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1 Bsaegenue u mocTaHOBKa 3ada4u

Mauuas paboTa MOCBANEHA 0000IIEHUIO PE3YIbTATOB cTaThu [7]. Hamu GyaeT ycTaHOBIEHO TOTOYEY-
HOe majeHue riankocTn BHemHen Gyukunun O, (OmpenereHne CM. B KOHIIE BBEJEHWA) B CDABHEHUN C
DA IKOCTBIO €6 MOAYJIs ¢ s caydas yeaosun Buga |p(t) —o(x) —b(t —z)| < Cw(|t —z|). ocregune
P TPABUIHLHOM BBIOOpPE MaXKOPAHTHI W COOTBETCTBYIOT IMTATKOCTH (PYHKIWHU (O MOPATKA Mexry 1
u 2.

[ns aucnoBeIX (PYHKOUU f ¥ ¢, 33JaHHLIX HA OJHOM M TOM K€ MHOXKECTBE, YCIOBUMCA MHUCATH
[ < g,ecn f(x) < Cg(x) npu Beex x ¢ mocrosuuou C', He 3apucsmen or z. Eciu ke f Sgug < f,
TO Oyaem mucath f < g.

[Ipu onucanwmm ycroBuu Ha TIATKOCTh MBI Oyaem mnpugepxkuBaThbesa moaxona Creukwna. [Ipuse-
JeM, ¢ HeOOMBIIION MONPABKOH, CleayIolIee onpeeneHre, KOTopoe MoxHO Hantu B [1, 201-202].

Onpeneneune 1.1. Haszosem maxkopanTon Tuma k-ro MOAY.JIS HENPEPHIBHOCTU HEIPEPLIBHYIO HEO-
TpUnaTeTpHyo HeyObBaomyo Gyaknmo w Ha [0, +00), a8 kotopoit w(0) = 0 u dyrxmas ¢~ Fw(t)
ABJIAETCA TMOYTHU YOBIBAIOIIEH, T.€. I BCAKUX 3HAYeHUN {1 < to BHINOJHEHO HEPABEHCTBO

w(ts) _ w(t)
th ~ gk

(QD)

C HEKOTOPOU YHUBEPCATHLHOU MOCTOAHHOMN.

Ha Bce paccmaTpuBaeMble MaXXOPAHTHL (& HHTEPECYIOT HAC TOIBKO MaXKOPAHTHI TUNA 2-I'0 MOy
HEIPEPHIBHOCTY) HAJOXKUM TOTNOJHATEILHOE ONPAHUYEHNe, KOTOPOe MOMOXKET HAM OTAeMUTh YCJIOBUs
Ha TIAIKOCTh MEHbINe 1, OT YCIOBUU HA TMIATKOCTH TMOpATka Mexay 1 m 2. [laa MaXOpaHTHI THIA
2-T0 MOZYJI HEMPEPLIBHOCTH W 3TO YCJOBUE WMeEET BUI:

w(t) _ w(tz)
ty oty

ty < to, (QI)

T.e. Gynkuua ¢ 'w(t) mouTm Bo3pacTaeT. JIErko 3aMETHTB, YTO CTEMEHHBIE MAKOPAHTH w(t) < t*
npu 1 < a < 2 zaBegomo ygosaersopsior yeaosuaMm (QD) u (QI). Takwe makopanThl OygeM, Kis
KPATKOCTH, B JATLHEHUIIEM HA3BIBATEH MPOCTO NP AGULL HbIMU.
dukcupyeM TOUKy x € [—m,w]. PaccmorpuMm QyHKIMIO [ Ha OKPYXKHOCTH (27T—I€PUOIAIECKYIO
ua R). B mansou pabore, Kak u B [7], pACCMATPUBAIOTCA 2 TUIA OTOYCYHBIX YCJIOBUH HA [VIATKOCTh:
(I) HepBeiit THD TOAPA3yMeBaeT HAXWYIHME NI DYHKIUN f OUEHKH

[f(y) = [(2) = balz = y)| S wallz = yl), (5C)

0 BCEM TOYKaM ¥, mas KOTOpwiX |z — y| < 4w, rae b, HeKOTOpas MOCTOAHHAA, & W, NPABUIbHAA
MaXKOpaHTA.

(IT) Bropou Tum — ycJI0oBUe Ha YCPeIHEHHbIE BTOPHIe pasHOCTH QyHKIME f. B HAmmx 0603Ha-
YEeHUAX 3allulieM ero Tak:

1/r
1 /

h r
5 | I8 ord)  Sede =), (DC)

nas Becex h < 41 mpu HEKOTOpOM 1 > 1, a MaxKOpaHTa W, He 0043aTelbHO TPaBUIbHASA, HO TOYHO
TUTA 2-TO MOTYJIA HEPEPBIBHOCTH.

B namuOU paboTe MBI OrPAHTIUMCA JUIIL BHEITHAMA GYHKIUAME. PaccMOTpUM 27—IIePHUO THIeCKY O
HEOTPUIATEIbHY0 (YHKINIO ¢, 11 KoTopou log p € LP(T). O6os3unatum depes O, BHEMHIO© QYHK-
MO, HOCTPOEHHYIO IO (0, ¢ PPAaHUIHBIMY 3HaYeHuAME, pasHbiME @ exp(H (log ¢)), rae H — omneparop
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FapPMOHUYECKOTO COTNPAKEHUA. B OCHOBHOU ¢TaThe [7] OBLT TOMIYYIEH CACTYIONMI Pe3yIbTaT IId CTe-
nenHbrx MaxopanT: ycaosue (SC) Ha (YHKIHUIO 0 B OTHOM TOYKEe T ¢ MaxKOpaHTOW w.(t) < t% rie
« € [1,2], rapantupyer ana saemnen dpyuknuun O, ouenky (DC) B TOU ke TOUKe T ¢ MaXKOPAHTOM
w2 (t) = Ct°P/(P+) mpuaem ma 3HAveHme MocTOAHHON C' OKA3LIBAIOT BIMAHEE TOTBKO Wl 1 || log o||7s.

VIMEHHO BTOT pe3yJbTAT MBI U ILIAHUPYeM OGOGUIMTE HA CIyYail IPOU3BOIBHON MPABUIBHOU Ma-
KOPAHTHL.

2 Cuay4dau riiagkKoCcTH He 60oJblle 2, C IPOU3BOJLHOU MaXKo-
padToOn THUIA 2-I'0 MOAYJA HEIIPEPLIBHOCTH

[ycrs gama 27—mepuoaudeckas HeOTpUIATEIbHAA (YHKIUA @, 1ias koropou loge € LP(T). Ilycrs
O, — BHemHAA QYyHKINA, TOCTPOEHHAA 10 ¢. VMeeT MecTo cregyomas Teopema.

Teopema 1. Ecau dynruus ¢ ydosaemeopsem 6 mouke x ycaosuto (SC) ¢ npasuabroti maxrcopan-
moti Wy, Mo Mo2da 8epHbl CACIYVUWUE IBaA YMBEEPHCIEHUA.

1. Ecau ¢(0) = 0, mo gynryus O, ydosaemsopaem ycaosuio (DC) ¢ maxrcopanmot, nponopyuo-
HAAbHOT Wy, NPUNEM KOIPHUUUEHN NPONOPUUOHAALHOCTNY 30€CH 3ABUCUM OM Wy (0M NOCMO-
annvir uz yeaosut (QD) u (QI)) u om || log || Le.

2. Ecau ¢(0) > 0, mo gynryus O, ydosaemsopaem ycaosuro (DC) ¢ maxrcopanmot, nponopyuo-
naavnoti Wy (+) + we((+)?), 2de B = p/(p + 1), npu smom KosdPuyuenm nponopyuoHaLHOCTU
3decv 3asucum om w, (om nocmoannbiz uz yeaosutd (QD) u (QI)) u om ||log ¢l L»-

Jamevanue 2.1. CremyeT OTMETUTD, ITO €CAN MAXKOPAHTA W, MO YCIOBUIO, 00A3aHA OBITH MPABUIL-
HOM, T.e. COOTBETCTBOBATH IVIATKOCTH MEKTY 1 2, TO PesyIbTUPYIOMAS MaxKOpanTa wy(-) +w,((+)?)
MOXKET MepecTaTh ObITh TaKOBOU. Takon ke sdpdexT HabMonaACA U B [7] I1A CTEIeHHBIX MaKOPAHT.

2.1 BoccrasoBaeHnu “rio6anpbHon” IJIaJKOCTHU M3 NOTOYEYHBIX OINEHOK

tuna (DC)

OO6wmi MPUHIKI B TaHHM KPyTe 3a1a4 TJIACAT, YTO eI uHTerpaibible yeaosus Bpome (DC) Bbimod-
HEHBI PABHOMEPHO BO BCEX TOYKAX T, TO COOTBETCTBYIOMAA (DYHKINSA Oy 1T IJIaIKON B KIACCUIECKOM
CMBICTe DTOr0 caoBa. O6CYIUM TO, KaK 5TO YTBEDKACHUE MPOABIACTCA B HAIleW cuTyanuu. [las cay-
qasg CTENeHHBIX MaKOPAHT HEOOXOAUMBIE TIOCTPOEHUS ObLIM MPUBEAEHLL B [7, cTp. 59-64]. Mu xe B
TAHHOU PaboOTe aTaAnTUPYeM UX A TPOU3BOJBHLIX MPABUIBLHBIX MAYKOPAHT.

Kaxk 66110 yroMsauyTo B 3amedanun 2.1, MaxKopaHTa, KOTOPas MOABIAETCA B OMEHKAX /IS CPEITHUX
BTOpPHIX pasHocTen pysknun O, B Teopeme 16 He 06a3aTeTbHO OyIeT TPABUIBHOM, T.e. OHA BIOJHE
MOMXKeT COOTBETCTBOBATH IMAJKOCTH He GoJbIre 1, a He Mexay 1 m 2. OTOT caydad MBI OOCYIUM
IyTh MO3XKe. A MOKa MPeIImoIoKUM, ITO MAXKOPAHTA TPABUILHASI.

Nrak, paccMOTpuM 27—HepUOAUIECKYI0 U3MEPUMYIO (DYHKIUIO ¢, MIS KOTOPOU MPEIMOJ0KIM
BeinoHeHHBIM yeaoBue (DC) Bo Beex Toukax x, x| < 47, ¢ oqHOU 1 TOM XKe MOCTOAHHOU, O THOU U TOK
e MPaBUIBLHOM MaxKopaHTon w u r > 1. IIpuBexem ananor npemgtoxkenus 3 u3 [7] (1oka3aTenscTBO
OyAeT OTAMYATHCSA UMb HECKOJBKIMU MOMPABKAMH).

Yreepxkaenue 1. Ilycmb g makas sce, Kax u eviwe. Jonoanumensno npednosoxcum, wmo g € C2.
Tozda das kaxcdoeo ompesra |I|, |I| < 27, natidemea makxot aunednvid noaurom pr, wmo

sup l9(2) — pr(x)| S w(T1).



Proof. U3 ycaosus (DC) ¢ 06bABIEHHBIME BBIIIEe TAPAMETPAMU HEMEIJICHHO CIeTyeT

1
_/ A%g(a, )] dt < w(h), 0<h<dn.
h Jhja<iti<n

Kpowme Toro, BepHo cooTHOIIEHNE

AZg(z, 1) :/Ot/otg”(x+a+7') do dr. (1)

U3 ¢popmyasr 1 BTOPOU PA3HOCTH MOJYIUM
g(x) = A’g(z,0+7) + (29(x + 0 +7) — g(z + 20 + 27)).
[IpouHTerpUpyeM JaHHOE PABEHCTBO 1O 0 1 7 oT 0 10 t u mogeauM Ha t2:
1 t t
o) =0+ [ [ Ny dodr 2
o Jo
rie

w(x,t):t%/o /0[2g(x+a+7')—g(x+2a+27')] do dr.

Hanee, ycpenuum (2) mo t:

g(x) = op(z) + - / / / A’g(z,0 +7) do dr dt,
hj2<tj<h t*

1
on(w) = 7 / )

Ounenum BTOpOE craraemoe cupaBa. OHO pa3OWBaeTCA Ha JIBa MHTErDAIA, IO MOJOKUTEILHBIM U
OTPHIATEILHBIM ¢, KOTOPBIE OLEHHBAIOTCA aHAJIOIMYHO. [losTOMY mpuBeieM TOIBKO OLHY OLEHKY,
nanpumep urrerpata [y (z) mo h/2 <t < h. Umeem

ho ph
1 (2)] S / (/ / |A2%g(z,0 +7)| do dT) dt <
h3 n/2<iti<h \Jo Jo

Nh?//\AZ xa—l—T\dadT—// |A2g(z,u)| du dT =
2h
— ﬁ[/ / |A2g(x,u)| do du+/ / |A2g(x,u)| do du] S w(h).
0 0 h u—h

[Tocrenuioro onenky obecnednsaer (DC). Takum ob6pazom

l9(z) = en(@)| S w(h). (3)

OuennM Tenepb BTOPYIO NPOU3BOAHYIO 0 x (yHKumu @p(x). IIpex e Beero,

rie

2

a ]' ! ! " "
@w(x,t)—ﬁ/o /O(Qg (x40 +7) — g'(x + 20 +27)) do dr =

2 4



B cuny (1). HosTomy
82

1
<y [
h/2<t|<h
(h)

1 1/ 1
S == A?g(x,t)| dt + —/ A?g(z, 2t dt) <
h? <h h/2s\t|Sh| (@) h h/2s\t|3h| (@, 2t) h?

[Mocaexuioo onenky onars obecnednBaer (DC).
PaceMoTpuM oTpesok [, ero meHTp o, u nycts h = |I|/2. [lag touku x € [ umeem

on(a) = oulao) + gen)a =)+ 5 [ i@ du

Bosbsmem ]
p1(z) = on(wo) + 5%(%)(:6 — ).

Torga

[on(x) = pi(2)] S =7~ (x —20)” S w(h).
U

13 aHHOTO YTBEPKAEHUA CTAHJAPTHBIM METOIO0M (IOCTATOYHO PACCMOTPETH CBEPTKU C AMPAME
Denepa, nogpobuee [7, cTp. 61]) MOXKeM MOTYIUTH HEPABEHCTBO

[A%g(2,1)] S w(h)

npu Beex = u |t| < /2, 6e3 anpuoOpHBIX NpeanoIokeHun o raagkoctun Gyukmun g. [locregnee o3ua-
qaeT MPUHALIEKHOCTH ¢ Kaaccy Lip,. Ormerum, aro mis w(t) = ¢ MBI moTydaeM KJIacC SUTMYHJA,
a "e Lip;.

Jamevanue 2.2. YrBepxkaeHnue 1, a 3HAIUT W PACCYXKIAEHUE MOCIE HETO, BEPHO M I KOMILIEKCHO-
3HAYHBIX (DYHKUUH ¢ (HAOMHEM, 9TO Mbl u3MepsgeM DiaikocTh QyHkmun O,). JleHcTBUTEIbHO,
ectn Gyaxkmusa g yposaersopser (DC), To sTomy xke ycroBuio GyayT yaoBaeTBopaTh Reg m Img,
Tak kKak |[A?Reg(t,z)| < |A%g(t,z)| m |A? Im g(t, z)| < |A?g(t, z)|. Ecm p}(z) = a} + ajxr — wmmO-
rouwren 3 yrBepxkaenuns 1 gia Reg, a p?(x) = af + alx — ana Img, 10 AOCTATOYHO MOJOKHUTH
pr(z) = (a} +1ad) + (a} + iad)x u yrBepxk nerme 1 GyIeT BEPHBIM A ¢, BBULY OUEBUIHOTO HEPABEH-
CTBa
l9(x) — pr(@)] < [Reg(x) — pp(x)| + [Im g(x) — pF(z)]-

Ecmu xe maxkopanra B (DC) okasanach HENpaBUIBLHOW, TO MBI HA CAMOM JEJ€ UMEEM IeJ0 C
YCJIOBHEM Ha DMIATKOCTb Hopsgka Menbine 1. CrangapTHeIM MeToL0M (M. npepnoxenue 1 u 2 [7]) Mbr
moxkeMm cectr (DC) K omeHKaM CpeIHUX OCHULIALNN U3 [4], 118 KOTOPBIX MPOLEIypa BOCCTAHOBICHU
IJIaIKOCTHU CTaHAApTHA (OMUCaHA Kak B [7], Tak u B [4]; 1 npuMmepa mpegraraeM 03HAKOMUTCA ¢ [6])
dakTudecku B >ToM caydae Mel umeeM |g(z) — g(y)| < w(|x — yl).

2.2 BcnomorarenbHble pe3yJbTaThbl

Hamre goxazaTenbcTBO BO MHOTOM OyI€T MOBTOPATH 0KA3aTEIbCTBO COOTBETCTBYIOIIETO PE3y.IbTaTa

u3 [7]. OxHako, BBUIY €ro CIOKHOCTHU, HAM IIPUAETCA IPUBECTH er0 B IIPAKTUIECKU TIOJHOM 00heMe,

OIyCKas JUIIb HEKOTOPbIE MOMEHTHI. '1eM He MeHee, BCIOMOTaTeJbHBbIE Pe3y.IbTAThl MBI MOXKEM

npuBecTu 6e3 T0Ka3aTeIbCTB.

[IycTs dyHKIIIA © TaKas xKe, Kak 1 B GOPMYIUPOBKE TeOpeMBbl. PaccMOTpuM BHEITHIO (QYHKIIAIO
OCTPOEHHYIO 10 (. Be3 orpanwvenus obmHOCTH, OyIeM CIATATH, 9TO TOYKA, B KOTOPOU MBI

O
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u3MepsAeM IaIKOCTh, ecTh Touka & = (. T.e. cumraem, 4TO 3amaHa MaxKopaHTa 2-0T'0 MOIY.JIA
HEMTPEPBIBHOCTH W TaKad, ITO

o) — ©(0) — bt| < w([t]). (4)
HomonHurebHO, OyeM CYuTaTh, 9TO BHIMOIHEHO yeaoBue (QI), T.e. MaxopaHTa w COOTBETCTBYET

rraakoctu oT 1 1o 2. Takxe OyaeT MOE3HO BHIAEIUTH CJACAYIONIYIO OIEHKY, KOTOpasd, pa3yMeeTcs,
ABJACTCA OUEBUIHBIM CJIEICTBUEM YCIOBUA (4):

|o(t) = (0)] < [b][t] + w(]t]). (5)
Bce BemoMoraTeIbHbIC YTBePXKIeHUA, TPUBOIUMBIC 31eCh, OBLIN JOKA3AHBI B OJHOMMEHHOW TaCTH
crareu [7]. Tem He MeHee, YTOOLI CPOPMYIUPOBATL UX B yAOOHOU (HOPME, HAM MOHAJOOUTCA HAJIO-
KATH OFPAHUYEHUA, KOTOPbIE MOIYT OBITH ONMpPABAAHEl TOJIBKO MOCIE MOJTHOU (POPMYTUPOBKH YIIOMA-
HYTHIX BHIIIE YTBEPXKICHUA. [102TOMY MBI IIOCTYIUM CIEAVIOIUM OOpA30M: CHAYada YIOMAHEM pe-
3yJABTATHI [7], TO3BOAAIONINE HATOKATE TOMOJHATEIBHBIE OTPAHUTIEHUSA, & 3ATEM I IUM yIPOIIEHHBIE
dOPMYIUPOBKHU, KOTOPBIE HAM MOHAI00ATCA B ganabHenmeM. Urak, caexcrsus 1 u 2 crarsu [7, 65-
66] mo3BoIAIOT yTBEpKAATH, 4TO 3HadeHue ¢(0), nocroaHHas |b| u cama QYHKUUA @, PABHOMEPHO
OTPAHUYEHBI CBEPXY 3HAYEHHEM, KOTOPOE€ 3aBUCAT TOALKO OT |[logyl/z» u w. IlosTomy cumraewm,
aro ¢(0) < 1. [JomorHUTeaBHO TpeamoaoKuM, 9To w(2m) > ¢(0). IlocaegHee mO3BOIUT YKOPOTUTH
(hOPMYIUPOBKH MPUBOIMMBIX BCIOMOTATeIbHBIX Pe3yIbTaTOB.

[Ipex e 1eM OKOHIATEILHO UX CHOPMYIUPOBATEL, PACCMOTPUM NOUMYU 06paAMHY0 K QYHKIIT W
dyukumio W, 3agannyio no dopmyre w(s) = inf{t: w(t) = s}. Bsemem BaxHYyIO TOCTOAHHYIO —
noporosoe 3Hadenne A. Cumraem, uro A =< w(p(0)/2), ¢ TOCTOAHHON CUIbHO MeHbIIe 1 (Hampumep,
2071). CaegyeT yTOUHMTB, YTO BCAKMM pa3, KOrjga MBI OyaeMm nucaTh Humxe |t| < A, To, mo xpaitaei
mepe, 16]t] < A. B nerom, Mer momaraem, 9to 3Hadenne A [oCTATOMHO MAIO, YTOOBI YIOBIETBOPUTH
BCceM HammM Hyx)jgaM. OTMeTHM Takike, 9TO Hall BLIOOP MOCTOAHHON A MO3BOAAET TOMOJHUTEIHHO
yTBepK 1aTh, 94T0 ¢(0) < w(A). 3amerum, 9TO TONOTHUTEILHON HOPMUPOBKOU MBI MOXKEM J0OUTHCA
Toro, ¥ro A < 1 (mampumep, pazgerus Ha w(27)). Tak u GygeMm cIuTATS.

Tenepb cHOPMYIUPYEM BCIOMOTATEIBHBIE PE3YJIbTATH CTATHU [7| B HAIINX 0GO3HAYEHUAX.

Jlemma 1. Ecau das wexomopozo v > 0 dyukyus t — w(t)/tY noumu ybvieaem, mo Pynryua
s — s/WY(s) moace noumu ybvisaem.

Jlemma 2. ITycmwv ¢(0) > 0. Tozda |b] < ¢(0)/A Sw(A)/A.
Jlemma 3. ITycmov ¢(0) > 0. Ecau |t| < A, mo p(t) > ¢(0)/2.

JleMMma 3 MO3BOJIAET HAM HMCIOIB30BATH HA MAJIBIX 3Ha4YeHU t, T.e. |t| < A, omenky

t) — (0 bl|t t
lo(t) — £ (O)]  Jellt] +w(|t). (6)
v (0) »(0)
JOMOIHUTEIBHO, HAM TIOHA T0OOUTCSA CAEAYIONIee IPOCTOE YTBEPXK IeHIe O BTOPBIX PA3HOCTAX, KOTOPOe
TaKkke MOXKeT OBITh HAWAEHO B [7].

[log p(t) — log p(0)| <

Jlemma 4. IIycmv gynxyus G npunadasexcum xaaccy C? na R. Iycmv danvt mouru xg, x1,To € R.
Ob6osnauum 0y = x4 — To, 0y = (2 — x1) — (1 — ®o). Honyemum, wmo |G'| < v, |G"| < p na
MUHUMAADHOM OMPE3KE, COOEPHCAULEM MOUKY To, T1,To. 10200 umeem mecmo ouernka

|G(22) — 2G (1) + G(zo)| < v(|61]* + [62])” + p]ba.

3aBepIIMM MOATOTOBKY CJAEAYIOMINM MPOCTHIM YTBEpPXK IeHHEeM O MePBOM MPUOIMKEHUN AIPa OIe-
paropa H.

Jlemma 5. ITycmo daw npomexcymox I C [—m,w]. U nyemv t € I, a s ¢ 21. Tozda

oe(57) -en(5)] <4



2.3 OueHKHu CpeJHMX Pa3HOCTEHn

CoxpauM 0603HAYEHNA ¥ KOHCTPYKIWIO MPEIBIAYIIEH 9acTu paboTH. [lomomHuTeIsH0, 0603HATAM
qepes ¢ = Hlogp, u(-) = log p(-) —log ¢(0). Kpome Toro, ormernm, 9T0 HepaBeHCTBO (5) MO3BO/IAET
HaM paccmaTpuBaTh ¢(0), TaK KaK W3 JAHHOTO COOTHOIIEHUS ClienyeT, 9To sHadenue ¢)(0) BmoxHe
OIPEJIeJIeHO, T.€. COOTBETCTBYIOUIMI HHTErPAT B CMBICIE TVIABHOIO 3HadeHus cymecTyer (11 ¢(0) >
0) Ecim xe ¢(0) = 0, To npocTo npunuieM Kakoe-HuoOyab 3uadenue ¢)(0), koropoe He OygeT BIUATH
Ha BBIMUCJACHUA HUKOMM 00Pa3oM, Kak OyJeT BHIHO HUXKE.

NTak, HaM HEOOXOAUMO OLEHUTH CICAYIONIee 3HATCHIE

1/r
5, (0.h) = (;h / A2(pe )(o,m’"dt) .

Paccvorpum moapobHee MOABIHTErPAIbLHYIO (PYHKINIO. 3aMEeTHM, ITO
A%(pe)(0,1) = A2p(0,1)e®) +2A1p(0, 1) AL () (0, 1) 4+ p(0) A% (e™)(0, 1) =: Sy () + Sa(t) + Ss(t).
Orcioga momydaeM

3

1/r
06, (0,h) Z(%/ )|dt> =:d; + dy + d.

j=1
OueHuM KaxkI0€ CIaraeMoe M0 OTAeTbHOCTH.
Jlemma 6. [51(1)| S w([t]).
Proof. Paccmorpum v = ¢(0) + bt. 3amernm, aro A?v = 0 u v(0) = p(0). Orcroga norydaem
S1()] = [A%(0,1)] = [A%( — v)(0,1)]
= [(p =) (2t) = 2(¢ =) () = (¢ = V)(0)] = [(¢ — v)(2t) — 2(¥ — v)(?)

< Jp(2t) = b2t — p(0)] + 2[ep(t) — bt — p(0)] < w(2[¢]) + 2w([1]).

Ormernm, uro yeaosue (QD) maer w(2[t]) < w(|t]). locaennee BMecTe ¢ MOy IEHHOU BBILIE OLEHKOM,
3aBepIIaeT JOKA3aTeIbCTBO. U

3ameTuM, 4T0 U3 AeMMbI 6 caenyer, 9To di S w(h). Tlepeigem K 0CTABIIMMCA ClIAraeMbIM.
Jemma 7. (a) |Sy(t)| < 4([bl[t] +w([2]))
(b) Ecau ¢(0) >0 uh <A, mo

p(0)h*  p(0)h*log(L/h)  ©(0)h?
Az Tk ey
A5 A

npuueMm NOCMOAHKAA 6 OyeHKe 3a6ucum moabko om w u ||logylly, .
Proof. B mepsyio oaepens ormermm, ato |[Al(e™)(0,t)| < 2. C apyroit cropomsr, onenka (5) 1aer
[AY(0,8)] < [bl[t] + w(|]). (7)

O6e 5Tu OLIEHKN BMeCTe JOKA3BIBAIOT MYHKT ().



[lepernem Temeps Kk mokazareabcTBy myekTa (b). Urak, camraem, aro ¢(0) > 0 u h < A.
Bocnoas3zoBaBmmces Bce TOM ke OUeHKOH (7), morydaem

L/r 1/r
1 h o
r < wp(2t) zw(t) )
dy = (Qh/ |52()|dt> < 2u(h )+2|b\h<2h/ e |dt>

Teneppr HEOO6XOAMMO OIEHUTH 3HAYEHUE COOTBETCTBYIOUIETO CPEIHEr0 B (DOPMYJe BHIIIE TOMKHBIM
obpaszom. PaccMoTpuM cTaHZapTHYIO KOHCTAHTY NPUOIMKEHUA

c:= 1/27r/ ctg(—s/2)u(s)ds
[_7T77T}\[_4h’4h}

3aMeTum, ITo

1 h 1/r 1 h 1/r 1
_ Z1/}(2t) _ Z@Z)(t) rdt < _/ Z@Z)(Zi) _ ic rdt Z’QZ) ic rdt
<2h /_h\e e\ ) < (2h _h|e e’ + o |e —e"|

O6a craraeMbIX OIEHUBAIOTCA OJHAM M TEM XK€ CIIOCOO0M, TIODTOMY MBI OCTAHOBUMC JIUIIIHL Ha OIEHKE
nocaegHero. [laa KpaTkocTu 0603HAYUM ero kdepes dy. a1 OolleHKW BeJUYIUHBI d4 TPUMEHUM CTaH-

mapTHOe paszbuenue. Nmeem
1 h 1/r
i< g [ O ds )+
2h J_,,
!

L L 5 e ) )

5 /2jh§s|§2f+1h
rje, craniaprHo, | < log,(1/h).

Jlsi OLEHKY IEPBOrO CIArAeMOr0, BOCIOIB3YeMCA ONPAHMYEHHOCTHIO omeparopa H B L) mia
BTOPOT'0 — HCIOAB3yeM JeMMy 5. VTak, MOKeM IPOLOIKATE OLEHKY CIeIYIOMNM 00pa3soM

1/r

1 Ah 1/r l
S| = u(s)|"ds +h 2jh_2/ u(s)|ds.
(% /) ) IR LG

I[lepBoe craraemoe MbI MOXKeM OneHuTDH cBepxy Bemmaurou(p(0))~L(|blh + w(h)), Tak Kak Ha Tpo-
MexyTKe [—4h, 4h] paGoTaeT ouenka (6), a mis Max)kopaHTH w BeimoaHeHo (QD) (daxrutdeckn >To
yCIOBHE 00ecreduBaeT CTaHIapTHOe ycioBue yaBoeHus). C OCTABIIEWCSA CYMMOW MOCTYIIMM CTAH-
TapTHBIM 00Pa30M, a UMEHHO, PAa300beM ee Ha ABE TaCTU: Te CAaraemMble, B KOTOPBIX TPOMEKYTKH
He mocTurau nopora A, m ocraBumecs. [l OIEHKM MEPBOYM YACTH UCIOAb3YyeM (6); 9TOOBI OLEHATD
BTOpPYIO, Ucnoab3yeM HepaBeHCTBO |u(s)| < [logp(s)| + |log¢(0)| u mepaBencTso I'éabaepa. Takmm
oOpa3oM, nMeeM

Lo hrwm) Z’“:|b\2jh+w(2fh)+
LY p(0) 27h

l l
o ptl lo 0
w3 @ ogeln + Y BN gy,

j=k+1 j=k+1

rjie TIOPOTOBBIN MHIEKC k 3a1an cooTHOmenumeM 2Fh = A.



YT00BI 3aBePIINTH TOKA3ATEIbCTBO, MOCTPOUM IpaBumiIbHbe ouenkn mia |b|hT};, j =1,..,4. Ha-
auneM ¢ T;. Coramacuo qmemme 2, |b]/¢(0) < 1/A. Orcrioga monygaem 77 S h/A + w(h)/p(0), a 3Ha4nT

p(0)h*

|b|pTy S

B nocaennen ouneHke MbI MOXeM I'py0bO OLEHUTH BTOpoe ciaraemoe depes w(h), Tak kak h < A.
[lepenmeMm k omenke BeanauHbl 15. Vmeem

h W(27h) B | Al b o w(2R)
%2 s (L ) < hoglee |+ o 2 ey S

_ hlog(1/h)  h Z%w(h) _ hlog(1/h) . wEh) S

~ 2
R (P R P
< hlog(1/h) N w(h)Qk _ hlog(1/h) N w(h)A.
A ©(0) A p(0)h
Orciona mas |b|h T, morydaeM OUEHKY
p(0)h?log(1/h)
|b|h Ty < yE + w(h).
Pacemorpuym Ts. Cornacuo mocrpoenmio, A < 28h. Tlosromy mveem
DA = o pbL 0)h?
pinzs < P S (@5 g el < D
A p j=k+1 A p A

[TpucTynum k onenke nocaemgaero caaraemoro 1y. IlpoBegem Te xke paccyxmenus, 9To u a1 13.
Mveem Ty < hllogp(0)]/A. Orcroga [b|hT, < h?¢(0)]log ¢(0)|/A?. Hamomumm, aro ¢(0) < w(A).

Y ~Y

Beuay Toro, uto t*w(t) mourn yObiBaeT, Mbl MOXKeM yTBepxkaaTh, 1To log(1/¢(0)) < log(1/A).
[Tosromy Mer Moxkem oneHuTh |log ¢(0)| wepes log(1/h). OTcioga, OKOHIATEIBHO, UMEEM

(0)h?log(1/h)

¥
|b‘h’T4 5 A2

CoGpaB BCe pe3yabTaThl BOEANHO, MOLYIAeM TPEOYEMYIO OIEHKY. O
Jlemma 8. (a) |S;5(t)| < 4p(0);
(b) Ecau ¢(0) >0 uh S A, mo

p(0)h? | w?(h) | (0)h*log(1/h)

< 2
ds Sh”+w(h)+ 5 T 0) + 5 +
©(0)h?log?(1/h ©(0)h?  p(0)h?
(0) 02g (1/h) (1+1 (Qp)+1a

npuuem NOCMOAHKAA 6 OUeHKe 3a6ucum moabko om w u ||logylr, .
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Proof. TlyskT (a) ZaHHOW JIeMMBI TPUBHMAJIEH, TIOITOMY HepexoauM cpady K myHkry (b). Wrak, cuu-
Ttaem, 910 ©(0) > 0 u h < A. Heob6xoaumMo OueHnTSH CIeAyoliee 3HAYeHNe:

h 1/r
dz = ¢(0) (% /_h |A2(6i¢)(0at)|rdt> :

Bocnoabayemcsa aemmoit 4 1ia G(x) = . Umeem
[A%(e™)(0,8)] < (JAM(0, )] + [A%)(0,1)])* + [A%(0, 1)].

Bropyioo pasHoCcTb B CKOOKaX MOXKHO OIEHUTH Yepe3 MepPBYI0, TPUMEHUB TPUBUAJBHOE TOXKIECTBO

»(2t) = 2¢(t) + ¢(0) = (4(2t) — ¥(0)) — 2(¥(#)¢(0)). Tosromy mueenm
[A%(e™)(0,8)] < [AM(0, )2 + [AT)(0,20)[* + |A%)(0, 1))

Kax u B mpeabiayimen JemMme, mepBoe U BTOPOe CIaraeMoe ONEeHUBATCI OTUHAKOBBIM 00pPa3oM, Mo-
2TOMY 6y,a;eM MMPOBOAUTH BBIYUCICHUA TOJBKO 4 IMIEPBOTO U TPEThEro ClaraeMoro B COOTHOIIICHUU
Beime. OGO3HAYMM UX CPeIHUe 10 POMEKYTKY [—h, h] depes ds u dg cOOTBETCTBEHHO.

[Ipuctynum K onenke cpenuero ds. Hamomuum, 910 MBI o6o3uadmin v = log ¢ — log ¢(0). Paso-
ObeM % Ha JIBe TaCTH U = UX[—2p,2h] + U, TAE U = U — UX[—2h,21]- LOTJa mMeeM

—h

5 1/r
d5:<% / \(Hloggo)(t)—(Hlogw)(@)\”dt> <

1

, 1/r
. (ﬁ / |<H<u>q_2h,2h]>>(t>|”d’f) + | (H(ux—on21) (0)*+

X ., . 2\ 1/r
+<% /h (/[W,ﬂ\[%,zh})(:tg(%) - ctg(T)“u(sﬂds) dt) :

3aMeTHuM, UTO OIEHKU MEePBOr0 U TPETHET0 CAAraeMOT0 MBI YK€ IIPUBOIUIN B JOKA3ATEILCTBE JeMMBI
7 (C TOYHOCTBHIO 10 BO3BEICHUA B KBAIPAT), MODTOMY IIPUBEIEM OLEHKY BTOPOIO CIAraeMoro, a 3aTeM
100aBUM y¥Ke BHITUCJICHHBIN PaHee Pe3yJbTaT IS OCTABIIAXCA IBYX. BOCHOIB30BABIIACH (DOPMY.ION

(6), mmeem
2 oh 2
([t
—2h 5]

(1Bl + w(b) 2<h_2+w2(h).
~ ©(0) ~ A2 ¢2(0)

Tenepb OCTaJOCH TOJBKO CKOM6I/IHI/IpOBaTI) 2TO COOTHOIIEHUE C KBaApaTaMM OLUCEHOK, ITOJYYIEeHHBIX
st suadenun 17, 1o, T3, T, n3 goxkasareabcTsa JeMMBL 7. OIHAKO, Mpexk e IeM MPOAO0MKUTEL, HAM
OpUAETCA YTOIHUTD OeHKY A1d 15, K coxaneHuio, eciu ee OCTaBUTH B IIPEXKHEM BHUIe, TO €e HaM He
xBaTUT. VTak, B 0003HAYEHUAX COOTBETCTBYIOMEN YACTH JOKA3aTEILCTBA JEMMBbI 7, HAIIMIIEM eIle
pa3 BBEIpaXKeHUe, MJad KOTOPOT0 HEOOXOIMMO YTOYHUTH OIEHKY:

| (H(ux[—2n,20)) (0) |

" an?

/22}; Ctg<_78)u(s)ds

h A w(2h)
D_<,0(0);2 27

11



rae 28h =< A. Bwmecro TOTO, YTOOBI MCHOIB30BAThH MOYTHU YOBIBaHUE (PYHKINN S_Qw(s), KaK Ipe-
X J1e, ucnoab3yem orpanudenue (QI), orgensiomee ycaoBus Ha MIaJKOCTh MEHbIIE | OT YCJIOBUHU HA
rIaIKkocThb oT 1 10 2. MMeem

w(2'h) _ w(2*h) _ w(d) _ #(0)

. = = =92, k—1.
29k~ 2k A A

Orcrona moayaaem D < A7'hlog(1/h), T.e. 06e xKommoueHTE B Ty ONEHUBAIOTCA OTHUM U TEM WKe
BBIDAJKEHUEM.
Kak n 06emanoch, KOMOMHEDYEM KBAIPATH COOTBETCTBYIONIMX OIEHOK U IOJIYIAeM

OF | W h) | O log*(1/h) | p(0)1

¥
<
¢(0)d5 ~A2 (10(0) A2 A2p-1i)-1 : (8)

Ocranock ouenntsb 3uadenue p(0)dg. [las sroro, npubiusum GyHKIMO 10g @ MOAXOIAMMM MHOTO-
4IeHOM cTeneHu 1 (MOANpAaBIEHHBIM 10 TEPUOIUIECKON (DYHKINN)

[IpoBegeM moATOTOBATENBHBIE TOCTPOeHuA. PacemorpuM 7)(s) = ¢(0) + bs. BozbMem MHOTOWICH
7(s) = log ¢(0) +bs/¢(0), KoTOpHIE ABALETCA MHOTOWIEHOM TemIopa MepBoOro mopaIKa 1 (pyHKIUNA
logn(s). TpeacraBum 6e3 T0KA3aTEILCTBA CACAYIONIEE YTBEPKIEHUE, KOTOPOE TOKA3HIBACTCS aHA-
aoru4aHo Jemme 3 (em. [7, 79]) Urak, gua |s| S A semoarero 7)(s) > ¢(0)/2. 3amernm, 910 Bropas
npoussoauas 1)(s) cosnaxaet ¢ —b?/n?(s). [osToMYy, UCTIOIB3YA BEIIIEYTIOMAHYTYIO ONEHKY U JeMMY
2, nMeeM

b? 52

<5 )

|10g77(8) - T(S)‘ < 4(10(0)2 ~ g2

Hanee, BozbmeM p(s) = £(s)7(s), rae £ — cpesaromas dyukumsa kracca C°, koropas pasHa 1 Ha
[—7/4,7/4] u 0 ma [—7, 7| \ [-7/4,7/4] u OPOAOIKUM P IO MEPHOAUTECKOM.
Teneps, naa dg HamUIIIEM

1/r 1r
e " e r
tn< 5 [ 180z - plOOd )+ (5n [ 8RGO ) =it
2h J_,, 2h J_,,
Jl1a Havada, ONEHNM CIaraeMble dg. 3aMeTHM, 9TO OmepaTop H KOMMYTHpPYeT ¢ omepaTopom A2,

MODTOMY MMeeM
h

A*H(p)(0,t) =< /h ctg(—%)A%(s,t)ds.

Maa yro6ersa, camraeM, uto A < /4. Torga A?p(s,t) = 0 ma mpomexytke {|s| < 7/8}. Ha
TOTOMHEHNM TAHHOTO MPOMEXYTKa (DYHKIHUA Ctg(—s/2) OrpaHmTIeHHA HEKOTOPOU YHUBEPCATILHOU T0-
crosaaon. [TorToMmy mmeem
s
30,05 [ 18%(0]ds
—T
Hanee, ormernm, 4o p’(s) = £"(s)7(s) + 2&'(s)7'(s), orkyma |u”(s)]
MeHuB Jemmy 4 mas G = p, paBHOOTCTOAMMX y310B (T.e. 0y = 0)
IOy daeM

S log(1/¢(0)) +1/¢(0). Ipu-
u v < log(1/¢(0)) + 1/¢(0),

2 1+ log(1/¢(0)) 5
225, 5 EGEER w1 <

Orky1a, okonuareabno, nmeem ¢(0)dg < b2
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Hanee, npuctynum K onenke Beandunbl ¢(0)d;. Hanomuuwm, 9To d7 ecTh ycpenHeHHas BTOpasd
paznocts A?H(logyp — p)(0,t). PaszoGwem dymkmuio logy — p ma ase wactu: Ha wy = (logp —
P)X[-4h,4n], ® 0cTaTOK w = (log ¢ — p) — wy. Umeem

1/r 1/r
so(O)d7§<,a(0)(21h [ 1, t>|dt> +<,a(o>(21h [ am ()(o,t>|’“dt) o)

Temneps, omeruM ycpeaHeHHBIE BTOPbIE PA3HOCTH OT Wy U W B oTAeabHOCTH. Haxnem ¢ wy. Umeem

™

1/r - 1/r
(;h / A%H <w0><0,t>|’"dt> s(% / |H(wo>(2t>—2H(wo><t>+H(wo>(o>|’"dt) <

1/r

< @ [ (ol + 2|H<wo><t>|>’“dt) + (o) (0)] <

n 1/r
S (% /. |wo(s>\’"ds> + (o) O)]

YT0o6BI MOTYIUTH MOCTETHEe HEPABEHCTBO, MBI BOCIOJIB30BAJINCH OTPAHUYEHHOCTBIO omepaTopa H
B L". Tenepn, paccMOTpPUM U ONEHUM KaXKI0€ W3 MOJYUEHHBIX 3HadeHuu. [l moIsHTerpaJbHON
(PYHKIIIM B IEPBOM HAIUIIEM

|wo(s)] = [log ¢(s) — 7(s)| < [logp(s) —logn(s)| + [logn(s) — 7(s)|.

Ecan |s| < 4h < A, To Bepubt coorromenus 7(s) > ¢(0)/2 u p(s) > ¢(0)/2, a Takxe onerka (9).
[TpumenuM uxX, COOTBETCTBEHHO, K TIEPBOMY W BTOPOMY CIAraeMOMYy B MOJYIEHHOU BHIIIE OMEHKE.
[Toxyanm
s) —n(s s w(|s s
[io(s) = n(s)] < wll) | 5

[wo(s)] < o0 + PE

Orcioga momydaeM OIEHKY

4h Lr 2
w(U)(% / \wo(S)\’"dé‘) < w(n) + 2OF. (1)

C Ipyrou CTOPOHBI, €CIU UCIOAB30BATL Ty K€ ONEHKY, YTO Mbl HOXyIWIn AasA |wo(s)|, HO yxe B

|H (wo)(0)], To moxy<amm
ML wlsl) sty wh) B2
< LawGo +w)e st

Suaaut ©(0)|H(wp)(0)| ouenmBaercs Tem ke 3Hadenumem, 4ro u B (11). Takum obGpasom, BkiIan
nepsoro craraemoro B (10) MoxnO onerntsb wepes w(h) + A2p(0)h2.
Temeps paccmoTpum Bropoe caaraemoe B (10). Ono onenuBaercsa (6e3 muoxurens ¢(0)) cBepxy
(<) caenyromum 3HATEHEEM:
) 1/r

1 h
(ﬁ [/ A etg(s, )10 o(s) = p(s))ds|
—h'J [—m,7x]\[-4h,4h]

13
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[puvenum k koranrency aemmy 4. Torga ma o6aactu umrerpuposanus |AZctg(s,t)| S |s| 7342
[TosTOMY TOCIeTHEE BEIPAKECHUE HE IPEBOCXOJUT

1 h t2 . 1/r
— — | logp(s) — p(s ds) dt .
2h /h </[7r,7r]\[4h,4h] ‘5‘3| (=) (=)

BeenmeM, Kak U mpu T0Ka3aTeIbCTBE JeMMbI 7, pazouenue [—m, 7]\ [—4h,4h| Ha npoMexyTKn BHIA
{27h < |s| < 27F'h}, j = 2...1, rae | < log(1/h). Torga MoxeM MPOTOMKUTL ONEHKY CJeTyIONIM

BBEIPpazKE€HUEM
l

w3y | [Tog o(s) — p(s)lds.

i 21 h<|s|<20+1h

To4HO TakK e KaK W IPexk e, PACCMOTPUM MOPOTOBHIN HOMep k, 3aaHHEI cooTHOmerneMm 2Fh < A
1 pa3obbeM cymmy Ha aBe: 1o uugexcam {j < k} u {j > k}. B caaraembix mepBout cyMMbl QyHKIIUS
p(s) coBmagaer ¢ 7(s), Bepubl cooTHomenus 1(s) > ¢(0)/2 u p(s) > ¢(0)/2, a Taxxe ouenka (9).
[TosToMy s caaraeMbeix cyMMbL 10 uHgekcam {j < k} umeem

/_ _ \logw(S)—p(S)ldSS/ |log ¢(s) — logn(s)|ds+
21 h<|s|<2/+1h

21 h<|s|<2i+1h

() — n(s)] 5?
logn(s) —7(s dsg/ ———————ds + —ds S
/2jhg|sgzj+1h| (5) =7(3) sin<isj<ivin ©(0) 2in<|s|<2i+1p A2

w(27h) (2jh)2)
©(0) Az )

< 9 h<
Orcrona

k

W2y (27h)7 /Mlsgﬂh [ log o(s) — p(s)|ds < (;; > fz(f;;?) * ’“Z_Z'

=2

Pasbepemcs ¢ KaXIbIM ClaraeMbIM OTAeIbHO. Paccmorpum mepsoe. Mcemoabsdys ycaosue (QD),

2T
/ wl) 4, < h2/ <08 4.
2 h<|s|<2i+1p S ho 5

[Tocieqauy MHTErpaI MOXKHO OLEHWUTH, OIAThH e, UCnoab3ysa couctso (QD). A umenHo,

2w h 2T
h2/ w5 go < ) / ds < 2mw(h).
h h

52 h?

moJayvaeM
k k

9 w(27h 9
DIECETDY

Teneps paccmoTpuM s3Haxerne kA 2h?. CormacHo mocTpoeruio, Tuco k mponopnuonatbHo log(A/h).

[TosTomy
2 2 2 2
kh—2 < h?log(1/h) N h?log(1/A) < h log(l/h),
A A? A? A?

nocJaeqHee BepHO, Tak Kak h < A < 1. A 3Havur,

N h?log(1/h)(0)

dO @ [ lome(s) —plelds S el + TSGR (12

<.
/| =
N
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[ MOABIHTErpATbHON (DYHKINY B CIANaeMBIX OCTABIIHCA CyMMBI 1o uHaekcaMm {j > k} ucnoassyem
“rpy6ywo” ouenky |logp(s) —p(s)| < |logp(s)|+|7(s)|. Orcioga, ucnonssys unepaBerncTso ['énbnepa,
JIA KaKIOTO CAATAEMOr0 DTOU CYMMBI MOLYYUM OIEHKY

/ log o(s) — p(s)|ds < / [ log o(s)|ds + / I7(s)|ds <
21 h<|s|<2i+1h 21 h<|s|<2i+1h 21 h<|s|<2i+1h

1b](27h)?
©(0)
Vcnoab3ya Te xe cooOpaXkeHus, 9TO W IPU OllEHKe BBIpaXKeHusa 1) B MTOKA3aTeIbCTBE JEMMBI 7, MBI

MoxkeM 3ameHuTS | log 0(0)| ma log(1/h). Kak u pambme, ucnoabayem To, uto A < 29h niaa unaexcos
{j >k} u |b|/p(0) < 1/A. Takum o6pasom, nuveem

< (27h)'77|| log ¢ || 1 + 27h| log ¢ (0)] +

s Y- m [ togie(s) ~ plels 5“0y 4 OB 4 2O 1y

j=k+1 27h<|s|<27+h
Co6pas Bmecre onenkn (8), (11), (12), (13), a TakxKe ABe MO TIEPKHYTHIE, TOJLYIAEM UCKOMYIO OIEHKY

s ds. O

Teneps, korga Mel oneHnau di, de 1 d3, BEpHEMCA K 5(2% (0, h). Cobepem BMecTe, ¢ OJHOW CTOPOHHI,
omeHKH JeMMbI 6 u myHKTOB (@) leMM 7 u 8; a ¢ Apyrou — oueHku myHKTOB (b) semm 7 u 8, u 1emmy
6. [TomydaeTcsa aBa HEepPABEHCTBA:

(1) 63, (0, h) S w(h) + 23 + p(0);
(IT) Ecau |h| < A, To

55, (0.0) <+ ) + ZO i((ol? O,

©(0)h%log?(1/h 0)h? 0)h?
ORI (W) | o(OR | p(O)2
A AAS A5

3amermm, uro ecan ¢(0) = 0, To mepasenctso (I), maer omenky 63 (0,h) S w(h), 1T0 MOKHO
TPpaKTOBaTh KaK OTCYTCTBUE ITaJCHUA I'NiaIKOCTH.

Teneps, nycts ¢(0) > 0. HamomuuMm, uro, cormacHo mocrpoenuio, p(0) < 1, A < 1. O6o3uadum
qepes B := p/(p+1). Ormernm, aro 8 < 1, a smauut v’ > z 113 v < 1. B HepaBencTBax HmxKe
(tunma - 2 A u - < A) BoIGepeM TOCTATOYHO MAIYI0 MOCTOAHHYIO U PACCMOTDPHUM CJEAYIONINE TBe
MMEIONIIECA MTPOTUBOMOJOKHBIE BO3MOKHOCTH:

1°. h? > A. Ormernm, aro ¢(0) < w(A) < w(h?). Kpome TOro, BOCTOIB3yeMCS OrpaHITICHEEM
(QI) u moryaum p(0)/A < w(A)/A < h Pw(hP). Orciona umeem orenky

06, (0,h) Sw(h) +w(h?) +h'Pw(h’) S w(h) +w(h’),

KOTOpas M ABIAETCA UCKOMOM.

2°. h < kP < A. B orom cayaae npuvenmvo mepasercTso (I1). O6cyamv Kax omeHITCA Kaxkgoe
U3 ero craraeMbx. B mepsyio odepeab oTMeruM, 9To h < 1, mosromy B mape h? — w(h) gomunupyet
BTOpOE, a 3HAYUT h? MOKHO 0TOPOCHTH. 3aMeTuM, 9T0 ¢(0) < w(A), Mo PTO TPUIWHE U TOMY, ITO

7 2w(x) moITH yOBIBAET, MOXKEM HAMHUCATH

o(0) _ w(4) _ ()
~AZ S p2B




OTmeTuM, 9T0 MBI MOTVIM TOOMUTHCA DTOU OLEHKYW MHAYe — UCIOAB3YA JeMMy | HAmpsAMYyio, HO Tak,

KaK HAIMCAJN MBI, Ha HAII B3TVIAI, HAarAAgHee. T.e. O6yaeM MCIOIb30BATDH MOYTH YOBIBAHWE COOTBET-

cTByIomUX GyHKIu ¢ w(t) HAOPAMYIO, & He Mepexons K COOTBETCTBYIOMINM BHIDAKEHUAM C W.
[laee, oleHKa BBHIIE MPUBEAET K CAEAYIOMEMY HAOOPY COOTHOIICHMM:

©(0)h?
AZ

(0)? log(1/h)
A2
(0)h*log*(1/h)
A2
ITocreHIe HepaBeHCTBA B STOU CePHUH ONEHOK BepHEI, moToMy uTo dyukmma h2(1 ) p2(0=5) 1og(1/h),
h?(1=5) log*(1/h) paBHOMepHO OrparmdeHs mpu h < 1, IpUYeM HOCTOAHHEIC 3ABUCAT TOIBLKO OT [3.
Tenepb, paccMOTpuM TOCTIeIHUE ABa (MO MOPSAKY BXOXKIeHWs) craraembix HepasencTBa (IT).
Yarem BBejgenHoe oboszHadenue [ = p/(p + 1), Torga 3HaAMeHATEIN DTUX CJIATAEMBIX IPUMYT BHUI:
A8 g A?8 coorBercTBerno. Eme pas HamoMumM, 9T0 [ < 1, MOSTOMY IOYTH yOBBAHIE (OYHKIUML
t~2w(t) Brewer mouTn y6uBanme dynxmui ¢~/ 8w (t) mt=2/8w(t) (cooTBeTCTBYIOMIE TOKA3ATEIN ¥
crenenn Goabire 2). [IpuMeHIM 5TO 06CTOATEIBCTBO K PACCMATPUBACMBIM CJIAMAEMBIM HEPABEHCTBA
(IT) m momy<mm

Swh?)RD S w(h);

S w(h”)R P log(1/h) S w(h);

S w(h?)n*Dog?(1/h) S w(h);

p(0)h* _ w(A)h?
Al+1/8 7T A1+1/8
p(0)p* _ w(A)h?
A2/8 T A2/B
Ocranock onennth mocaegnee suavenue w?(h)/p(0). Bamerum, uro orpanmdenme (QI) mam gaer
h='w(h) < A7'w(A). OTcioga, oKOHYATEILHO, UMeeM

W) _wh) b

Cob6upas Bce NOJYUYeHHBIE COOTHOIIEHN, TMEeM UCKOMYIO OIEHKY

S w(hﬂ)hQ—/ﬁ(IH/ﬂ) — w(hﬁ)hl_ﬁ S w(hﬂ);

S w(hPYh2=P28 = y(hP).

06, (0,h) S w(h) + w(h?).
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