DYHKLIUIM
3amauu (19)—(21) kak

it = U0, 05B,) MG = [U(a,0,B,EMEN,)E,
’ 27)

ﬁkn,m = <(jm(q9 o, B’ ) s ﬁ(’ }\’n» = J‘(}m (qs oL, Ba &)ﬁ(g’ 7\’n)dg
0

OnepaTopsl, cTaBgmue B coorBeTcTBUe pyHKimu f € C[0,n] gacTuaHbsle cyMMbl Dypbe GyHKIIMU
AT (f,x) + n(x,A,) + 7i(x, A,), 0603HAUMM

j e~ "~
AT (f,x) = S AT nal £:100,1(q, 0B, %), (28)
m=0

rae

n

ﬁi,m[fan] = %Z(Tk—l,n,m + Tk,n,m){.f(xk,kn) - M’xk}n - f(O)} +
k=1

L@ = f(0) ™+ 0t + M + Tiam
n

(29)

SBISIIOTCS ee KoadpuiimeHtamu @yprve. OyHKLIUS AT,f’( f,x)+n(x,A,) +Ti(x,A,) uMeeT abCOTIOTHO
HeMNpepbIBHYIO TPOU3BOIHYIO Ha oTpeske [0, ] u yaoBieTBOpsieT KpaeBbIM yciaoBusaMm (20), (21). 3aech
Tak:ke 00paTMM BHMMaHME Ha TO, YTO 3HaYSHUS onepaTopoB (28), kKak n pyHKIIMoHaoB (29), onpene-

JIAIOTCS TOJIBKO € TOMOUIBIO 3HAaYeHUI QYHKIUA f(X; 5 ) B HYJISX X 5 -
OCHOBHBIM PE3yIbTaTOM PAOOTHI CIYKUT

Teopema 1. Ilycmv T > 0, € > 0, pyrkyuu f, © A64710mcs HENPePuI8HbIMU KAXNCOAs HA ceoell obaracmu
onpedenenus, U YyHKYUs q UmMeem 02paHu4enHyro eapuayuro, QyHKyus j(n), NPUHUMAOWAS Yeable 3HAYEHUS
unu becKoHeuHoCcmb, y0061emMeopsiem COOMHOUEHUIO

[P+ 1< j(n) < oo, (30)
Toeda obobuennoe peutenue cmewannol kpaegoil 3adaqu (1)—(4) npedcmaesumo 6 eude npedena

i ( A
uGet) = lim > | AToalonle™ + [0 AToa 1¢, T),n]dTJ U,(q.0.,). &)
n—ee m=0

0

—=0
Cxodumocms ¢ (31) pasrnomepHnas Ha npsamoyeonvHuke [G,€, T — G6,&]|x[0,T], ede ¢pynxyuonanvi AT pm|-, M|
onpedenerst ¢ nomoupsro (29), a 6,, &, onpedensiromes 6 (26).

3ameuanune 1. DTo HEONHO3HAYHOE TIPEACTABIeHUE SAMHCTBEHHOTO O0O0IIEHHOIO pellleHUsT cMe-
IIaHHOM KpaeBoii 3agau (1)—(4), Tak Kak BMeCTO MHTerpayiioB B (31) B KauecTBe YaCTHOTO PEILICHUSI CO-

OTBETCTBYIOIIIETO HEOAHOPOAHOTO OOBIKHOBEHHOTO YPABHEHUS C TIPABOU YacTeio AT 3,,,1[ f(,7),Mm] Mmo-
2KeT OBITh BBIOpAH JII000i1 Ipyroii mpencraBUTEb CeMECTBa 00I1IeTo pellieHNsT ypaBHEHUS, a He 00s13a-
TEJILHO YIOBJIETBOPSIONINI HYJIEBBIM HaYaIbHbIM yCI0BUSIM. HO B 3TOM cilydyae He ciaeayeT 3a0biBaTh,
YTO B KOO PULIMEHTHI, OTBEUAlOIIIME 32 HaYaJbHbIE YCIIOBUS B TIEPBOM CJlaraéMOM CyMMbI CJIeAyeT BHe-
CTU COOTBETCTBYIOIIIME€ KOPPEKTUPOBKHU.

XKYPHAJT BBIYMCIIUTEIbHON MATEMATUKU U MATEMATUYECKOU ®U3UKU  Tom 63 Ne 7 2023



1162 TPBIHUH

Kpowme Toro, BbIOMpasi pa3anuHble MOCAEA0BATENLHOCTU j(#1), YIOBJIETBOPSIOIINE COOTHOIIEHUIO
(30), mosyyuM pas3auyHble MPeNCcTaBUTE/IM Kjacca 3KBUBAJCHTHOCTH, SIBJISIIONIETOCS OOOOILEHHOM
¢GYHKIIMEH COTTTIacHO OITpeIeIeHIIO 2.

Mertom, TIpemIoXXeHHBIN B TeopeMe 1, TT0 CpaBHEHUIO C TEOpPUEH pa3HOCTHBIX CXeM COXpaHseT Tpe-
uMylecTBa aHanu3a @ypbe: Mo3BOJISIET OPTaHU30BBIBATh (PUIIBTPALIVIO, YOUPATh TIOMEXU B YCJIOBUSIX U
T.11. B oTiinume xe ot kitaccuuecknx MetonoB @ypbe u KpblioBa, aIrToOpUTM pellieHrsI CMEIIaHHOM Kpa-
eBoii 3amauu (1)—(4) B yTBepXKaeHUU TeOPEMEI 1 He TOJIBKO pacIIMpsieT MHOXECTBO JOITYCTUMBIX Ha0O-
poB GYHKIMIA f, (¢ 10 MPOCTPAHCTB HEMPEPBIBHBIX QDYHKIIMI Ha 0OJACTU CBOETO OMpeNeeHUs, HO U
TIO3BOJISIET OTPAHUYUTRLCS JAHHBIMU 00 3TUX (PYHKITUSIX TOJHKO B PABHOOTCTOSIIIINX Y3JTOBBIX TOYKAX

Xy, » @ He TpeboBaTh NHGOPMALHIO O GYHKIMHY Ha MHOXKECTBE IOJTHOM MepbI. JIJIst BHIYHMCICHUsT KOO -

¢pULEHTOB ﬁ Aml»M] MOXHO UCITOJIb30BATh HE 3aBUCSIILMIA OT QYHKIUIA £, (¢ HA0OP KO3 (hpurLIMeHTOB
Dypoe T, , (22) bynxkuuii (18), KOTOPHIN Ui Kax10i KpaeBoii 3anauu (1)—(4) MOXET ObITh 3aTOTOB-
JIeH 3apaHee. B cuity KoppeKTHOCTU 1o AgaMapy CMelllaHHO KpaeBoii 3a1auM IJI1s1 ypaBHEeHUSI ITapado-
JIMYECKOTo TUIIa KJaccuuyeckoe pelreHune 3agauu (1)—(4) ¢ 1octaTouyHO IIaaKUMHU YCIOBUSIMU, TOIMYC-
KaIoIIMMU €TO CYIIECTBOBAaHNUE, COBIANAET C pEellIEeHMEeM, ITOJIyYeHHBIM C IIOMOIIbIO TeopeMbl 1. YToOb!
HE BBIYKMC/IATh MHTETPAJIbI OT OBICTPO OCLMUTMPYIOUIUX (DYHKLIMIMA, [UIsT ONPEAEIEHUS Ty, ,, ,, MOKHO BOC-
MOJIb30BaThCS CACAYIOLIUMU YTBEPKACHUSIMU.

IIpennoxenne 1. B dugpghepenyuanvusix ypasnenusx sadau Kowu (6), (8) u ypasnenuu 3aoauu Illmyp-
ma—/luysunas (19) cuumaem q = 0. Toeoa kosgppuyuernmor Pypve (22) gynkuyuii s, 5 (10) no opmornopmu-

poeanHvim coocmeennbim pynkyuam U, 3a0aqu (19)—(21) mooxcro evruucaums ¢ nomowpro unmeepana Pu-
mana—Cmuamveca

T = muk,x”(nwm(n) = S (U, () —
; (32)
2 Um(x)

(7\’m - 7\’n) 0 (X - xk,?n,,)

Ecnu moteHuman cMemaHnHoM KpaeBoii 3agauu (1)—(4) HenpepbiBHO guddepeHIpyem, To Koad-
bunrentsl Pypbe GyHKUMIA 5, 0 OPTOHOPMUPOBAHHBIM COOCTBEHHBIM GyHKuIMaM U, 3anauu
I rypma—JIuysuis (19)—(21) MOXHO MOJIYYUTh C TOMOIIBIO PE30JIbBEHTHI OAHOTO IU( hepeHInaTb-
HOTO oIlepaTopa.

= (5, (DU, (0) = 5.5, (0)U,,,(0))) + dsiy, (%)

IIpennoxenne 2. B dughpepenvyuanvroix ypasnenusx sadau Kowu (6), (8) u ypasnenuu 3adauu Illmyp-
ma—Jluysunns (19) cuumaem nomenyuanvl Henpepwviéro duggheperyupyemvimu QyHKUUImMU, y0061emaopsi-

towgumu coomuoutenuro q(x) = 0. Toeda xoagppuyuenmor Pypove (22) @ynxyuii s, , No OPMOHOPMUPOBAH-
n

Hom coocmeennvim pynkuuam U, 3a0auu (19)—(21) mooxcrno eviuucaums ¢ nomowsbio pe3oaveerHmol Ougge-
peHyuanvro2o onepamopa Kowu

U, ).
T L (33)

Do) =0, D@y (xn) =U(xn)s Pio, m(Xin,) = Up(xXin,)

q)'k':),,,,m(x) + (kn + xm)q)'k,k,,,m(x) = 2sl'c,7\,,,(x)

credyrouum oopa3om:

Tk,n,m = cI)k,?u,,,m(n) - (Dk,X,,,m(O)' (34)

3ameuanne 2. B cuny mHBapuaHTHOCTU TuddepeHIraabHOro oneparopa 3agad Komwu (6) wiu (8)

OTHOCHUTEILHO I'PYIIIbI CABUTOB CIIEKTPATIbHOIO ITapaMeTpa M MOTeHLMaia § = g + const, A = A + const
B IpenjoxeHusix 1 u 2 6e3 morepu OOIIHOCT MOXHO CUYUTATh ¢ = const.
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2. BCTIOMOTATEJIbHBIE YTBEPXKJIEHUA

CHauvaina IIPUBEACM Psd BCIIOMOT'aTCIIbHBIX YTBep}KHCHHﬁ.

2.1. Acumnmomuueckue gopmynbvt

IIpennoxenue 3 (cMm. [42, Teopema 1], [43, npennoxenue 2]). Ilycmos p, =20, p; = o(«/X) npu A —> oo,
uV, [0, m] — wap paduyca p, 6 npocmparncmee GyHKUULL ¢ 02paAHUHEHHbIM USMEHEHUCM, UCHE3AIOUAUX 6 HYAe,
m.e. 05 2106020 OelicmeumenbHozo A

Vilgl<p @(0)=0, tme p, =o(A) mpu A — oo

2 .2
Toeda cywecmeyem makoe L, > 41°p;, 4mo oas écex A > \,, 1106020 NOMEHYUANA ) € Vpx[O,n] U npous-
601vH020 x € |0, ] pewenue 3adauu Kowiu (6) yoosremeopsiem caedyrouum HepaseHCmeam:

y(x,A) — ¥(x, A, h) cos VAx — B(x, A, /) sin\/xgxi < Pl + npx)(l + |h(7»)|]’

2 VA 35
HOW)| (35)
['Ge, 2) + VAy(e, A,y sin v — Bx, A, ) cos V| < Px(l2 :r/{px)[l N “ ]
20e
_ 17 A -
BCx. A k) = (k) + Elm"“’ voe =122 ! (Dt

IIpennoxenne 4 (cm. [42, Teopema 1'], [43, mpennoxenue 3]). Ilycme p, 20, p) = 0(«/7») npu
A— oo, u V,, [0, t] — wap paduyca P, 6 npocmpancmee QYHKYUil ¢ 0epaHu4eHHbIM U3MEHEeHUueM, UCcHe3aio-

wux 6 Hyne. Toeoa cywecmeyem maxoe A, > 4n2pi, umo das 6cex \ > A, 11060020 NOMEHUUANA ). € V,, 10,7
u npouszeonvHozo x € |0, | pewenue 3adauu Kowu (8) yooeasemeopsem ciredyroujum HepageHcmeam:

YA - % & 5000y cos T < AL+ TRIACL)

23
[ h) = ) cos Vax — VAS(x, Ay sin Vi < pa(l+ ;F:DWO»)I’ 6
‘y"(x, L) + AL sin VAx — A8(x, A, 4) cos \/Xx‘ < Pl +2%)|h(k)l’

20e
_ V|
S(X’ 7\" h) - I ! q;L(T)dT

IIpennoxenne 5 (cM. [42, Teopemsbl 2, 2'], [43, npennoxeHue 4]). Ilycmo gvitnoansemces ycaogue (5).
Tozda das ar06oeo nomenyuana qy € V, [0, npu A —> oo das Hyaeil pewenuil 3a0auu Kowu (6), nonadaro-
wux 6 [0, ] u nepernymeposarnubix 6 nopsaoke ozpacmanus coeracHo (9), cnpasedaussl caedyroujue acumn-

momuueckue GopmybL:
_Gk+bn 1 [ ) xl/zj
X T \/Xarcsm R + 0( )
V) = YA+ 200 ((—1)“‘*” + o( 1 ))

InA

npu A — oo,
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A 0n5 nepenymeposantvix coenacto (9) nyaeii pewenuii 3a0auu Kowu (8) ¢ h(\) = 0 u g, , ydoeremeopsi-
rowumu coomrouenuro (7), cnpasedausol acumnmomuueckue ¢opmynst euda

=k A

Xia «/Xn+0(lnkj npu A —> oo,

V' (X 0A) = h(l)((—l)k + O(L)) npu A — oo,
’ InA

CrpemyieHre K HYJIIO B 0-CHUMBOJIMKE paBHOMEpHO 110 ¢y € V, [0, n k : 0 < k < n.
711 Toro 4To6kI IO CBOMCTBaM HYJIel (9) BOCCTAaHOBUTH YCIoBU 3amad (6), (8), MOXXHO BOCIIOIb30-
BaThCsI pe3ynbTaTaMu ucciienoBanmii B [44], [45].

Ham norpeGyercs eie 0oqHO CBOMCTBO (yHAAMEHTAIbHBIX PYHKUUHA Sy ;.

Jlemma 1 (cM. [43, temma 2]). Ilycmob p; 2 0, p, = 0(«/7»/ In), npu & — oo, uV, [0,%] — wap paduyca
P 8 npocmpancmee QYHKYULL ¢ 02paHU4eHHbIM USMEHEHUEM, ucue3aouwux é Hyae (6 cayuae 3adoauu Kowu (8)
mpebyem ewe gvinoanenus ycaogus h(h) = 0). Toeda naiidoemes makoe 3navenue A, (8bi00p KOMopo2o 3a-
8UCUM MOALKO OM CKOPOCMU U3MEHeHUs paduycoe wapos P, 6 (5) uau (7)), umo 04: A106bix nOMeHyUao8
g € V,,10, 7] u pynxyuu h(N), a maxce onza 6cex h > Ay, pyrxuyuu s, ;(x), nocmpoenHbvie no peuieHusm 3a-
dau Kowu (6) u (8) moeym b6bimbs ouenenvr maxum o6pazom

X, A
max s (x) = max| ; Y, A) |S 3 npu  A> A,
xe[0,m] xe[0,] |y (xk’k,k)(x — xk,k)|

2.2. Jluppeperyuanvroe ypasnenue ons GyHKyui s, ,

Ipennoxenne 6. [lycmo @ynkyus q, umeem oepanuuenuyto eapuayuio na ompeske [0,7]. Pyuxyus
¥(x,\) yoosaemeopsiem dugpgpepenyuarvromy ypasrenuto 3ada4 (6), (8) u y(x;,,A) = 0 moeda u moavko
moeoa, Ko2o0a s, ; A6AACMCS 02PAHUMCHHbIM PeleHueMm Ougpepenyuanvho2o ypaghenus uoa

Sea + %Sk,x + (A =g (%) 8.5 = 0. (37)

Joka3zatenbcTBo. JleiicTBUTENbHO, IIyCTh (DyHKLUS y(x,A) ymZOBIeTBOpsieT AuddepeHInaIbHOMY
ypaBHeHMIO 3a1a4 (6), (8). Torma moacTaHOBKOIM MOIy4aeM COOTHOIICHYE

1
y'(xk,k’ A)(x — xk,x)

"0 + (A, — () ¥(x, 1)) = 0.

Hao6opor, mycts s, ; €cThb orpaHMYeHHOE pelieHue auddepeHnnatbHOro ypaBHeHus suaa (37)
BCrofy Ha MHOXecTBe [0,X; ;) U (x;3,7]. Torma momctaHOBKOW ybGexmaemMcss B TOM, YTO (GYHKIUS
Y(x,A) = y'(x3, M) (X = Xx; 2)8;,.(x) yIOBIEeTBOpseT ypaBHeHMIO 3amad (6), (8). YuurhiBas, dTO
¥(x;;) = 0, IpomosKaeM 5TO COOTHOLIEHUE Ha BECh OTPe30K [0, 7. [Ipemnoxenue 6 nokasaHo.

2.3. Hexomoposie onepamopst meopuu npubaudiceHuss QyHKYULL
Ipennoxenne 7 (cM. [43, npennoxenue 1]). [Tyems f € C[0, 7], u dyuxyuu g, u h(\) yoosisemeopsrom
yenosuio (5) 6 cayuae 3adauu Kowu (6) uau (7) — 6 cayuae 3aoauu (8). Toeda pasnomepno no x Ha ompeske
[0, 7] u no g, ha wapax V, [0, 7]

lim AT,(f, %) = lim AT(f,x) = (). (38)

IIpennoxenue 8. Ilycmos p;, =0, p;, = o(x/??/ InA) npu A —> oo, u Vo, 10,7l — wap paduyca p, 6 npo-
cmpancmee QYHKYULL ¢ 02PAHUYEHHbIM UBMEHEHUeM, ucke3arouux 6 Hyre (6 cayuae 3adauu Kowu (8) mpeby-
em euje svinoanenus yeaogus (L) = 0). Toeda cywecmeyem makoe 3navenue A, (3agucsiujee moabKo om
CKOpocmu. UsMeHeHus. paduycog uapog P, 6 (5) uau (7)), umo oas aobvix nomenyuanos g, € V, [0,7] u
Gyuryuu h(\), a maxce oas écex . > A, Hopmsr onepamopoe (13) u (14), deiicmeyrouux uz npocmpancmea
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oepanuuennvix gyukyuii M[0, 7] 6 C[0,T] u nocmpoennvix no pewenusm 3adau Kowu (6) uau (8), ceepxy
OUEHUBAIOMCSL CAeOVIOWUM 00PA3OM:

AT < Vg (39)
T

AT® < Ty, (40)
T

JlokazaTenbcTBo. CHavaia yCTAaHOBUM CIIPaBEIIMBOCTh olleHKM (39) st oreparopa (13) B ciaydae
3amaun Kommu (8). B cuiy maBapuanTHOCcTH omnepaTopa (12) OTHOCUTEIbHO YMHOXEHMS (PYyHKIINU
y(x,\) Ha OTIIMYHYIO OT HyJIsI KOHCTAHTy 0€e3 ImoTepu 00IIHOCTH oaraeM A(A) = 1.

BoseMem npoussonbHOE x € [0, 7). ITycTh &, — HOMep OvKaiero K x y3Ja (eCJIv TaKUX Y3JIOB 1B,

TO B Ka4eCTBE k; BbIOMpPaeM HOMED J1000ro u3 Hux). I3 acuMnToTuku HyJei pelenuii 3agaun Komn
MPEIJIOXKEeHUS S TTOJy4YaeM OLIEHKY

p—xmq=o&%) (41)

Torna Hopma pyHKIIMOHANa (OyneM paccMaTpuBaTh NpenctasieHue A7, B Buae (12)), craBsaiero Kax-
JIoil orpaHUYeHHOM Ha otpeske [0, ] pyHkuuu f € M[0,T] 3HaueHUe MPOU3BOAHON pe3ysbTaTa neii-
ctBUs orieparopa (12) B Touke x € [0, 7], MOXeT OBbITh OLIEHEHA CJIEAYIOIIMM O00pa3oM:

n ko1 n

' 2 ' ' ! 2
ATV () 2 I5a (0l 42 =2 5 (0l + 2k 1 (0l +2 D lsia ol + 2. (“42)
k=0 k=0

k=ko+1

A HopMa orepaTtopa (13), cTaBsiiero Kaxaoi orpaHudeHHoM Ha oTpeske [0, t] pyHkuum f € M[0, |
HeNnpepbIBHYIO MPOU3BOAHYIO 3HaUeHUs orepaTopa (12), aetictBytoiiero u3s M[0,r] B C[0, 7], ecTb

AT;f]) = m[oax]AT;fl)(x). (43)
xel0,1

Bropoe cnaraemoe B (42) olleHMBaeTcs1 ¢ moMolblo ¢opmybl Jlarpanxka, (41) 1 aCUMITOTUYECKUX
dopMyII IpeIoXKeHUs 3:

m%ﬂﬂzzvmmu—Mw—ﬂnwzop).

Y 2 WX = %2)°

Otcrona u u3 (42) nojrydaeM OLICHKY

ko—1 ' n '

o d yean) | | ey

A5 2kz=0|y'(xk,k’7\')(x - xk,x)| ¥ 2k=k0+1 |)"(xk,x,7¥)(x - xk,k)| ’

Sl bl | b |+g+41)
TC

Al M= x|y s M - x| VA

(44)
+2

)

N3 acumnrorndecknx GopMyIl IJIs HyJel penreHus 3agad Komm mpemioXeHus 5 I TOCTaTO9HO
GOJIBIIUX A OYIYT BBIMOJIHATLCA COOTHOLLIEHUS

. oL . T
min b, — x| 2 % min(pe — x; b — X0l 2 ik (45)
B cuny (44), (45) v acumnitoTrueckux hopMyIT IpeUIOKEeHUs 5 HaliieTcs 3HaYeHre A, (BBIOOp KO-

TOPOTO 3aBUCHUT TOJIBLKO OT CKOPOCTU U3MEHEHUsI paauycoB 111apoB B (5), (7)) Takoe, 4TO IJIsT BCeX A > A,
CITpaBeUTMBO HEPABEHCTBO
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ATV (x) < 2y'(x, M',; ((—1)" — (%))(X - +
+ 2lp(x, k)|§' ((_l)k . 0(%)) o xk’k)J + i +0 (ﬁ)

3mech 1 manee MTPUX Y CYMMBI O3HaYaeT OTCYTCTBHE CJIaraeMoTO C MHAEKCoM k = k. Eciu k, = 0, To
B CyMMe OTCYTCTBYET IIepBO€ claraeMoe, eclii Xe k, = 1, To HeT TpeTbero. OTciofa mojrydyaeM OlleHKY

AT (x) < 2y'(x, x)|(1 + 0(
i 8VA (46)
T e

1 2,,(L
L S € A (- M O(ﬁ)'
L Y

+ 2|y(x,x)|(1 +lo

YuuteiBas To, yTo ipu x € [0, 7] x(t — x) = 0, uyTO IpU X € [O L} B CUJIy BbIOOpa HOMepa k, Iep-

b
NS
BBII MHTErpasl B ITOJIy4CHHOM OLIEHKE MCUE3aeT, a IIPU X € |:TC — ﬁ, n} HET BTOPOTro MHTETpaja, OLeH-

Ka CYMMBbI MHTEIrpaJIoB pacagacTCsda Ha ABa Ciiydasd:

I dt . [ d I
j - L — n(x—o) " +Int-»f , <
x—t x+it—x SNy
8V
In0)+1Inl6 mpu xe [L,n—i}
< 40T A

%1n(k)+1n8 npu xe[O,%}u[n—ﬁ,n}

Tenepb olIeHUM CyMMY UHTETPaJIOB

b (x-n' Joa-x»' om x(m—x)

8V

Tﬁ dr +T i _16dh =

YuutbeiBasg, 4yto x(m—x)=>0 npu xe€ [0,w], x(m—x) >0 npu xe€ [L,n—i,n} U 4TO TIpU
EN/RN/)

X € [O,L\/,} B CWJIy BbIOOpa HOMepa k, MEPBbIi MHTETPal B MOJYYEHHOI OLIEHKE MCYE3aeT, a MpU

X e [TE - T[',:| HET BTOPOI'O MHTETpaia, OI€HKAa CYMMbI MHTCTPaJIOB pacriagacTCda Ha TpU Ciiy4dasd:

4\
N/ [L _L}
e T xm-x T TS A
8JA n
I dr 5+ J. dr > < 8\/7‘— 1 pu xe[O,i},
) (x—1) L (t—x) T m-x NN
" 8V _1 [ _n }
i npu Xxe€ |7 4\/X,n.
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PaBrHOMepHas 1o x € [0, Tt] ortleHKa HOpMEI omiepatopa (13) Takum 06pa3oM B cruty (46) UMeeT BUT

AT S16«/X|:ln(x)+l6+nln16}+0(%}
T T n

OTcrona ciieyeT cylecTBOBaHUE A, > A, HACTOJLKO GOJIBIIIOTO, YTO JJIsI BCeX A > A, BepHa olleHKa (39)
B caydae 3agadun Komm (8).

IToxkaxeM, 4TO HepaBeHCTBO (39) IPH TOCTATOYHO OOJNBIINX A CIIPABEIIMBO IS s (0< k < n),
MMOCTPOEHHBIX ¢ TIOMOIIBIO pemieHunit 3anaun Koiru (6). st 3Toro npoaoKuM GyHKIINIO

g(x) mpu xe[0,m7,

w0 = {O npu x & [0,m]. (“47)

IMTocne gyero cacjiacM 3aMCHY HE3aBUCUMOM HCpCMCHHOﬁ

n(xx/x + arcsin LZJ
;= V?\.+h(7\.) ’ (48)

n\/x + arcsin \/ A

A+ 1)
O0o03HaYUM
nﬁ + arcsin #20\) 5
P, h) = * t—Larcsin [—2 2 49
HER =y /A Jiarcsm\/x + H (L) “9
"u
| 2 )
:() =1+ — in ———| X
) ( | hz(k)j
/A + arcsin /% (50)
X qy, A+h (k)t - Larcsin A
A NOY i+ 2 |
rme

2
X=(1+Larcsin sz A
WA \/?\.+h \)

ITocne 3ameHbl nepeMeHHBIX (48) yoexnaemcs ¢ momolibio TeopeMbl [Tukapa, uto pynkimu (49) ectb
OOHOBpPEMEHHO pelleHne 3agad Komm

P AR =g0)p =0, $r0),1) = p0,1) =1,

510, ) = (1 + -1 arcsin /LJ hO\) (1)
YRR A A+ A

PR -g@)p =0, HO0,h)= y(—iarcsm /Lj =0,
* NO A+ RO 52)

Ay A 1 . A N
$0,h) = VA + B2V (1 +—prarcsin /m) = h(\).
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Kpome Toro, B cuiy (47) u (50) \/77» -1/2 < VA < \/77» +1/2, T.e. \/K ~ ). CrnenoBaTeabHO, COOTHOIIIE-
Hue (5) nis 3agaum (52) coxpaHsieTcsl, Tak Kak 13 (47) u (50) monygaeM

i i
GO0)=0 u VJ‘[@XJS(Hﬁ) Vo"[qu=o[%j=o[%j. (53)

ComnacHo (49) nput e [0,m]u x € —Larcsin LZ,TC MMEEM TOXIECTBO
YA A+ 1\

IEY N ()
Y M(x = x5) ﬁ'(fk,x,k)(f —43)

Sea(x) = = §,;(0). (54)

Tak xax §, ;(f) mocTpoeHbl ¢ momoubio 3anayn Kowmm (52) Buna (8), cootHomenue (39) nokasaHo
MOJIHOCTBIO.

Ilepeitnem K mokaszatenbCcTBY olieHKH (40) HOpMBI oriepatopa (14).

O1s1Th CHavasia paccyKIeHus OyaeM IMpoBOAUTh B cirydae 3agaun Komu (8). B cumy mHBapmaHTHO-
ctu oniepaTopa (12) OTHOCUTENBHO YMHOXEHUST GYHKUIMH y(x, ) Ha OTIIMYHYIO OT HYJISI KOHCTaHTY 0€e3
IMOTEPHU OOLIHOCTH MmojiaraeM A(A) = 1.

Bosbpmem npousBosbHOE X € [0, 1t]. [TycTh k, — HOMep Gmkaitiero K x y3ia (eciv TaKuX y3JI0B IBa,

TO B KaYecTBe k, BbIOMpPaeM HOMED Jt000ro u3 Hux). I3 acuMnToTuku Hyjei peleHnit 3agaun Ko
peaaoXeHus 5 mojiydaem olieHKY (41). Torna HopMma ¢yHKIIMOHaNa (OyaeM paccMaTpUBaTh MPeaCTaB-

Jnenue AT) B Buae (12)), crapsiiero Kaxaoi orpaHnueHHoi Ha oTpeske [0, ] dynkiuu f € M[0,m]
3HaYC€HME BTOPOIi IIPOU3BOIHON pe3ynbTaTa aeiicTBus oneparopa (12) B Touke x € [0, ], MOXeT ObITh
OIIEHEHa CJIEAYIOLIMM 00pa3oM:

n

n ko—1
AT () < 23 I, (01 = 2 Iska (ol + sl + 2 Y sl )
k=0 k=0

k=ko+1

A Hopma omeparopa (14), cTaBsiiero Kaxaol orpaHM4eHHOU Ha oTpeske [0,7] byHKIUMU
f € M[0,t] HenpepbIBHYIO BTOPYIO MPOU3BOMHYIO 3HaueHus omeparopa (12), AelcTBylollero us3s
M][0,xw] B C[0, 7], ecTb

AT? = gl[aa)é]AT;fz)(x). (56)

Bropoe ciaraemoe B (55) olieHMBaeTCsI ¢ ToMOIIbI0 popMyIabl Jlarpanxa, 1eMMbI 1 1 aCUMIITOTUYECKUX
GopMYIT TIpEIIOXKEHUS 5.

OTKyna cieayeT CylecTBOBaHUe KOHCTAHT A, > 0 u C; TakuXx, 4To Juist Bcex A > A, u x € [0, «] cripa-
BeIUTMBA OIleHKa

2lsj; 2 ()] < VA
Orcrona u u3 (42) nojaydaem OLIEHKY
PP ETPS | M T CYSTR P ol N 55 R S be ]
= |y'(xk,7u7\')(x =X kS |y'(xk,7u7\')(x - xk,x)| =0 |)"(Xk,x,7t)(x = X2) |
n ' ko—1 n
PP o N L N U S 1CY RN P ol 1C.YC R PO

Gy M= x0)] B Gae M— x| Y G M= x|

(57)

M3 acumnroTrueckux ¢hopMysl I Hylleil pelreHus 3agad Kol mpemioXeHus 5 Ojis JOCTaTOYHO
GOJIBIINX A OYIYT BBIITOJHSITHCS COOTHOIIEHUS (45).
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B cuny (45), (57) v acumnitoTrueckux hopMys MPEIoKeHUs 5 HalleTCst 3HaYeHue A, = A, (BBIOOD
KOTOPOTO 3aBUCUT TOJBKO OT CKOPOCTH M3MEHEHUSI paanycoB 1IapoB B (5), (7)) Takoe, 4To IUIST BCeX
A > A, CIIpaBeUTMBO HEPABEHCTBO

1 ‘ . =
| +A LY,

AT () < 2y 1) 1
S| ST R et 2 Tt e
1 o
+ 2lp(x, x)|z (( " +0(lnlx))(x—xk,x)3 +0(V1).
O1leHUM CYMMEI CISIYIOIINM 00pa3oM:

O e N

0 x+ﬁ

+4y'(x, 7¥)|(1+ (1 lx)‘)gf jﬁ(x Tﬁ P :jtx)z +
$Vn
s [ T ot
s

ITpu oLieHKE yYUTBIBAEM, YTO max x(T—x) =T /4, x(T—x) > 0 npu x € T n—-T_ | wuromnpu
0 PN RN Y
X € [O,ﬁ} B CUJIy BBIOOpa HOMepa k, TMEepPBBIII MHTETPal B MOJYYEHHO! OIIEHKE MCUE3aeT, a MpHU

€ [n - ﬁ,n} HET BTOpOro uHTerpajga. TakumM ob6pa3om, TToydaeM COOTHOIIIEHUE

T

8 T
| dr_, [ At — _in(x =1y M+ In@ - , <
y x=1 J 1-x x+l

>
a

In(A) +In16  1pu € [ﬁ,n—ﬁ},

%m(x) +In8 npu xe [o,ﬁ} U [n—ﬁ,n}.

Tenepb oLieHUM CyMMBI MHTETPAJIOB

IN

o g . I dt _16dh = iﬁ i, I dt _ 8
(x—1)° t-x¥ © x(n-x) 3 t-xy
8f 8f
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B wutore, ¢ yderoM acMMNOTOTHMYECKUX (DOPMYJ TpemaoXeHUs 4 ToilydaeM paBHOMEPHYIO IO
x € [0, 7] oueHKy

AT (x) < (x, x)|(1 + ‘ (1 lx)‘)m{ [In(L) + In16] +

(LS] s+oL 25[ 2] o)

O1lieHKa HOPMBI OoTlepaTopa TaKUM 00pa3oM MMeEET BUJ,

@ . L6A 16A

+y'(x, x)|(1+

AT, 1n(x)+0( ).

OrTciona ciefyer cyniecTBoBaHue A, = A, HACTOJIBKO GOJIBIIIOTO, UTO JUTsl BceX A > A, BepHa olieHKa (40)
B ciaydae 3agauu Komm (8).

CrnipaBeiMBOCTb O1IeHKH (40) TPy 10CTaTOYHO GOMBIINX A 11 5, 5, (0 < k < 1), TOCTPOESHHBIX C TIO-
MollbIo pelteHui 3amaun Komu (6), ycTaHABIMBAeTCsI TAaKKe, KaK CIIPaBeIJIMBOCTb COOTHOIIeHUS (39)

s s, 5, (0 <k < n), NOCTPOEHHBIX C MOMOIIBIO penteHuit 3anaun Komu (6). [Tpennoxenue 8 noka-
3aHO TTOJTHOCTBIO.

3. PELIEHUE KPAEBOU 3AJIAYU

Hawm noTtpeGyeTcst B naibHeiieM clienytolliee MpeaioXeHue B ciaydae A = A,
Ipennoxenune 9. Pynxyuu AT, (f,x) + N(x,A) + Ti(x,\) a5 1106020 nosoxcumenvrozo & ydoeremeopsi-
H0M COOMHOUEHUIO

}lhl_l;];lc”A Tx(fa ) + n + ﬁ - f"C[GIé,nfG]é] -

HokazarenbctBo. DyHKIiMs 1(x,A) + ﬁ(x, A) OBaxIbl HEMpPephIBHO AuddepeHLmpyeMa Ha OTpe3Ke
[0, m]. [Tpu 2TOM ee HOCUTEb YIOBIETBOPSIET COOTHOIIEHUIO

supp(n+1) < {O,E_l(arcsin\[g—ﬁﬂ U{ﬂ:—%+%(arcsin\[g—£),n}_ (58)
bl [ 3 3 [t 33

IMpu A > In 4 B CUJTY TIPEMJIOKEHUS 8 BBITIOTHSIOTCS COOTHOIIIEHUS

V3

[O,E - L(arosin\/é - Qﬂ [ - % %(arcsm 2] , n} =,
(VI 3.3 it (59)

I e Do ] < 9 = 0T Rn)

33 Wl I 33

JIJISI IPOM3BOJIBHBIX TPAHMYHBIX YCIIOBUIM TpeTheTo ponaa. B cirydae xe rpaHMYHBIX YCIIOBUI IIEPBOTO PO-
I1a Ha BceM oTpeske [0, 7t] cripaBeminBa OolieHKa

N+ Tl 5 < max(v,¥) = max(AT,(f,0), UT,(£,mDO(1). (60)

Teneps yTBepXaeHUE NIPEMIOXKEHUS 9 caeayeT U3 npeaiokeHus 7.

3. 1. Ouyenka koagpgpuyuenmoe @ypve AT, (f,Xx) ¢ noMOUsbIO UHMESPUPOBAHUS NO HACMAM
B caenyiolieM npemioKeHUU MOJydeHa OLIEHKA MMOTrPEIIHOCTH PAaBHOMEPHOIO TPHUOJIVKEHUS Ya-

CTUYHBIMHA cyMMaMi Dyphe “TTOANpaBIeHHBIX” 3HAYeHUM OTTlepaTopoB A T,f’( f,) TakKuM 00pa3oMm, 4To-
OBl BBIMOJTHSJIUCH KpaeBble YCIOBUSI.
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Ipennoxenune 10. /lycmo p, 20, p, = 0(\/7T,,/ Inl,) npu n — oo, u V, [0,7] — wap paduyca p, ¢
npocmparcmee (YHKYUil ¢ 02pAHUMEHHbIM USMEHEeHUeM, ucue3arnuux 6 wyte (6 cayuae 3adauu Kowu (8)

+£
mpebyem ewje evinoanenus ycaosus h(h,) = 0). Ilycms maxxce 0 < € <1, j(n) := 7»£ 1*5) +1, pyuxyus [

saeasemcst HenpepwieHoil Ha x € [0, Tt], u pynkyusa q umeem oepanuuennyro eapuayuro. Toeda 0as noepeuwino-
cmu pasHoOMepHOU annpoKcumMayuy 3HaveHusmu onepamopog (28) cnpasedausa oyenka

—25 1+—

”f”C[() - c . —0(1). (61)

Jj(n)

AT (f,) +1() = 7() - ZAT,,m[f nW0,.(g,B,°)

C[0,m]

Joka3areabcTBo. M3 acummnrornyeckux popmyi (35), (36) cienyer olieHKa
”Um”Lz[o,n] =0(1) mpu m— oo (62)

CHavasia pacCMOTPUM cCilyyait, Koraa JieBble KpaeBble yciioBus 3agauu IItypma—JInyBuiis Takue
Xe, Kak B 3agade Komm (6). B cuiry (35) ¢ TOYHOCTBIO 1O HOpPMUPOBKHY MMEEM OIIEHKY

+

[aT(f, 00, (x)ax| <
0

f ATL%) [Wa K> 1) 08 A + B, M0 ) %}zx

IATx(f )

P, (1+ 7Py |h(xm)|)
1+ dx| =
2, ( o )

2 T
- \/v%x, Doy + B O +

IA T.(f,x) (sin ,,, cos \/7»_,,,x +coso, sin \/7»_,,,x)dx
0

m

+ ”A L.(f, ')”C[O,Tﬂ 0 (7\%} ’

m

e sin¢, = y(x,km,h)/\/yz(x,km,h) +B*(x,\,,,h)/\,,. TIDOIOIKIM OLICHKY, MHTEIPUpYSI 1O JYACTSIM
uHTerpan Ctuntbeca (cM. [46], or. VIII, § 6, 1. 5):

j AT (S, X)U ,(x)dx| = j AT (f,%)sin (0, + A x)dx + AT o 0(%) -
0 0 m

sin’' (q)xm + \/me)r sin(q);L + \/Ex)r

+ AT, (f, x) z -
Ao ‘o e A ‘0

m
1
0(— _
A
O1Th BOCIIOJIB3YEMCSI aCUMIITOTUUECKUMU (pOopMyJiaMU TIpeJIOXKEeHUST 3 U BepHEMCSI K COOCTBEH-
HBIM (DyHKIIUSIM B TIEPBBIX ABYX CJTaTa€MbIX C TOACTAaHOBKAMMU:

Um' (x) !
A

m

= |=AT,(f,x)

+|AT,

- t ! AT (f,x)sin (¢, + R, x)dx

1

—AT,(f,x)

+

[ AT/, 00, (x)ax
0

+ ATi(f,x)U;—()O

0 m

0

+

—t!AT;:’(f, x)sin (¢xm + \/Ex)dx

+ ”A T.(f, ')”C[O,n] o [KLJ

m
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B cuiy (40)

177[7\,1“7\'

AT 00000 = 5ol AT N 0[5 | = Ul 2222
0 m

m

o(1).

®ynkiusa n(x, A) + 1j(x, A) IBaxkabl HerpepbiBHO AudbepeHirpyeMa Ha otpeske [0, 7T]. YuuTtseiBas (59),
(60) 1 oureHKyY mes (supp(n + 1)) = O(e_x) , AHAJIOTUYHBIMU PACCYKICHUSIMY YCTAHABIMBAEM OLIEHKY

Aln A
Ao

Tenepp nepeiiiemM K olleHKe TTOrPEeLIHOCTH YaCTUYHBIX CyMM psinoB DPypwe misg AT, (f,-). Xopouio us-
BE€CTHA aCUMITOTHUKA COOCTBEHHBIX 3HaueHu 3agaun HItypma—JInysumis (19)—(21) (cM., Hanpumep,
[41], 1. 1, § 2, (2.12)). TToaTOMY, €citi MBI OyIeM it Kaxa0ro A > 0 6patb HOMEpP COOCTBEHHOTO 3Ha-
YEHUS1, YIOBJIETBOPSIOIIMI COOTHOIIEHNIO

AlnA _ AlnA

2
A, m

npu HekoTopoM 0 < € < 1, TO MOTPEITHOCTb alIMPOKCUMAIIMU Kaxaoit pyHkumuu AT, (f,-) OyaeT paBHO-

AT vl £n] = Al 520D, (63)

<m

In

.

MEPHO MaxKOPUPOBATLCS C TIOMOIIBIO OCTATKA CXOASILETOCS YUCIOBOTO psaa E m ¢. Janee, rpo-
=

JIOJKAEM OLIEHKY [IJIsI JOCTaTOYHO Gombimx A u 0 < € < 1.

Boszbmem
JO =[]+,

e € ;= 2e s 0. B aToMm ciyuae B cuty (63), (62) Haiinetcst A, > 0 Takoe, 4TO 1UIsT BceX A > A, cripa-

—€
BeITiBa olleHKa (61). AHAJJOTMYHO paccMaTpUBaeTCsT CIyvail JIeBbIX KpaeBbIX YCIOBUIA, KaK B 3amade
Komwu (8). IIpennoxenue 10 nokasaHo.

3.2. Jlokazamenbcmea 0CHOBHbIX pe3y/1bmamos

Joka3arenbcTBo Teopembl 1. Boibepem u 3apukcupyeM HekoTopoe € > 0. OnipenenuM j(n) Kak B (30).
B cuny npennoxenuii 9 u 10 mpencraBum s Jiro0bIx ¢ € [0, 7] cnenyoomnire ¢GpyHKIIMKY C TIOMOIIIBIO OTle-
patopa (28):

J(n)

lim AT} ) (f(,1),x) = lim ZATnm[f( .MU ,(q, 0B, x) = f(x,1), (64)
" m=0
J(n)
lim AT (9, %) = lim Z TomlonI0, (¢,0,B, X) = (). (65)
Ao m=0

PaccMOTpuM ceMeiicTBO cMelllaHHBIX 3a/1a4, 3aBUCSIIUX OT TapaMeTpa A,,, BUjia

Uy, =t + qOOU, = ATY () (f(,1),%), (66)
u, (0,7)coso+uy (0,5)sinow = 0, (67)
u, (m,1)cosP +u, (m,1)sinfp =0, (68)

u, (x,0) = ATY (@, X). (69)

®Oyukius (69) 1 mpaBast YacTh ypaBHeHUS (66) UMEIOT aOCOTIOTHO HETTPEPBIBHYIO ITPOU3BOIHYIO MO
x. Kaxxmas 3amava (66)—(69) MMeeT emMHCTBEHHOE KJIACCUYECKOE pellleHHe, TOITycKalolee Iocye Yao-
BJIETBOPEHUSI HAYAJIBHBIM YCJIIOBUSIM COTJIACHO METOIY pas/ieieHus TIepeMeHHBIX pa3IoKeHe B paBHO-
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MEPHO cxonsiuiics Ha npssmoyronbHUKe [0, 7] X [0, 7] psim @ypbe o cOOCTBEHHBIM (DYHKUIMSM 3a0a4r
M rypma—JInysuiis (19)—(21), koTopblii B ciydae j(n) < oo MpeBpalllaeTCs B KOHEUHYIO CyMMY:

Jn)

—o i, [ T
w, (x,1) = Z{A TrmlO,mle ™" + j e VATl £ 1),n]dr] U,.(q,0,B,%). (70)
0

m=0
B cuny (29), (58)—(60) Mepa HocuTeJist orpaHUYEHHOM (DYHKIIMY 1) + T| yObIBaeT, Kak O(efx”). 3Ha-

t g —

YUT, KaXKI0€ cllaraeMoe I e 4 Tanlf(,7),M)d7T B kKO3hdumente byukuuu U, (g, o, B, x) ob1anaer
0

CBOMICTBOM

1 t

j e AT AT — j e MO LT LG MldT = O ™).
0 0

M B cuny kputepust Kol paBHOMEpPHOI CXOOMMOCTH psifa BIusHUE “McnpaniieHus” (29) KpaeBbIX

ycnoBuit N(x, A, ) + fi(x,A,) AJst ipaBoit yactu ypaBHeHusi (1) B TpeTbeM ciiaraeMoM (70) MOXHO oiie-
_77\"
HUTH Kak O| e 2 J IMoatomy B crity (24), (25), (58)—(60), npemnoxenwnit 9, 10 u [13, § 34] nomygaem

paBHOMEpPHYIO Ha TIpsiMoyToiibHUKe [G,€, T — G,€] X [0,7] cxomumocTs petieHuit 3anad (66)—(69) x pe-
IIEHUIO CMEIIaHHOI KpaeBoii 3agaun (1)—(4):

limu, (x,1) = u(x,1).
n—eo M

Hpyrumu cioBamu, J1r00ast MOANOCAEIOBATENBHOCTD U, (X,1) IPU j — oo IPUHAMIEXKUT KJIacCy dKBU-
nj

BaJIEHTHbBIX MOCEA0BATEILHOCTEM, MPEACTaBISIOIEMY COO0 COTIACHO OTpeaeeHUIO 2 0000IIEHHYIO
(GYHKIINIO, SIBIISTIONIYIOCS 000OIIEHHBIM pPElIeHUEM CMelllaHHOM KpaeBoii 3agaun (1)—(4). Teopema 1
JloKa3aHa.

HokasaTenbcTBo npenioxkenus 1. B okpecTHOCTH J11060T0 U3 HYJIEH X, , UMEEM OLIEHKY

ll'c,n(x - ¢n) = 0(1)

BoseMeMm HOpMUpOBaHHY10 coOcTBeHHY10 dyHKUMIO U, 3anauu lItypma—JInyswmrda (19)—(21), ymHO-
KMM ee Ha ToX1ecTBo (37), a Toxaectso (19) Ha pyHkumio /; ,(x —¢,):

(X = 0,)" GO () + (X#z,;n(x — 0,) () + (Mg = G0)) [ (X = 0,)U,(x) = 0,

- xk,n) (71)
I (X = 0 )Un(x) + (A, = q(2)) L, (x = 0,)U,,,(x) = 0.
BrrureMm 13 mepBOro TOXXIeCTBa BTOPOE:
(lll,n(-x - q)n)(-x)Um(x) - lk,n(-x - q)n)Ur'n(-x))v +
2 1 g
+ —lk,n(x - q)n) (X)Um(x) + (7\’n - xm)lk,n(x - (I)n)Um(x) =0.
(X - xk,n)

IToHumMas Bce HeCOOCTBEHHBIE MHTETPpaIbl B CMBICJIE TJIABHOTO 3HaueHMs 1o Kolu, mpouHTerpupyem
MMOTyYeHHOE TOXIECTBO 1o x B IIpeaeiax ot 0 mo 7. Orcioma monydaeM (32). Ilpemnoxenne 1 mokazaHo.

Jloka3arteinbcTBO npemioxenud 2. OnpeneauM GyHKIIAIO

©p () 1= [ &= 0,0, (&) (72)

n

B okpectHOCTH MI060TO M3 HYNE X, ,, ONIpefeNleHHbIX cooTHOLIeHUusMU (9), B hopmyne Teiinopa uc-
MOJIb3yeM OCTAaTOUHBIN WiieH B ¢hopme JlarpaHka U IoJlydaeM OLICHKY

Sk, (X) = O(x = X ).

YauTeiBas 3TOT (PaKT U MpemIokeHHe 6, TOICTAaHOBKOM yoexxaaeMcst, 9To GYyHKIINS (72) yaIOBIETBOPSI -
et ycnoBusaMm 3agaun Ko (33). Orcioma moirygaem rpencrasiieHue (34).

IIpennoxenne 2 moka3aHo.
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HpI/I6JII/DKeHI/IC CHHYCa, 3aJaHHOTIO C TIOMEXaMM1

1.0 L.5 2.0 2.5 3.0

®ur. 1. CpaBHeHUe MTOBeIEHUST Klaccuueckoro Metona Pypbe 1 HOBOIO METO/IA [JTs1 HENIAAKKUX HadyaIbHbIX YCJIOBUIA: [ —
TOYHOE PeLleHUE Ul Ha4yalbHbIX YCIOBUI 6€3 1iyMa, 2 — Ul Ha4albHBIX YCJIOBUM C LIYMOM, 3 — C IIOMOLUBIO A,(f, X)
UTSI CUTHAJIOB C IIIyMOM, 4 — MeTo, Pypbe CUTHAJIOB € IIyMOM, 5 — ¢ TIoMoLIbio L, (f, x) VISl CATHAJIOB C LIIyMOM.

4. PESYJIBTAT YUCIIEHHOI'O S5KCITEPUMEHTA

H3BectHO (cM., HatpuMep, [47—49]), uto pssabl Dypbe HePepHIBHBIX (DYHKITUIT MOTYT PACXOIUTHCS
Ha JOBOJILHO IIPEACTaBUTEILHOM MHOXeCTBe. B cirydae, koraa HerpepblBHbIC HaYaIbHBIE YCIIOBUS MU
HEOTHOPOTHOCTh YPaBHEHUS CMEITAHHOM KpaeBoi 3agau He JOIMYCKAIOT MPEICTaBICHUS CBOUMU PSI-
namu Oypbe, MpUMeHeHe METOIOB pa3ne/ieH!s ITepeMEHHBIX HEBO3MOXKHO B TIPUHIIUIIE.

st peanv3aliiy YMCASHHOTO 3KCIEPUMEHTA UCTIOIb3yeM KJIaCCUUECKUI TpUMeEp PacXoIsiierocs
B Touke psga Dypbe, IIOCTPOCHHBINM METOIOM CKOJIL3SIIEeTro ropba B BUAC JIaKyHapHOro psima. Takoii
psa obamaeT CBOMCTBOM, UTO KaxKA0€ €ro cllaraeMoe UMeeT rapMOHUKY psiga @ypbe, MPUHUMAOLIYIO
3HaYEHME B TOYKE PACXOAUMOCTHU PaCTylliee BMECTE C HOMEPOM rapMOHMKHU. B TO BpeMsi Kak ocTajibHbIe
rapMOHMKM C MEHBIIMMU 1 OOJILIIMMU HOMEpPAaMHM OCTAalOTCS orpaHMYeHHbIMU. Ha ¢ur. 1 mpogemoH-
CTPHPOBaHA BO3MOXKHOCTh MPEIIaraéMoro MeToJa CIpaBJISITbCS C OTCYTCTBUEM INIAAKOCTU B Hayallb-
HBIX YCJIOBUSIX, UCKJIIOYAIOIIMX BO3MOXHOCTb IPUMEHEHUSI Kilaccuuyeckoro Metoaa ®ypbe B MPUHIIM-
ne. HaganbHble yenoBus nipu ¢ = () B IpUMepe YMCISHHOIO 9KcnepuMeHTa (ux rpaduk Ha ¢ur. 1 1306-
pakeH IIyHKTUPOM) II0100paHbl B BUIEe ONKUCAHHOI paHee rapMOHMKM MeTOoa CKOIb3s1ero ropoa. Ha
¢ur. 1 BUIHO, YTO COOTBETCTBYIOIIME YACTUUHbIE CYMMBI pEllIeHUI BeAyT ce0s1 mo pasHomy. I'pacduk
npubakenus: pu # = 200, m = 300 peureHus nOpu f =1 ¢ TOMOIIbIO KJacCUuuyecKux cyMm Dypbe
n300paxkeH CHHAM 1IBETOM, a rpapuK YaCTUIHOM CYMMBI TOTO Ke Iopsiaka petneHus (31), moryaeHHO-
IO C TOMOIIIBIO 3HAYEHU I orepaTopoB (28), — KpacHbIM. [ToaTOMY Ipu peann3alu MeToaa CKOJIb3SI-
1mero rop0a B IIpeaeie MoIydYruM HeOTpaHMYEHHO Pa3oIIeAIINICS PSI KJIAaCCUYECKOIO PEIICHUS U TOY-
Hoe 00001meHHoe pemeHue (31) mIs HemTagkuxX HadyaIbHBIX YCIOBUIL B BUIe (ppaKTaa.
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