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CKOPOCTb CXOIOMMOCTHW JIs
MPUPAINEHUN CJYUAMHDLIX ITOJEN
1. BBEAEHUE

[ycts ganee X,,n € N¢ — HesaBucHMbIe 0 IMHAKOBO pacIpeieseH-
Hble HEBBIPOMKJCHHBIE CyYaiiHble BEJINYMHBI C

EX, =0 (1)

W ¢ mpomsBoaAmell pyurmmeii ¢(t) = Fexp (1X,,), KoHeUHOH B IpaBo-
CTOPOHHEHN OKPECTHOCTH HYJIA

0 < top =supq{t: ¢(t) < oo}. (2)

IIpupamenreM 4acTUYHBIX CYMM 0yAeM Ha3bIBATH CAy4YaliHyIo Be-
JIMYNHY

Sua= >, Xe, (i,j] CIE
i<k<j

OTHOCUTENLHO IIocjaeJ0BaTEeJbHOCTHU IEJbIX UKCeJl {GN}NGN 6y—

JeM mpefroarath, uro ay = [a(N)], rae [] — nenas yacth, a GpyHK-
s a(t), t > 1, t € R:
1 <a(t) <t,
[
a(t) He yOLIBAIOT . (3)

a(t)

HNaa xrasxmoro N € N paccMaTpuBaIoTCA MAKCUMYMBI TTPUPaIleHui
YaCTUYHBIX CYMM Ha TapaJdijeilenuienax, 06 beM KOTOPHIX U0 Tou-
HO paBeH ay AubB0 HE TIPEBOCXOAUT Gy, JIEHKANNUX BHYTPU d-MePHBIX
napasienennnenoB puaa (0, n], 06’beM KOTOPEIX He MpeBocXoauT N:

SN,ay = I?I%J)é Stijl SNay = I?I%J)é S(i g1
li—il<an li—il=an

PaboTa BEINONHEeHa NpM Noidep:kke rpaHToB Mwunucrepcrtsa O6pasoBaHuA
Poccuiickoii Pemepanuu No. E02-1.0-56 u “Benymasa nayunasa mrosa” HIII-
2258.2003.1.
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Mycte I(N,ay) — MakCUMyM TpPUDAIeHAN Ha TapaJijiesenuinenax
o6bema He Goslee, UeM ay, Jeskamux BHyTpu d-mephoro ky6a (0,1°-

[N#]], rae 1°=(1,...,1),

I(N,an) = max Sy, I*(N,any)= max Sy.
JC(0,1° [N T]] JC(0,1° [N T]]
|[T]<an [J]=an

Ormerun, uto ob6bem ky6a (0,1°-[N7]] oraugaerca or H ne Goitee
gem ma AN/,
O6ozmaunm m(u) = (log¢(u))’, o?(u) = m'(u)

— inf $ —ozt: t* —ozt*.
ple) = dnf ot)e P(")e
Monoxnm c(o) = —1/logp(er), maBecTHO, (MOMKHO HafiTH, HAIpW-
Mep, B [3]), uro dyHrmmA c(o) — ybweBaromas quddepeHnupyemas
GYHKIUA OT
ae(0,4), A= liTmm(t),
t1to

npuyeM,

to
lime(a) =00 lime(a) =g = 1//tm/(t)dt.
al0 alA

0

Beroay maiee 6yieM npeanonaratk, uro logz = log(zVe), log, N =
loglog N, & < yy o3HauaeT, YTO JJA JOCTATOYHO Goabmmx N cy-
nrecTBYOT Takue koHctaHThl O, Cy > 0, uro Cy < |en/yn]| < Ca,
ACUMIITOTUYECKHUE COOTHOIEHUA paccMaTpuBaroTca mpu N — oo.

WzydenneM CKOPOCTU CXOAMMOCTU JJIA TIPUPAINEHUN AJIWHBI
[clog N] B oaHoMepHOM cilyuae IJisi HE3aBUCUMBIX OJMHAKOBO pac-
MIpeIesieHHBIX CIYYalHbIX BeJIUYNH 3aHnMainch JleBenbc, leBpoit u
Jung [3]. dua npupaniennii anussl [clog N + Aloglog N| nna Heo nu-
HAKOBO PAaCIIpeleIeHHBIX CIYYalHbIX BEJWUNH MMOJTYYeHbl Pe3yibTa-
o1 Mapruraiinensim, ®posnoseim u HlTaiinebaxom [4].

Bompoc o cropocty cxomumocTtu s modseir maygaica [lraiime-
Baxom u Idpyaem [5]. OHu paccMaTpuBaiu HPUPANICHAA 110 KyHam
obbema [clog N + Aloglog NJ.

Cpopmynupyem teopemy ltaiinebaxa u [1dymns.

Teopema 1.1. Iycmy X,,,n € N — nezasucumvie odunaxoso pacnpede-
AEHHBLE cayuaiinbie seaununtl, ylosaemeopouue yeaosusm (1), (2).
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IIpednoaoncum, wmo
any = clogN + Alogy, N + o(logy N), 2de ¢ >cp, AER. (4)

IIyemy o € (0, A) — eduncmeennoe pewenue ypaswenus ¢ = c(a) u
t* € (0,1g) — eduncmeennoe peutenue ypasrenus o = m(t*).
Tozda

I(N,an)— aayn 1/24 A/e

lim = N0 BEPOTMHOCTU,
N—oo log, N t*
hmian(N,aN)—ozaN :_1/2—|—/\/C "
N—oo logzN >
I(N — 1/2 - X
lim sup (N.ay) — aan = / /e M.
N—oo log, N t*

Hpuves, smu ymeepucoenus oCMAnYMCT cRPasediusuiMy, ecatt Iy qy
*
3AMERUMD HA IN,aN‘

Hennro macTosAmeid paboThl ABAAETCA MOJyUeHUWE AHAJIOTUIHOTO
ke
pesyibTaTa JJIA CTATUCTUE SN,ay U Sy 4y -

Teopema 1.2. Ilycms X, n € N¢ — nezasucumvie odunaxoso pacnpe-
deaennvie cayualinme eeaununsl, yoosaemeaopaouue yeaosusm (1), (2).
IIpednoaoncum, wmo

any = clogN + Alogy, N + o(logy N), 2de ¢ >cp, AER. (5)

IIyemy o € (0, A) — eduncmeennoe pewenue ypaswenus ¢ = c(a) u
t* € (0,1g) — eduncmeennoe peutenue ypasrenus o = m(t*).
Tozda

SNay —aay _ d—3/2—X/c

m no 8EPOTMHOCTU,
Nt log, N =
liminfoXax —0on _ d=3/2=Aec
N T log, NV =
an — d—1/2— X
limsupSN’ v T YON / /e n.M.
N—oo log, N *

Hpuves, smu ymeepncoenus 0CMANYMCT CRPABEOAUBLIMY, €CAU SN ay
*
3AMERUMD HA SN,aN‘

Taxum o6paszom, XOTA CTATUCTUKNA SNy, SN,, WMEIOT Ty e
)
ACUMINITOTUKY BO3pacTaHud, uTo U INay, I .., UX QayrTyarwm,
)
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vMes TOT »Ke pa3Max, OKa3blBaloTcA caBuHyThl Ha d — 1. Orciona,
B YaCTHOCTHU, CJEAYET, YTO

P(SN a4y <aan 6.9.) = P(Sn,ay < aay 6.4.) =0

yAN

opu d>3/24 Afc.

2. BCIOMOTATEJBHBIE Y TBEP/KJIEHUSA

lanee 6ynem nmpeanosaraThb, uro d > 2.
Oycte A(N) ={n €Ng: [n|] < N}.

Jdemma 2.1. IToaoxncum Bg(N) = Card{n € N¢: |n| = N}.
Toz0a daxg awbozo € > 0 v docmamouno 6oavwur N

Ba(N) < N°,
Card (A(N)) = Z Bi(n) = N - Py_1(log N) + O(NZ_T;‘H)’
n<N
20e Py_1 mmuozonaen cmenenu d — 1.

Sameuanmue 2.1. [Ipexie Bcero, cilegyeT OTMETUTE, U4To Bg(N) Mok-
HO paccMaTpUBaTh KaK YMCI0 CcIocobOoB mpenacrtaBiienus N B BuUie
npousBenenusa d MHOMkUTesel. JlokazaTeibcTBO MOKHO Haiitu B [1]
v B [2].

Jemma 2.2. ITyems a% = (an,1,...,1). Ecau ennoaneno (1), (2), mo
0ag aw060f nocacdosameavnocmu yy, maxod wmo yiany — 0, N — oo,
bydem 8uINOAHENO

—-1/2
P(Sioa1] > an(a + yn)) ~ Cay'p™ (a) exp{~tayyn }
20¢ koncmanma C > 0 zaeucum moasko om pacnpedeaenus X, .

HokazatenbcTBo (6) MoskHO HaiTu B pabore Jepenbca, JleBpos
u JIunga [3].

Jlemma 2.3 (kyH, Dpaem, 1952). Jag npoussoasunzs cobwimud
Ay, ..o A, umeem:

" (0, P(AR)Y
PUAD 2 o S by ™
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Jemma 2.4, ITyems 1 < i<k, i= (4,0,...,0). Toeda dag awbuz x,q
ut € (0,t%) 6ydem emnoanamocs:

P(S(oyko] >z, S(?,?+k0] > ) <
< (6() e 4 P(S(0. > 2)(0(1)) e T,
HokazaTenbcTBO JeMMHBI 2.4 MoskHO Haiiti B pabore JleBeusbca,
Heppos n Jlunga [3].

amee 6ymeM TipenoaraTh, YTO YCIOBUA TeopeMbl 1.2 BHLITIOTHe-
HBI.

JIlemma 2.5. Jlag 4106020 Yy noayuus caedyiowyio oyenKy:

log, N . _ (log N)~d-v+e(1)
P(S(O,a?\,] >an(a+ (y+d—1/2—A/c) Tan )) < N .
Jemma 2.6. Hyems v = (r,1,...,1). Jdag awbozo r, maxozo wmo ay —

ajl\{?’ <r <apn, 4 2106020 Y NOAYHUM CAEOYIOULYIO OUEHKY:

log, N
P(S(o,0 > an(a+ (y+d—1/2 = Ae)—221)) <
i an
log N —d—y+1/240(1)
~ (g V) (). (8)

Nrl/2

JokazarenbcTBo. [lpumvensasa gemmy 2.2, rjae 3aMeHUM ay Ha r 1

log, N
yn = alay — ) + (y+ d — Me — 1/2) Ogti ,
monyunm (8):
log, N
P(Sio0 > an(a+ (y+d—Xe— 1/2)%)) =

(log N)—d—y—)\/c+1/2+o(1)
- /2N
(log N)—d—y+1/2+o(1)

_ F\Nr—aN
= T T il

e—r/c+(7‘—aN)t*oz —

O6osmaunm A ;1= {Si ;> ).
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JIemma 2.7. Hycmb?: (4,0,...,0), . = aNa+(d—3/2—/\/c—u)M

x

uq= aNa—logqb(t*)tL* +(d-1- /\/c)IOgQN + ;5 logi, 20e u,v € R.

t*
Tozda daq ecext € (0,t%) u 1 < i< an 6ydem swnoanamues

P(A0,021 N AG1ag)) <

iTUNTL (t) \¢ 12yt ot
< L PAg o) (2 gt/
~logil N A, N])(¢(t*)t_*') &
Z'—vN—l .
< ———+ P(Ayp 070 utvtl/2 Ne™i,
S g TN (A(0,a2) log
_ (logo(t*) logo(t)
0=1( T ) >0,

Bametnm, uto f > 0, tak kax E/te!X < FVsesX | pnat < s.

3. JIOKA3ATEJABCTBO TEOPEMBI 1.2

B a1oMm maparpade 6ynem mpeanosnaraTh, UTO BBITOJHEHBI YCIO-
BUsA TeopeMbl 1.2.

JIlemma 3.1.
SNay —aany _ d—1/2—X/c

lim su < n.H.
N—»oop Ing N - *

JokazaresbcTtBo. BosbmeMm npousBosibHoe € > 0. Ilyets j > 1 n
paccMoTpuM IocienoBarTelbHocTs N; = min{N : [ay] = j}.
Haa Ny < N < Njqq bynem umerb ay = J, SNay < SNjpi—1,5-
Bocnoabsyemcs aemmoin 2.1:

) log j
. d e/2 ; IOg]
< N]'Pd—l(])zr P(S(O,TU] Z_](Oz—l—(d— 1/2_ /\/C—I—E) < ))

r=1

YA . J _ ;_;1/3
PazoGbem cymmy Ha aBe Y ) =+ 0y, = j—] /3 nepsyio
OLlCHMM C IIOMOINBIO HepaBeHCcTBa MapKoBa, a BTOPYIO, WUCIOJbL3YA
aseMmy 2.6.

l
Nde—l(j) Zr6/2¢(t*)7‘—jNj—lj—d-l—l/Z—E S

r=1
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< Cll+6/2¢(t*)l_jj_1/2_e < le/Z—e/zd)(t*)_jl/a _ O(j_1_6/2)~

I[Ipyumenum mepBoe yTBepsKaeHne jieMMbI 2.6:
j .
N; Pi_1(j) Z re/qu)(t*)r—]Nj—lr—l/zj—d+1/2—e < Cj_l_e/z,

r=I

(o]
Takum o6pazom, Z]’:1 P; < oo. Ilpumenenue nemmer Bopensa—

KanTenau 3aBepiiaeT HoKa3aTelbCTBO. a
JIlemma 3.2.

.S — wa d—3/2—A/e

lim inf 220 N < / / n.M.

N—oo 10g2 N - tx

JoxrazatenbcTBo. [T0BTOPAA ¢ OUEBMIHBIMK M3MEHEHUAMHU DPAcCCy-
MIEHUA TPEABIAYINEA TEMMEL, TPUXOIAM K
log, N )

)< Clog™/* N —0.
t*aN

P(Snay Zan(a+(d—3/2—Afc+e)

d

Jemma 3.3. Jag awbozo € >0

log, N

P(San 2 ax(a+(d=3/2 = Ae— )2

)) — 1.

JoxkazarensctBo. [locTpoum cuctemy d-MepHBIX MPAMOYTOILHUKOB
CIAenyIOmMmnM 06pa3oM:

In ={(i—a%,i]:i€ A(N),i—al >0}

MoImHOCTh MHOMKECTBA MOMKHO olleHUTH 1mo gemme 2.1 Card (Jy) ~
NP;i_i(log N). O6osznaunm

log, N
t*aN

Aujp= 15602 an(a+(d=3/2=A/c—¢) )}

Bnaroaapﬂ HepaBEHCTBY U3 JEMMBbI 2.3 AOCTATOYHO IMOKa3aTh, YTO
(1) Z(i,j]EJN P(A(i,j]) — 00,
(2) (Z(il,jl];é(@,h]P(A(il,jl] N A(iz,jz]))/(Z(i,j]eJN P(A(i,j]))z <1+

o(1)
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Ucnonbaysa aemmy 2.5 ¢ y = —e — 1, moayumum
Card (Jx)P(Agpaz7) > Clog?™" N -log= ™' N > Clog" N — oo,

na nokazaTeabCcTBa BTOPOTO YTBEPHKAEHUA BOCIIONb3YEMCA JTEMMOH
2.7, Toe TTONOKUM v = 2 T % = €.
Toraa moayumm

P(Aw,a31 N AG71an) <

Z'—Z

< L P(Ag e log N e g s 0.
S N e N (A(o,a2,7) log

3aMeTuM, 4TO

Z P(A(ilyjl] N A(im]é]) < Card (JN)P(A(O,G?\,])—i_ (9)
(11,511#(42,52]
an

+(Card (J5) P(Agoa3,)))” + Card (Jn) D P(A0,a2) N A irany)- (10)

i=1

MMycrs | = [a%z], TorAa

anN

Card (Jx) D P(Aw,a2) N A itar) <
i=1

0o _ 10g5+5/2 N . e—9
< c.carduN)P(A(o,agv])(H D e By I
j=l+1
O
Jlemma 3.4.
SAr a — Q@ d—1/2-X
lim sup Naw al > / e e
N—oo IOgZ N t

JokazaresbcTtBo. Boszbmem npousBosabhoe € > 0. Ilycts j € N n
paccMoTpuM HocilenoBaTenbHocTb N; = min{N : [an] = j}. ITocTpo-
UM CeMeficTBO d-MepHBIX MPAMOYTONBHUKOB, PACIONOMKEHHBIX B CIIO€

A(N;)\ A(Nj-1)
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CIAenyIOmMmnM 06pa3oM:

Ly = {(i = al, ] 1 [i| < Ny, |i—aiy| > Nj_1}.
3ameTnM, uto N; ~ el/ch_l.

s OIEHKN MOHNITHOCTHW UCIIOJb3YEM JIEMMY 2.1:

N
_ N AT, sd—1
Card (Ly,) = E By(K) =< N; .
K=N;_
PaccMoTpuM He3aBUCUMELE CllydaiiHble BeJUUUHLL
Ty = max  Sy_q < Sy

) ; an’
(z—a?\,,z]eLNj ’

rze HepaBeHCTBO BbloaaHeHo 1 N < N < Njiq.

O6osmaunm A p) = {Suk) > jla+ (d—1/2 = A/c - e)l%gji)}
Mpumenum gemmy 2.5 ¢ y = —¢, TOTyUnM P(A(O,a?\,]) = jTIHe/N;,
Card (L, )P(A(g,a0]) = joite,

Mycts | = [j9/?], Torma

J
Card (Ln,) Y P(A0,a2) N AG7pan)) <
i=1
J
< C - Card (Ly, )(P(Agaa DI+ > P(Agany NAGira)):
i=I+1
A oleHKM BTOPOTO CJAraeMoro UCIob3yeM JeMMy 2.7, TJe 100~
UM v =1+ 2/cuu=c—1:
J

> P(A0a81 N AG7sag)) <

J
! =0 2(e—1/2) & (142/€) %
<32 (e + Pk )

J (2] e1/24¢) e
W TP Ao Tl

_ -—1 %e
21N AGirag)) = OG™F29).
i=1
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C moMoITpI0 HEPABEHCTBA, aHAJOTHYHOTO (9), MOMKHO NPOW3BECTH
cile IyIOIINe OIEHKU:

, log j
P(T} > jla+ (d=1/2=Me= 220y = P( ) Aup) >
j (ZVJ]GLN]
N (Card (LNj)P(f‘l(o,a%]))2 > joide
— Card (L, ) P(Ag0,08,)) + 20, jultinga) P (A6 N Az ga)) ~

C momortipio Jlemvbl Bopena—KanTenau 3aBepimaeM goKa3aTelb-
CTBO. O

JIlemma 3.5.
SNaw —@an _ d—3/2—A/ec

lji\rnlio%f log, N > = n.H.

JokazaresbcTtBo. BosbmeMm npousBosibHoe € > 0. Ilyets j > 1 n
paccMOTpUM mociemoBaTedbHocTs N; = min{N : [ay] = j}. Huas
JEN reNguse Ng_l OIIpeIe UM MHOMKECTBA

Nj = {m[j"*]:m=0,1,.. },

Jirs = {0, i+a¥] i € (2rf, (2r + D)INN;, 5 = (49, ... ,34)}.
Samernm, uro Card (J;,4) ~ aij_E/z ~ejimel?,
[Inywaiinbie Beqmanast ;. = max  S_g0 ;) 6yayT HesaBu-
hr (i_a?\ﬁi]e‘]jﬂ”;s (Z ot

cumbivu, u aisa N; < N < Nji g Gynem umers

max Ty, < S%

(0,(rs0eA( a7 o

WUcnonbaysa nepaBeHcTtBo 1 — 2 < 77

Ni—j
25

1 OLEHKY MJJis1 MOIIHOCTHN

mHoxkecTBa Card (A( )), moIyUnmM

.
Py = P(SK, ; S o+ (d=3/2 =)/ =) 727)) <

D[P (T > a0 (4= 3/2= Me— ) ED) N, 74212+ o).

O6Gosznaunm Ay p) = {Sup > o+ (d—3/2 = A/ — €)loriyy

t*an
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IIpumensas HepaBeHcTBO BoH(eppoHN, moayunM

l
P(T s > jla+(d—3/2— Nec—e) jgj)) > ¥, — 3,

[ne ¥, cymMa 1o HemepeceKaloNUMCA MHTEPBAaM, OIEHNBAETCA
¢ TIOMOIIBIO JeMMHI 2.5 ¢ y = —1 — €, a UMeHHO:

= 1—d
El—card( ]rs) (A(O aN))le 6/2.71 +E/N]"
A Y5, cyMMy 10 TIepeCceKaIommnMCca MHTePBaiaM, OTEHUM, UCITO b=
3ydA deMmy 2.7 cv =2 U1 u = ¢,

ji= e/2

Yy < Card (J;,5) Z P(A(0,a3) NV ATy a0 45775 ) < G2l
r=1

— ®TO, B CBOIO oUepedb, BbITEKaeT U3 CJCAYIOINNX OIEHOK!

cl—c/2

J
Z_; (A(O a8 ) N A(]e/27‘ a9 +]e/2r))
c1—ef2

epm —0(59/2) (24 1)L 2t
Z 11 d— 2—|—P(A(0 ) 6(4 )j(2+2)t th)

J

]»1—5/2

1.1—d—e/2 Ljl-d=c -2 5/24e €
<N + Ny Z 7774 P(Ag,a0,)J 1 _ o0

_]'59

T:j€/2

Sle_d_E/z/Nj.

HaenoBarenbho,

o
P(Tjs 2 ay, (0 +(d=3/2 = Me =) 550)) >

> C(1+0(1))72 /2 /N;.

B urore, nonyunm P; < exp{—C/25*(1 + o(1))}.
Takum o6GpasoM, psan Z;’;l P; cxoautca, ¢ nomoinbio JlemMMbl
Bopensa—Kanrennu 3aBepiiaeM H0Ka3aTelbCTBO JEMMEI. d

CyMMUDPYS pe3yibTaThl, U3J0KEHHBIE B 5TOM Haparpagde, MOKHO
cunTaTh TeopeMmy 1.2 mokaszaHHOI.



CEOPOCTH CXOIAMMOCTHU 315

JIMTEPATYPA

1. E. K. Turumapm, Teopus dzema-dynryuu. Meprypuii-IIPECC (2000).
. K. Ilpaxap, Pacnpedeaenue npocmuw vucea. Mup, Mocksa (1967).

[}

3. P. Deheuvels, L. Devroye, J. Lynch, Fzact convergence rate in the limit theorems
of Erdés—Rényi and Shepp. — Ann. of Probab. 14, No. 2 (1986), 209-223.

4. A. Frolov, A. Martikainen, J. Steinebach, Erdés—Rényi—Shepp type laws in the
non-i.i.d. case. — Philipps-Universitat Marburg, Bericht Nr. 42, Fachbereich
Mathematik (1966).

5. J. Steinebach, W. Pfuhl, On precise asymptotics for Erdés—Rényt increments of
random fields. —Pub. Inst. Stat. Univ. XXXIII, No. 2 (1988), 49-66.

Shcherbakova O. E. Rate of convergence of increments for random
fields.

The purpose of this paper is to obtain exact convergence rate in the
limit theorems for maximal increments of random fields

SNy = max{ Z Xi: 7| <N lj—1 < aN},
i<k<;

St =max{ 3 Xei il <Nl —il =an},
i<k<j
where N € N and ay = clog N4+ Alog, N+o(log, N), ¢ > g, A € R, X,
1s a sequence of multi-dimension indexed 1.1.d. centered random variables
having a finite moment generating function in right neighborhood of zero,
|n| is defined by multiplying of coordinates.
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