Zapiski nauqnyh seminarov POMI Tom 298, 2003 g.

O. E. Werbakova

SKOROST^ SHODIMOSTI DL˚ PRIRAWENI` SLUQA`NYH POLE`

1. Vvedenie

Pust~ dalee X_n, n ∈ N^d_0 – nezavisimye odinakovo raspredelennye nevyroßdennye sluqaænye veliqiny s

EX_n = 0 (1)

i s proizvodØweæ funkcieæ ϕ(t) = E exp (tX_n), koneqnoæ v pravostoronneæ okrestnosti nulØ

0 < t_0 = sup{t : ϕ(t) < ∞}. (2)

Priraweniem qastiqnyh summ budem nazyvat~ sluqaænu¸ veliqinu S_{(i,j]} = ∑ i<k≤j X_k, (i, j] ⊂ N^d_0. Otnositel~no posledovatel~nosti celyh qisel {a_N }_{N∈}Nbudem predpolagat~, qto a_N = [a(N )], gde [·] – celaØ qast~, a funkciØ a(t), t ≥ 1, t ∈ R: 1 ≤ a(t) ≤ t, a(t) i t a(t) ne ubyva¸t . (3)

DlØ kaßdogo N ∈ N rassmatriva¸tsØ maksimumy priraweniæ qastiqnyh summ na parallelepipedah, ob¨em kotoryh libo toqno raven a_N libo ne prevoshodit a_N , leßawih vnutri d-mernyh parallelepipedov vida (0, n], ob¨em kotoryh ne prevoshodit N : S_{N,aN} = max_{|j|≤N} |j−i|≤a_N S_{(i,j]}, S^⋆_{N,aN} = max_{|j|≤N} |j−i|=a_N S_{(i,j]}.

Rabota vypolnena pri podderßke grantov Ministerstva ObrazovaniØ Rossiæskoæ Federacii No. E02-1.0-56 i “VeduwaØ nauqnaØ xkola” NX- 2258.2003.1. 304

SKOROST^ SHODIMOSTI 305 Pust~ I(N, a_N ) – maksimum priraweniæ na parallelepipedah ob¨ema ne bolee, qem a_N , leßawih vnutri d-mernogo kuba (0, 1^0 ·

[N^{1d} ]], gde 1^0 = (1, . . . , 1),

I(N, a_N ) = max J⊂(0,10·[N 1_d ]] |J|≤a_N S_J , I^⋆(N, a_N ) = max J⊂(0,10·[N 1_d ]] |J|=a_N S_J .

Otmetim, qto ob¨em kuba (0, 1^0·[N^1d ]] otliqaetsØ ot N ne bolee qem na dN^{1−1/d}.

Oboznaqim m(u) = (log ϕ(u))^′, σ^2(u) = m^′(u) p(α) = inf_{t∈[0,t0)}ϕ(t)e^{−αt} = ϕ(t^⋆)e^{−αt⋆} . Poloßim c(α) = −1/ log p(α), izvestno, (moßno naæti, naprimer, v [3]), qto funkciØ c(α) – ubyva¸waØ differenciruemaØ funkciØ ot α ∈ (0, A), A = lim_{t↑t0} m(t), priqem,

lim_{α↓0} c(α) = ∞ lim_{α↑A} c(α) = c_0 = 1/ t0∫ 0 tm^′(t)dt. Vs¸du dalee budem predpolagat~, qto log x = log(x∨e), log_2 N =

log log N , x_N ≍ y_N oznaqaet, qto dlØ dostatoqno bol~xih N su-

westvu¸t takie konstanty C_1, C_2 > 0, qto C_1 < |x_N /y_N | < C_2, asimptotiqeskie sootnoxeniØ rassmatriva¸tsØ pri N → ∞.

Izuqeniem skorosti shodimosti dlØ priraweniæ dliny

[c log N ] v odnomernom sluqae dlØ nezavisimyh odinakovo ras-

predelennyh sluqaænyh veliqin zanimalis~ Devel~s, Devroæ i Linq [3]. DlØ priraweniæ dliny [c log N + λ log log N ] dlØ neodinakovo raspredelennyh sluqaænyh veliqin poluqeny rezul~taty Martikaænenym, Frolovym i Xtaænebahom [4].

Vopros o skorosti shodimosti dlØ poleæ izuqalsØ Xtaænebahom i Pfulem [5]. Oni rassmatrivali priraweniØ po kubam ob¨ema [c log N + λ log log N ].

Sformuliruem teoremu Xtaænebaha i PfulØ.

Teorema 1.1. Pust~ Xn, n ∈ N^d_0 – nezavisimye odinakovo rasprede-

lennye sluqaænye veliqiny, udovletvorØ¸wie usloviØm (1), (2).

306 O. E. WERBAKOVA

Predpoloßim, qto

a_N = c log N + λ log_2 N + o(log_2 N ), gde c > c_0, λ ∈ R. (4)

Pust~ α ∈ (0, A) – edinstvennoe rexenie uravneniØ c = c(α) i t^⋆ ∈ (0, t_0) – edinstvennoe rexenie uravneniØ α = m(t^⋆).

Togda lim N→∞ I(N, a_N ) − αa_N log_2 N = − 1/2 + λ/c t^⋆ po veroØtnosti,

lim inf N→∞ I(N, a_N ) − αa_N log_2 N = − 1/2 + λ/c t^⋆ p.n.,

lim sup N→∞ I(N, a_N ) − αa_N log_2 N = 1/2 − λ/c t^⋆ p.n.

Priqem, ffti utverßdeniØ ostanutsØ spravedlivymi, esli I_{N,aN} zamenit~ na I^⋆_{N,aN} .

Cel~¸ nastoØweæ raboty ØvlØetsØ poluqenie analogiqnogo rezul~tata dlØ statistik S_{N,aN} i S^⋆_{N,aN} .

Teorema 1.2. Pust~ Xn, n ∈ N^d_0 – nezavisimye odinakovo raspre-

delennye sluqaænye veliqiny, udovletvorØ¸wie usloviØm (1), (2).

Predpoloßim, qto

a_N = c log N + λ log_2 N + o(log_2 N ), gde c > c_0, λ ∈ R. (5)

Pust~ α ∈ (0, A) – edinstvennoe rexenie uravneniØ c = c(α) i t^⋆ ∈ (0, t_0) – edinstvennoe rexenie uravneniØ α = m(t^⋆).

Togda lim N→∞ S_{N,aN} − αa_N log_2 N = d − 3/2 − λ/c t^⋆ po veroØtnosti,

lim inf N→∞ S_{N,aN} − αa_N log_2 N = d − 3/2 − λ/c t^⋆ p.n.,

lim sup N→∞ S_{N,aN} − αa_N log_2 N = d − 1/2 − λ/c t^⋆ p.n.

Priqem, ffti utverßdeniØ ostanutsØ spravedlivymi, esli S_{N,aN} zamenit~ na S^⋆_{N,aN} .

Takim obrazom, hotØ statistiki S_{N,aN} , S^⋆_{N,aN} ime¸t tu ße asimptotiku vozrastaniØ, qto i I_{N,aN} , I^⋆_{N,aN} , ih fluktuacii,

SKOROST^ SHODIMOSTI 307 imeØ tot ße razmah, okazyva¸tsØ sdvinuty na d − 1. Ots¸da, v qastnosti, sleduet, qto

P (S^⋆_{N,aN} ≤ αa_N b.q.) = P (S_{N,aN} ≤ αa_N b.q.) = 0 pri d > 3/2 + λ/c. 2. Vspomogatel~nye utverßdeniØ Dalee budem predpolagat~, qto d ≥ 2. Pust~ A(N ) = {n ∈ N^d_0 : |n| ≤ N }.

Lemma 2.1. Poloßim Bd(N ) = Card {n ∈ N^d_0 : |n| = N }.

Togda dlØ l¸bogo ϵ > 0 i dostatoqno bol~xih N B_d(N ) ≤ N^ϵ, Card (A(N )) = ∑ n≤N B_d(n) = N · P_{d−1}(log N ) + O ( N^d �1_{d+2 +ϵ}) , gde P_{d−1} mnogoqlen stepeni d − 1.

Zameqanie 2.1. Preßde vsego, sleduet otmetit~, qto Bd(N ) moß-

no rassmatrivat~ kak qislo sposobov predstavleniØ N v vide proizvedeniØ d mnoßiteleæ. Dokazatel~stvo moßno naæti v [1] ili v [2].

Lemma 2.2. Pust~ a^0_N = (aN , 1, . . . , 1). Esli vypolneno (1), (2), to

dlØ l¸boæ posledovatel~nosti y_N , takoæ qto y^2_N a_N → 0, N → ∞, budet vypolneno

P (S_{(0,a}0_{N ]} ≥ a_N (α + y_N )) ∼ Ca^{−1/2}_N p^{aN} (α) exp{−t^⋆a_N y_N },

gde konstanta C > 0 zavisit tol~ko ot raspredeleniØ X_n.

Dokazatel~stvo (6) moßno naæti v rabote Devel~sa, DevroØ i Linqa [3].

Lemma 2.3 (Dßun, �rdex, 1952). DlØ proizvol~nyh sobytiæ

A_1, . . . , A_n imeem: P ( n⋃ k=1 A_k) ≥ ( ∑_n k=1 P (A_k))^2 ∑_n k=1 P (A_k) + ∑ i≠j P (Ai ∩ Aj ) . (7)

308 O. E. WERBAKOVA

Lemma 2.4. Pust~ 1 ≤ i ≤ k,^^i = (i, 0, . . . , 0). Togda dlØ l¸byh x, q

i t ∈ (0, t^⋆) budet vypolnØt~sØ:

P (S_{(0,k}0_] > x, S_(b_{i,}b_{i+k0]} > x) ≤ ≤ (ϕ(t^⋆))^{k−i}e^{−t⋆ q} + P (S_{(0,k]} > x)(ϕ(t))^ie^{−t(x−q)}. Dokazatel~stvo lemmy 2.4 moßno naæti v rabote Devel~sa, DevroØ i Linqa [3].

Dalee budem prepolagat~, qto usloviØ teoremy 1.2 vypolne- ny. Lemma 2.5. DlØ l¸bogo y poluqim sledu¸wu¸ ocenku:

P (S_{(0,a}0_{N ]} ≥ a_N (α + (y + d − 1/2 − λ/c) log_2 N t^⋆a_N )) ≍

(log N )^{−d−y+o(1)} N . Lemma 2.6. Pust~ r^0 = (r, 1, . . . , 1). DlØ l¸bogo r, takogo qto aN −

a^{1/3}_N ≤ r ≤ a_N , i l¸bogo y poluqim sledu¸wu¸ ocenku:

P (S_{(0,r}0_] ≥ a_N (α + (y + d − 1/2 − λ/c) log_2 N t^⋆a_N )) ≍

≍ (log N )^{−d−y+1/2+o(1)} N r^{1/2} ϕ(t^⋆)^{r−aN} . (8) Dokazatel~stvo. PrimenØØ lemmu 2.2, gde zamenim aN na r i y_N = α(a_N − r) + (y + d − λ/c − 1/2) log_2 N t^⋆ , poluqim (8):

P (S_{(0,r}0_] ≥ a_N (α + (y + d − λ/c − 1/2) log_2 N t^⋆a_N )) ≍

≍ (log N )^{−d−y−λ/c+1/2+o(1)} r^{1/2}N e^{−r/c+(r−aN )t⋆α} = = (log N )^{−d−y+1/2+o(1)} r^{1/2}N ϕ(t^⋆)^{r−aN} . � Oboznaqim A_{(i,j]} = {S_{(i,j]} ≥ x}.

SKOROST^ SHODIMOSTI 309

Lemma 2.7. Pust~^^i = (i, 0, . . . , 0), x = aN α+(d−3/2−λ/c−u)^{log2 N}_t⋆

i q = a_N α − log ϕ(t^⋆)^i_{t⋆} + (d − 1 − λ/c)^{log2 N}_{t⋆} +^v_{t⋆} log i, gde u, v ∈ R.

Togda dlØ vseh t ∈ (0, t^⋆) i 1 ≤ i ≤ a_N budet vypolnØt~sØ

P (A_{(0,a}0_{N ]} ∩ A_(b_{i,}b_{i+a}0_{N ]}) ≤ ≤ i^{−v}N^{−1} log^{d−1} N

+ P (A_{(0,a}0_{N ]}) ( ϕ(t) ϕ(t^⋆)^tt^⋆ )_i log^{(u+1/2) tt⋆} N i^{vtt⋆}

≤ i^{−v}N^{−1} log^{d−1} N

+ P (A_{(0,a}0_{N ]}) log^{u+v+1/2} N e^{−iθ}, θ = t ( log ϕ(t⋆) t^⋆ − log ϕ(t) t ) > 0. Zametim, qto θ > 0, tak kak E^{1/t}e^{tX} ≤ E^{1/s}e^{sX} , dlØ t < s.

3. Dokazatel~stvo teoremy 1.2 V fftom paragrafe budem predpolagat~, qto vypolneny usloviØ teoremy 1.2.

Lemma 3.1.

lim sup N→∞ S_{N,aN} − αa_N log_2 N ≤ d − 1/2 − λ/c t^⋆ p.n.

Dokazatel~stvo. Voz~mem proizvol~noe ϵ > 0. Pust~ j ≥ 1 i

rassmotrim posledovatel~nost~ N_j = min{N : [a_N ] = j}.

DlØ N_j ≤ N < N_{j+1} budem imet~ a_N = j, S_{N,aN} ≤ S_{Nj+1 −1,j}. Vospol~zuemsØ lemmoæ 2.1: P_j = P (S_{Nj+1 −1,j} ≥ j(α + (d − 1/2 − λ/c + ϵ) log j t^⋆j )) ≤

≤ N_j P_{d−1}(j) j∑ r=1 r^{ϵ/2}P (S_{(0,r}0_] ≥ j(α + (d − 1/2 − λ/c + ϵ) log j t^⋆j )). Razob~em summu na dve ∑_j r=1 = ∑_l r=1 + ∑_j r=l+1, l = j−j 1/3, pervu¸ ocenim s pomow~¸ neravenstva Markova, a vtoru¸, ispol~zuØ lemmu 2.6. N_j P_{d−1}(j) l∑ r=1 r^{ϵ/2}ϕ(t^⋆)^{r−j} N^{−1}_j j^{−d+1/2−ϵ} ≤

310 O. E. WERBAKOVA ≤ Cl^{1+ϵ/2}ϕ(t^⋆)^{l−j} j^{−1/2−ϵ} ≤ Cj^{1/2−ϵ/2}ϕ(t^⋆)^{−j1/3} = O(j^{−1−ϵ/2}). Primenim pervoe utverßdenie lemmy 2.6: N_j P_{d−1}(j) j∑ r=l r^{ϵ/2}ϕ(t^⋆)^{r−j} N^{−1}_j r^{−1/2}j^{−d+1/2−ϵ} ≤ Cj^{−1−ϵ/2}. Takim obrazom, ∑_∞ j=1 P_j < ∞. Primenenie lemmy BorelØ–

Kantelli zaverxaet dokazatel~stvo. �

Lemma 3.2.

lim inf N→∞ S_{N,aN} − αa_N log_2 N ≤ d − 3/2 − λ/c t^⋆ p.n.

Dokazatel~stvo. PovtorØØ s oqevidnymi izmeneniØmi rassu-

ßdeniØ predyduweæ lemmy, prihodim k P (S_{N,aN} ≥ a_N (α + (d − 3/2 − λ/c + ϵ) log_2 N t^⋆a_N )) ≤ C log^{−ϵ/2} N → 0. � Lemma 3.3. DlØ l¸bogo ϵ > 0 P (S^⋆_{N,aN} ≥ a_N (α + (d − 3/2 − λ/c − ϵ) log_2 N t^⋆a_N )) → 1.

Dokazatel~stvo. Postroim sistemu d-mernyh prØmougol~nikov

sledu¸wim obrazom: J_N = {(i − a^0_N , i] : i ∈ A(N ), i − a^0_N > 0}. Mownost~ mnoßestva moßno ocenit~ po lemme 2.1 Card (J_N ) ∼

N P_{d−1}(log N ). Oboznaqim A_{(i,j]} = {S_{(i,j]} ≥ a_N (α + (d − 3/2 − λ/c − ϵ) log_2 N t^⋆a_N )}. BlagodarØ neravenstvu iz lemmy 2.3 dostatoqno pokazat~, qto (1) ∑ (i,j]∈J_N P (A(i,j]) → ∞, (2) ( ∑ (i1,j1]≠(i2,j2] P (A(i1,j1] ∩ A(i2,j2]))/( ∑ (i,j]∈J_N P (A(i,j])) 2 ≤ 1 + o(1).

SKOROST^ SHODIMOSTI 311 Ispol~zuØ lemmu 2.5 s y = −ϵ − 1, poluqim

Card (J_N )P (A_{(0,a}0_{N ]}) ≥ C log^{d−1} N · log^{−d+1+ϵ} N ≥ C log^ϵ N → ∞.

DlØ dokazatel~stva vtorogo utverßdeniØ vospol~zuemsØ lemmoæ 2.7, gde poloßim v = 2 i u = ϵ.

Togda poluqim

P (A_{(0,a}0_{N ]} ∩ A_(b_{i,}b_{i+a}0_{N ]}) ≤ ≤ i^{−2} N · log^{d−1} N

+ P (A_{(0,a}0_{N ]}) log^{ϵ+5/2} N · e^{−iθ}, θ > 0.

Zametim, qto ∑ (i1,j1]≠(i2,j2] P (A_{(i1,j1]} ∩ A_{(i2,j2]}) ≤ Card (J_N )P (A_{(0,a}0_{N ]})+ (9)

+(Card (J_N )P (A_{(0,a}0_{N ]}))^2 + Card (J_N ) a_N∑

i=1 P (A_{(0,a}0_{N ]} ∩ A_(b_{i,}b_{i+a}0_{N ]}). (10)

Pust~ l = [a^{ϵ/2}_N ], togda

Card (J_N ) a_N∑

i=1 P (A_{(0,a}0_{N ]} ∩ A_{((}b_{i,}b_{i+a}0_{N ]}) ≤

≤ C · Card (J_N )P (A_{(0,a}0_{N ]}) ( l + ∞∑ j=l+1 j^{−2} + log^{ϵ+5/2} N · e^{−θl} 1 − e^{−θ} ) =

= O(log^{32 ϵ} N ). � Lemma 3.4.

lim sup N→∞ S^⋆_{N,aN} − αa_N log_2 N ≥ d − 1/2 − λ/c t^⋆ p.n.

Dokazatel~stvo. Voz~mem proizvol~noe ϵ > 0. Pust~ j ∈ N i

rassmotrim posledovatel~nost~ N_j = min{N : [a_N ] = j}. Postroim semeæstvo d-mernyh prØmougol~nikov, raspoloßennyh v sloe A(N_j ) \ A(N_{j−1})

312 O. E. WERBAKOVA sledu¸wim obrazom: L_{Nj} = {(i − a^0_N , i] : |i| ≤ N_j , |i − a^0_N | > N_{j−1}}. Zametim, qto N_j ∼ e^{1/c}N_{j−1}.

DlØ ocenki mownosti ispol~zuem lemmu 2.1:

Card (L_{Nj} ) = N_j∑

K=N_j�1 B_d(K) ≍ N_j j^{d−1}. Rassmotrim nezavisimye sluqaænye veliqiny

T_j = max (i−a0_N ,i]∈L_{Nj} S_{(i−a}0_{N ,i]} ≤ S^⋆_{N,aN} , gde neravenstvo vypolnneno dlØ N_j ≤ N < N_{j+1}.

Oboznaqim A_{(i,k]} = {S_{(i,k]} ≥ j(α + (d − 1/2 − λ/c − ϵ)^{log j}_{t⋆j} )}. Primenim lemmu 2.5 s y = −ϵ, poluqim P (A_{(0,a}0_{N ]}) ≍ j^{−d+ϵ}/N_j,

Card (L_{Nj} )P (A_{(0,a}0_{N ]}) ≍ j^{−1+ϵ}.

Pust~ l = [j^{ϵ/2}], togda

Card (L_{Nj} ) j∑ i=1 P (A_{(0,a}0_{N ]} ∩ A_(b_{i,}b_{i+a}0_{N ]}) ≤

≤ C · Card (L_{Nj} )(P (A_{(0,a}0_{N ]})l + j∑ i=l+1 P (A_{(0,a}0_{N ]} ∩ A_(b_{i,}b_{i+a}0_{N ]}).

DlØ ocenki vtorogo slagaemogo ispol~zuem lemmu 2.7, gde poloßim v = 1 + 2/ϵ i u = ϵ − 1: j∑ i=l P (A_{(0,a}0_{N ]} ∩ A_(b_{i,}b_{i+a}0_{N ]}) ≤

≤ j∑ i=l ( i^{−1−2/ϵ} N_j j^{d−1} + P (A_{(0,a}0_{N ]})e^{−θi}j^{(ϵ−1/2) tt⋆} i^{(1+2/ϵ) tt⋆} )

≤ j^{−d} N_j + P (A_{(0,a}0_{N ]})j^{(2/ϵ+1/2+ϵ) tt⋆} e^{−lθ} 1 − e^{−θ} ,

Card (L_{Nj} ) j∑ i=1 P (A_{(0,a}0_{N ]} ∩ A_(b_{i,}b_{i+a}0_{N ]}) = O(j^{−1+ 32 ϵ}).

SKOROST^ SHODIMOSTI 313 S pomow~¸ neravenstva, analogiqnogo (9), moßno proizvesti sledu¸wie ocenki: P (T_j ≥ j(α + (d − 1/2 − λ/c − ϵ) log j t^⋆j ) = P ( ⋃ (i,j]∈L_{Nj} A_{(i,j]}) ≥

≥ (Card (L_{Nj} )P (A_{(0,a}0_{N ]}))^2 Card (L_{Nj} )P (A_{(0,a}0_{N ]}) + ∑ (i1,j1]≠(i2,j2] P (A(i1,j1] ∩ A(i2,j2]) ≥ j^{−1+ϵ}. S pomow~¸ Lemmy BorelØ–Kantelli zaverxaem dokazatel~- stvo. �

Lemma 3.5.

lim inf N→∞ S^⋆_{N,aN} − αa_N log_2 N ≥ d − 3/2 − λ/c t^⋆ p.n.

Dokazatel~stvo. Voz~mem proizvol~noe ϵ > 0. Pust~ j ≥ 1 i

rassmotrim posledovatel~nost~ N_j = min{N : [a_N ] = j}. DlØ

j ∈ N, r ∈ N0 i s ∈ N^{d−1}_0 opredelim mnoßestva Nj = {m[j^{ϵ/2}] : m = 0, 1, . . .}, J_{j,r,s} = {(i, i + a^0_N ] : i_1 ∈ (2rj, (2r + 1)j] ∩ N_j, s = (i_2, . . . , i_d)}.

Zametim, qto Card (J_{j,r,s}) ∼ a_{Nj} j^{−ϵ/2} ∼ cj^{1−ϵ/2}.

Cluqaænye veliqiny T_{j,r,s} = max_{(i−a0N ,i]∈Jj,r,s}S_{(i−a}0_{N ,i]} budut nezavisimymi, i dlØ N_j ≤ N < N_{j+1} budem imet~ max (0,(r,s)]∈A(^{Nj} �^j2_j ) T_{j,r,s} ≤ S^⋆_{N,aN} . Ispol~zuØ neravenstvo 1 − x ≤ e^{−x} i ocenku dlØ mownosti mnoßestva Card (A(^{Nj −j}_{2j} )), poluqim P_j = P (S^⋆_{Nj ,j} ≤ j(α + (d − 3/2 − λ/c − ϵ) log j t^⋆j )) ≤

exp{−P (T_{j,r,s} > a_{Nj} (α + (d − 3/2 − λ/c − ϵ) log j t^⋆j ))N_j j^{d−2}(1/2 + o(1))}.

Oboznaqim A_{(i,k]} = {S_{(i,k]} ≥ j(α + (d − 3/2 − λ/c − ϵ)^{log j}_{t⋆aN} )}.

314 O. E. WERBAKOVA

PrimenØØ neravenstvo Bonferroni, poluqim P (T_{j,r,s} ≥ j(α + (d − 3/2 − λ/c − ϵ) log j t^⋆j )) ≥ Σ_1 − Σ_2.

Gde Σ_1, summa po nepereseka¸wimsØ intervalam, ocenivaetsØ s pomow~¸ lemmy 2.5 s y = −1 − ϵ, a imenno:

Σ_1 = Card (J_{j,r,s})P (A_{(0,a}0_{N )}) ≍ j^{1−ϵ/2}j^{1−d+ϵ}/N_j.

A Σ_2, summu po pereseka¸wimsØ intervalam, ocenim, ispol~- zuØ lemmu 2.7 s v = 2 i u = ϵ,

Σ_2 ≤ Card (J_{j,r,s}) j1�ϵ/2 ∑ r=1 P (A_{(0,a}0_{N )} ∩ A_( d_{jϵ/2r,a0N +} d_{jϵ/2r}) ≤ Cj^{2−d+ϵ/2}/N_j, – ffto, v svo¸ oqered~, vytekaet iz sledu¸wih ocenok: j1�ϵ/2 ∑ r=1 P (A_{(0,a}0_{N )} ∩ A_( d_{jϵ/2r,a0N +} d_{jϵ/2r)})

≤ j1�ϵ/2 ∑ r=1 (N^{−1}_j j^{1−d−ϵ}r^{−2} + P (A_{(0,a}0_{N ]})e^{−θ(jϵ/2r)}j^{(2ϵ+ 12 ) tt⋆} r^{2 tt⋆} )

≤N^{−1}_j j^{1−d−ϵ/2} + N^{−1}_j j^{1−d−ϵ} j1�ϵ/2 ∑ r=j^{ϵ/}2 r^{−2} + P (A_{(0,a}0_{N ]})j^{5/2+ϵ} e^{−jϵθ} 1 − e^{−jϵ/2θ} ≤Cj^{1−d−ϵ/2}/N_j . Cledovatel~no, P (T_{j,r,s} ≥ a_{Nj} (α + (d − 3/2 − λ/c − ϵ) log j t^⋆j )) ≥ ≥ C(1 + o(1))j^{2−d+ϵ/2}/N_j. V itoge, poluqim P_j ≤ exp{−C/2j^{ϵ/2}(1 + o(1))}. Takim obrazom, rØd ∑_∞ j=1 P_j shoditsØ, s pomow~¸ Lemmy

BorelØ–Kantelli zaverxaem dokazatel~stvo lemmy. �

SummiruØ rezul~taty, izloßennye v fftom paragrafe, moßno sqitat~ teoremu 1.2 dokazannoæ.

SKOROST^ SHODIMOSTI 315

Literatura

1. E. K. Titqmarx, TeoriØ dzeta-funkcii. Merkuriæ-PRESS (2000). 2. K. Prahar, Raspredelenie prostyh qisel. Mir, Moskva (1967).

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

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

5. J. Steinebach, W. Pfuhl, On precise asymptotics for Erdös–Rényi 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 S_{N,aN} = max { ∑ i<k≤j X_k : |j| ≤ N, |j − i| ≤ a_N } ,

S^⋆_{N,aN} = max { ∑ i<k≤j X_k : |j| ≤ N, |j − i| = a_N } , where N ∈ N and a_N = c log N + λ log_2 N + o(log_2 N ), c > c_0, λ ∈ R, X_n is a sequence of multi-dimension indexed i.i.d. centered random variables having a finite moment generating function in right neighborhood of zero, |n| is defined by multiplying of coordinates.

Postupilo 20 noØbrØ 2003 g. S.-Peterburgskiæ gosudarstvennyæ Politehniqeskiæ Universitet,

E-mail: helga�scher@mail333.com