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We prove large deviation results for Minkowski sums of iid random compact sets where
we assume that the summands have a regularly varying distribution. The result confirms
the heavy-tailed large deviation heuristics: “large” values of the sum are essentially due to
the “largest” summand.

1. Introduction

Preliminaries on random sets and Minkowski addition. The theory of random sets is sum-
marized in the recent monograph [9]. For all definitions introduced below we refer to [9]. Let
F be a separable Banach space with norm || - ||. For A;, A C F and a real number A, the
Minkowski addition and scalar multiplication, respectively, are defined by

Ay +A2:{a1 +as: a1€A1,a2€A2}7 )\A1:{)\a1: (116141}.

We denote by K(F) the class of all non-empty compact subsets of F. Note that this is not
a vector space. However, it is well known that IC(F') equipped with the Hausdorff distance

a1€A; a2€A2 azE€Az 1

d(Aq, As) = max{ sup inf |la; — asl|, sup in}f4 la ag|}7 A, Ay € K(F),
1

forms a complete separable metric space. The Hausdorff metric is subinvariant, i.e.,
d(Al + A, Ay + A) < d(Al, Ag) for any A1, As, A € ’C(F) (1)

For any subset U of (F), a real number A\ and a set A € K(F) we use the notation
M={\C:CelUandU+A={C+A: CelU}.

A random compact set X in F' is a Borel measurable function from an abstract prob-
ability space (2, F,P) into IC(F'). Since addition and scalar multiplication are defined for
random compact sets it is natural to study the strong law of large numbers, the central limit
theorem, large deviations, etc., for sequences of such random sets; see Chapter 3 in [9] for

© T.Mikosch, Z. Pawlas, G. Samorodnitsky, 2011

70



an overview of results obtained until 2005. A general Cramér-type large deviation result for
Minkowski sums of iid random compact sets was proved in [2]. Cramér-type large deviations
require exponential moments of the summands; see Chapter 8 in Valentin V. Petrov’s clas-
sical monograph [13] for the case of sums of independent real-valued variables and [3] in the
case of more general random structures. If such moments do not exist, then we are dealing
with heavy-tailed random elements. Large deviations results for sums of heavy-tailed ran-
dom elements significantly differ from Cramér-type results. In this case it is typical that only
the largest summand determines the large deviation behavior; see the classical results by
A. Nagaev [10, 11] for sums of iid random variables; cf. [12, 6]. It is the aim of this paper to
prove large deviation results for sums of heavy-tailed random compact sets. In what follows,
we make this notion precise by introducing regularly varying random sets.

Regularly varying random sets. A special element of K(F) is Ag = {0}. In what follows, we
say that U C IC(F) is bounded away from Ay if Ag & clU, where clU stands for the closure
of U. We consider the subspace Ko(F) = K(F) \ {Ao}, which is a separable metric space in
the relative topology. For any Borel set U C Ko(F) and & > 0, we write

U ={A e Ky(F): d(A,C) < e for some C € U}.

Furthermore, we define the norm ||A| = d(A4, Ag) = sup{|la|| : a € A} for A € K(F), and
denote B, = {A € K(F) : ||A|| < r}. Let My(Ko(F)) be the collection of Borel measures
on Ko(F) whose restriction to K(F') \ B, is finite for each > 0. Let Cy denote the class
of real-valued, bounded and continuous functions f on Ko(F) such that for each f there
exists r > 0 and f vanishes on B,. The convergence p, ok in M (ICO(F)) is defined

to mean the convergence [ f1lu, — [ f1u for all f € Cy. By the portmanteau theorem
(15], Theorem 2.4), pi, — p in Mo (Ko(F)) if and only if p, (U) — p(U) for all Borel

n—oo

sets U C K(F') which are bounded away from A and satisfy p(0U) = 0, where OU is the
boundary of U.

Following [5], for the general case of random elements with values in a separable metric
space, we say that a random compact set X is regularly varying if there exist a non-null
measure 1 € Mo (Ko(F)) and a sequence {a, },>1 of positive numbers such that

nP(X € a,) e 1(+) in Mo(Ko(F)). (2)
The tail measure p necessarily has the property pu(AU) = A~ *u(U) for some o > 0 and all
Borel sets U in Ko(F') and all A > 0. We then also refer to regular variation of X with index
«. From the definition of regular variation of X we get ([5], Theorem 3.1)

[P(X € t(K(F)\B.))] 'P(X € t-) — cpu(-) in Mo (Ko(F)) as t — oo, (3)

for some ¢ > 0. The sequence {ay, }n>1 will always be chosen such that nP(X € a,(K(F) \
B1)) — 1. With this choice of {ay }n>1, it follows that ¢ =1 in (3).

n—oo

An important closed subset of K(F') is the family of non-empty compact convex subsets
of F, denoted by co K(F). Denote the topological dual of F' by F* and the unit ball of F*
by B*, it is endowed with the weak-* topology w*. The support function h of a compact
convex A € coK(F) is defined by (see [9])
ha(u) =sup{u(z): x € A}, we€ B".
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Since A is compact, ha(u) < oo for all u € B*. The support function hy4 is sublinear, i.e., it
is subadditive (ha(u+v) < ha(u) + ha(v) for all u,v € B* with u+ v € B*) and positively
homogeneous (ha(cu) = cha(u) for all ¢ > 0, u € B* with cu € B*). Let C(B*, w*) be the set
of continuous functions from B* (endowed with the weak-* topology) to R and consider the
uniform norm || f|lec = sup,ep- |f(w)], f € C(B*,w*). The map h : coK(F) — C(B*,w")
has the following properties

hai+a, =ha, +ha,, hya, = Aha,, A17A2€COIC(F)7 A>0,

which make it possible to convert the Minkowski sums and scalar multiplication, respectively,
of convex sets into the arithmetic sums and scalar multiplication of the corresponding sup-
port functions. Furthermore,

d(Ar, Ag) = [|ha, = hasloo-

Hence, the support function provides an isometric embedding of co K(F') into C(B*, w*) with
the uniform norm. If G = h(co K(F)), then G is a closed convex cone in C(B*,w*), and h is
an isometry between co KC(F) and G.

A random compact convex set X is a Borel measurable function from a probability
space (2, F,P) into coL(F), which we endow with the relative topology inherited from
KC(F). The support function of a random compact convex set is, clearly, a C(B*, w*)-valued
random variable taking values in G.

The definition of a regularly varying random compact convex set parallels that of a regu-
larly varying random compact set above, and we are using the same notation: a random com-
pact convex set X is regularly varying if there exist a non-zero measure p € My (co Ko(F ))
and a sequence {ay },>1 of positive numbers such that

nP(X € ay,-) 2 wu(+) in My (co ICO(F)). (4)
Once again, the tail measure p necessarily scales, leading to the notion of the index of regular
variation.

The following lemma is elementary.

Lemma 1. (i) A random compact convex set X is regularly varying in co K(F) if and only if
its support function hx is reqularly varying in C(B*,w*). Specifically, if (4) holds for some
sequence {ay}, then for the same sequence we have
nP(hx € an-) v v(-) in Mo(C(B*,w")), (5)

where v = p o h)_(l (the “special element” of C(B*,w*) is, of course, the zero function).
Conversely, if (5) holds, then (4) holds as well with n = vohx. In particular, the exponents
of regular variation of X and hx are the same.

(ii) If a random compact set X is reqularly varying in IC(F) then its convex hull co X is
a random compact convex set, that is reqularly varying in co KC(F). Specifically, if (2) holds,
then so does (4), with the tail measure replaced by the image of the tail measure from (2)
under the map A+ co A from K(F) to colC(F). In particular, X and co X have the same
exponents of reqular variation.

PROOF. Since isometry implies continuity, the support function is homogeneous of order
1, and assigns to the “special set” {0} the “special element”, the zero function, the statement
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of part (i) of the lemma follows from the mapping theorem (Theorem 2.5 in [5]). For part
(ii) note that the map A — co A from K(F') to coK(F) is a contraction in the Hausdorff
distance, hence is continuous. It is also homogeneous of order 1. Since the “special set” {0}
is already convex, the statement follows once again from the mapping theorem. O

For compact convex sets in R?, the intrinsic volumes Vi, 3 =0,...,d, play an important
role. They can be introduced by means of the Steiner formula, see [9], Appendix F. In
particular, Vy is the volume, Vy_; is half of the surface area, V; is a multiple of the mean
width and Vi = 1 is the Euler-Poincaré characteristic.

Corollary 1. Let X be a random compact convex set which is reqularly varying in co KC(R?)
with index o > 0 and tail measure p. Then for j € {1,...,d}, V;(X) is a regularly varying
non-negative random variable with index a/j and tail measure v; = p o ijl.

PROOF. Since V; is continuous, homogeneous of order j and V;(A4y) = 0, the continu-
ous mapping theorem (Theorem 2.5 in [5]) yields that V;(X) is regularly varying with tail
measure v; = i 0 Vj_l. Moreover, v;(A\U) = u(‘fj_l()\bl)) = u()\l/jVj_l(Z/l)) = A"y (U)
for any measurable subset I/ of RT.

Organization of the paper. In Section 2 we consider various examples of regularly varying
compact random sets. In Section 3 we prove large deviation results for Minkowski sums S,
of iid regularly varying random compact sets. We allow the random sets to be, generally,
non-convex. To the best of our knowledge, such results are not available in the literature;
they parallel those proved by A. and S. Nagaev [10-12] for sums of iid random variables.
The price one has to pay for this generality is that the normalizations A, of the sums 5,
have to exceed the level n. The situation with milder normalizations is more delicate. It is
considered in [8]. Our main result there assumes that the random compact summands X,
are convex, but we also include partial results in the non-convex case.

2. Examples of regularly varying random sets

Example 1 (Convex hull of random points). Let k > 2, and let &,...,& be iid reg-
ularly varying F-valued random elements with index o > 0 and tail measure v and let
X = co{&,..., &} be their conver hull. The mapping g : (21,...,2k) — cof{z1,..., 2k}
from F¥ to coK(F) is continuous and homogeneous of order 1. Moreover, this mapping
sends the zero point in F* to the “special element” Ay of K(F). Since the random vector
&€= (&1,...,&) is regularly varying in F*, the continuous mapping theorem (Theorem 2.5
in [5]) yields that X is regularly varying with index o, and tail measure 7 o g=* (as long as
we are using the same sequence {a,} for each element &;). Here

k
17:5 g X -+ X 0g XV X dg X -+ X
i=1

(with v appearing at the ith place) is the tail measure of the vector & = (&1,...,&). Clearly,
the convexr hull of k points, one of which is x € F, and the rest are zero points, is the
interval [0,2] = {y € F : y=cx,0 < ¢ < 1}. Therefore, the convex hull X has tail measure
pw=rkvoT™t where T: F — coK(F) is defined by the relation T(x) = [0, x].

Example 2 (Random zonotopes). As in the previous example, let &1, ..., & be iid reqularly
varying random elements in F with index o > 0 and tail measure v. Starting with the same
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ingredients, we construct a different convexr compact subset of F. Consider the Minkowski
sum of the random segments, X = Zle[o,gi], a so-called zonotope.

The function g : (z1,...,2k) — Zle[o, zi] from F* to coK(F) is continuous, homoge-
neous of order 1, and maps the zero point in F* to Ag. The same argument as in Example 1
shows that the random zonotope X is regularly varying with indexr «, and, if we use the
same sequence {a,} as we used for each element &;, has tail measure i = kv o T, where
T: F — coK(F) is as above.

Examples 1 and 2 construct different compact sets starting from a finite number of iid
regularly varying random points in F', but the tail measures in the two cases turn out to be
the same.

Example 3 (Multiple of a deterministic set). Let A C K(F) be a deterministic compact
set such that ||A|| > 0 and let R be a regularly varying random variable with index o > 0,
satisfying the tail balance condition

P(R > z) P(R < —x)

—— —p and ————— — Q.
P(|R| > z) z—o P(|R| > x) a—o0

Then the mapping g : z — zA from R to K(F) is continuous and homogeneous of order 1,
and it maps the origin in R into Ag. Therefore, X = RA is regularly varying with index «.
Recall that the tail measure of R has density (pl{w>0} + ql{w<0})|x|_(1+a) with respect to
Lebesgue measure on R. Using the sequence {a,} that defines the above tail measure on R,
we see that the tail measure p of X can be written as

pU) = / g~ (1) (Plipacuy + ql{—zacuy) 1.
0

Example 4 (Stable random compact convex set). A random compact conver set X has an
a-stable distribution, « € (0,2), if for any a,b > 0 there are compact convex sets C' and D
such that

aX1 +bXs+C L (@™ +b*)/*X + D,

where X1, Xo are independent copies of X ; see [4] and [9], Section 2.3. By Theorem 2.2.1/
in [9], the support function of an a-stable random compact convexr set X is itself an a-
stable random vector in C(B*,w*), hence is reqularly varying in that space (see e.g. [7]). By
Lemma 1, X is a reqularly varying random compact convez set.

It follows from [4] that an «-stable random compact convex set for a € [1,2) must be
of the form X = K + &, where £ € F is an a-stable random element and K € co K(F) is
deterministic.

3. A large deviation result for general random compact sets

In this section we consider an iid sequence { X, },>1 of random compact sets which are not
necessarily convex. We introduce the sequence of the corresponding Minkowski partial sums
Sn =X1+4+ -+ X,, n>1. Next we formulate our main result on the large deviations in
this situation.

Theorem 1. Let {X,}n>1 be an iid sequence of random compact sets which are regularly
varying with index o and tail measure p € Mo(Ko(F)). Let {an}tn>1 be the normalizing
sequence in (2). Consider a sequence A, /" oo such that
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(1) )\n/ann:ooo if <1,

(ii) )\n/nn:ooo, )\n/ann?;O 00, -E[[X1[1qx,1<amy n:;o() ifa=1,
(iii) )\n/nn:Ooo if o> 1.
Then, with v, = [nP(| X1]| > An)]

Y P(Sn € Ans) —> p(-) in MO(’CO(F))'

n—oo

PROOF. First observe that our assumptions and an appeal to [14], Theorem 4.13, yield
that b
AE 44 1Xal) 2 0 (6)

Let U C Ko(F) be a pu-continuity set (11(0U) = 0), bounded away from Ay. We have to prove
that v, P(S, € AMU) — (). Following [6], Lemma 2.1, we start with an upper bound.

For any € > 0,

P(S, € \iUd) =P (S, € MU, Ul {X; € MU} + P (S € MU, N { X & MUY <
<P (X1 € Mld?) + P (N1 {d(Sn, Xi) > eXn}) = [1 + L.

Relation (3) implies that

P(X1 € \y-) .
B S a) o) i Mo(Ko(F)).

Consequently, v,I1 — p(U®) whenever U® is a p-continuity set. Since p(0U) = 0, we have
n—oo
limes o p(Uf) = (). Next we show that, for every e > 0, v,Io — 0. We consider the
n—oo
following disjoint partition of Q for § > 0:

Bi= |J Xl >0x. I1X5] > 0xa},

1<i<j<n

By = [JUIXll > 0An, I1XG1| < 8An,j #4,5=1,... 0},

i=1

By regular variation of X; and definition of ~v,, we have v,P(B1) — 0. As regards Ba,
from (1) we get d(Sp, Xpn) < ||Sn—1]| and accordingly,
P (ﬂ?zl{d(Sn, Xl) > €>\n} N Bg) =

= ZP (NP {d(Sn, Xi) > edn ) N {1 X]| > A0, | X S 0Nnyj #kyj=1,...,n}) <
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Since X is regularly varying and A, 1[|S,|| N 0,
P (| X[l > 0An)P((|Sn—1] > €An) — 0.

For Bs, using again (1), we have

P (i {d(Sn, Xi) > eAn} N B3) < P([[Snal > edn, _max [ X;]| < 0n) <

..... n—1

n—1 ne1
<P(|| X Xitgiason]| > ean) < P(X 1%l gxgony > eha) <
=1 i=1

n—1

< P (1Kl xzonn — BIXilLgxzan) > eh = (0 = DEIX Ly j<on,)-

i=1

By the Karamata theorem [1], for a < 1,

S
" 0An
ElXiltscong = [ PO > ) 1o ~ 2P > 65,

«

Therefore,
(n = DA EI X |1 gx, y<ox,) — 0. (7)

If o« > 1, then (7) follows directly from the assumptions on {A,}. Taking into account (7),
it suffices to show that

n—1
EAn
TP (Z (Xl g x<ony — EIXillLgx<on,y) > 7) 0

i=1

which can be accomplished similarly as in the one-dimensional case by an application of the
Fuk-Nagaev inequality ([14], p. 78) and the Karamata theorem. We conclude that

limsup v, P (S, € Aulf) < p(U°) QM(U)

for any p-continuity set U« bounded away from Ag.

To prove the corresponding lower bound, we consider a p-continuity set U C Ko(F)
bounded away from Ay with non-empty interior intY. Introduce the set U= = ((U)?)C,
where U° denotes the complement of /. It is a non-empty p-continuity set for a sequence of
e > 0 converging to zero. Notice that (/%) C Y. Then

> P(Uy{d(Sn, Xi) < eXn, Xi € MUT7}) >

(n—1)

> 0P (X1 € MU )P (||Snoil] < 2An) = S [P(X1 € Autd )],

Since A-1|[Sn_1]| —— 0 and U is a p-continuity set,
n—oo

liminf 7, P(S, € A\, U) > lim

n—oo n—oo

P(X;e\ld9) n—1 [P(X; € )\nu_a)]z
P(IX> M) 209 [P() X0 > An)]®

= M(U_E)QOM(U)
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This completes the proof.

From Theorem 1 we get by the continuous mapping theorem (Theorem 2.5 in [5]) the
following corollary concerning large deviations of the intrinsic volumes of random compact
convex sets.

Corollary 2. Let {X,}n>1 be an iid sequence of random compact convex sets which are
regularly varying with index o and tail measure p € My (co ICO(Rd)). Under the same as-
sumptions on the sequence {\,} as in Theorem 1, we have

P(V;(Su)/ M, € ) L |
i U Mo(R =1,...
WP > ) otV (i M), =1,

Remark 1. Forj =1 we can also use the relation V1 ( X1+ -+ X,) = Vi (X1)+- - 4+ Vi(Xn),
Corollary 1 and large deviations results for sums of iid random variables [10, 11] in order
to obtain large deviations result for V1(S,). However, for j > 1 similar results are not
straightforward.

The assumptions of Theorem 1 imposed on the normalizing sequence {\,,} ensure that (6)
holds, in particular, A,,/n — oo. If @ > 1, this is a rather strong assumption. In [8] we show

n—oo

that this condition can be weakened significantly if it is possible to introduce the notion of
expectation of S,,. In particular, we will assume that the iid sequence {X,,} consists of iid
random convex compact sets which are regularly varying with index o > 1 and E|| X1 || < oc.

A personal remark of Thomas Mikosch. When I was a student of Valentin V. Petrov
in the beginning of the 1980s I got familiar with large deviations by reading his monograph
[13]. I remember the excitement when I read his proof of Cramér’s theorem for sequences of
independent variables: it is an example of extraordinary mathematical elegance and beauty.
It was also then that I started getting interested in heavy-tail phenomena, in particular in
distributions with power laws. The combination of regular variation and large deviations
has fascinated me since then. I would like to thank Valentin Vladimirovich for opening the
door to this exciting world.
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PE®PEPATBI

VIIK 519.21

Bynuuackuit A. B. lleuTpasibHas npejiejibHas TeopeMa AJIs MOJOXKUTEJIbHO acCOIuUpPO-
BaHHBIX CTAI[MOHAPHBIX ciiy4vaWHbix nmojieit // Becrn. C.-Ilerep6. yu-ta. Cep. 1. 2011. Bpm. 2.
C. 5-13.

IlotoKkuTEIBHO ACCONMIPOBAHHBIE CTAIIMOHAPHBIE CIyYaiiHbIE MOJIsA, 33aHHbIE Ha d-MEPHOIA
[[eJIOYUCTIEHHON pPeIlleTKe, BOSHUKAIOT B PA3JIMYHBIX MOJEJSIX MATEMATHYECKON CTaTUCTUKHU, TEO-
pUH TEPKOJIAIAN, CTATUCTUIECKON (DUBUKK U TeOpum HaJeKHocTh. Hamu paccMaTrpuBaroTCs moist
C KOBAPHMAIMOHHBIMU (DYHKIUSIMH, YAOBIETBOPSIONINME YCIOBUIO OOJtee OOIIero BUIA, 9eM CYMMU-
PYeMOCTb. YCTAHOBJIEH KPUTEPUIl CIIPABEIMBOCTH [eHTPaJsIbHOM npeesbHoil Teopemsl (LIIIT) st
YaCTHBIX CYMM IIOJIsI TAKOTO KJIACCA. DTU CYMMBI OEPYTCS MO PACTYIIUM HAPaJIIETENANeIaM I
Kybam. 3BecTHast runore3a HpioMena 3ak/r09aiach B TOM, UTO JJTsT ACCOIMIPOBAHHOTO CTAITHOHAD-
HOT'O CJIyYaifHOrO TOJIsI YIIOMSIHYTOE YCJIOBUE TOBEJIEHUsT KOBapUalMOHHON (byukiuu Biaever [IITT.
Kak nokazamu H. Xeppugopd u A. Il [Ilamkun, sTa runore3a nHecupaseina yxke npu d = 1. B
JAHHON paboTe BBISBICHA KJIIOUEBasl POJb PABHOMEDPHON HMHTErPUPYEMOCTH KBaJIPATOB HOPMHPO-
BAHHBIX YACTHBIX CyMM ToJist jiyist BbimoHenus: LIIIT. Tem caMbIM OJTy9eHO pacIIupeHre TeopeMbl
JIpronca, mOKa3aHHOM /IS TOC/IEIOBATEILHOCTU CIyYalHBIX BEJUYNH, & TAKKe MOKA3aHO, KAK CJie-
Jgyer Moaudunuposarh runoresy Hbiomena npu jio6oM d. CyliecTBEHHO HCHOJIB3YeTCsl IPEICTaB-
JIEHWE JIUCIIEPCHUIl YaCTHBIX CyMM ITOJIsl C TIOMOIIBIO MeJIJIEHHO MEHSIIOIIUXCs (DYHKIIMI HECKOJIBKUX
apryMeHTOB.

Kmouesvie cao6a: citydaiiHbIe OIS, YCIOBUS 3aBUCUMOCTH, CTAIINOHAPHOCTD, IIEHTPAIbHAS IIpe-
JeIbHAsT TeOpEMa, PABHOMEPHAsI HHTEIPUPYEMOCTb.

Bubmmorp. 14 nazs.

VIK 519.23

Byrtopuuna lO.0., Hukutun 4.10. O GonbHmx yKJIOHEHHUSX CIVIA>KE€HHBIX CTATUCTUK
Koamoroposa—Cwmupsosa // Becrn. C.-Ilerep6. yu-ta. Cep. 1. 2011. Bpmr. 2. C. 14-20.

Wsydgaercs jorapudpmuyeckasi aCUMITOTHKA BEPOSTHOCTEN OOJIBINUX YKJIOHEHUN IS CTATH-
cruk tuna KommoropoBa—CMUPHOBA, IIpeIHA3HAYEHHDBIX JIJIsl IPOBEPKH COTJIACUS U CUMMETPUU U
ITOCTPOEHHBIX HA OCHOBE CIVIAXKEHHBIX SMITMPUIECKUX PYHKIUN pacipeaeaenus. Takue CTaTUCTUKHI
3aBUCAT OT BLIOOpA s/ipa U NIMPUHBI OKHA, U9TO HE [IO3BOJISET IIPUMEHUTH K HUM CTAHIaPTHBLIE Me-
TO/BI U3yUeHUsT OOJIBININX yYKJIOHEHUHN Jjisi CBOOOMHBIX OT PACIIPEIEICHUs CTATUCTUK, OCHOBAHHDBIX
Ha SMIUPHUYeCKUX (DYHKIMAX pacipenesieHus. 1losromy mpumeHsiercss MHOM IOIXOJ, CYIIEeCTBEH-
HOIl 9acTbI0 KOTOPOrO sIBJsieTcsi mcrmoib3oBanme teopembl [lnaxku—IlITeitnebaxa. Oka3biBaercs,
YTO PE3yJIbTaThl HUYEeM He OTJIUYAIOTCS OT cTaTucTuk KosmoropoBa—CMUPHOBA, MTOCTPOEHHBIX 110
OOBIYHON IMIMPUIECKON (DYHKIMHM pPACIpeJeieHusl. DTO O03HAYAET, B YaCTHOCTH, YTO OGaxaiypoB-
CKasl aCUMITOTHYeCKasds d3POEKTUBHOCTD CIVIAXKEHHBIX cTaTuCTUK KosmoropoBa—CMupHOBa TakKe
CcOBIaAaeT ¢ 3(PPHEKTUBHOCTHIO KIIACCHIECKUX CTATUCTHK.

Karoueswie caosa: criakeHHas SMIUPUYIEcKas (DYHKIUSA PACIIPeIe/eHus, O0JIbINEe YKIIOHEHUS,
IpOM3BOsIIAsl PYHKIU MOMEHTOB, crarucTuku KosmoropoBa—CMupHOBA.

Bubmumorp. 15 nazs.

VIIK 519.21

Eropos B. A. O ckopocTu cxoauMocTH K ImyaccoHoBcKomy npoueccy // Becrr. C.-Tlerep6.
yu-Ta. Cep. 1. 2011. Bem. 2. C. 21-28.

Iycrs € = {&1,&2, . . .} — MOCIEI0BATEIBHOCTD HE3ABUCUMBIX OJMHAKOBO PACIIPE/IETEHHBIX MHO-
IOMEPHBIX CeprudecKr CUMMETPUYHBIX CIy4YailHbIX BEKTOPOB, TaKHX, YTO JJIs HekoToporo « > 0,
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« # 1, BBIITOJIHEHO yCJIOBHE
(€] > 2) —27°L%,

riae L > 0 — mocrositHHAST.

B crarbe ompenesieHo cnenpanbHoe [p-pacCcTOsTHUE MEXKJIy TOUYEHHBIMU CIYYailHBIMU IIPOIEC-
camu. [lokazaHO, 4TO OIpe/E/IEHHYIO BBIIIE MOCIEIOBATEILHOCTD CIYUYaiiHBIX BEKTOPOB &, COOT-
BETCTBYIOIIME OMHOMUAJIbHBIE TOUYEYHBIE IIPOIECCHI U MPEJIEIbHBIA IIyaCCOHOBCKHIA MPOIECC MOXKHO
pean30BaTh Ha OJHOM BEPOSITHOCTHOM IPOCTPAHCTBE TAKUM OOpPa30M, UTO C BEPOSITHOCTBHIO €JU-
HALA [p-PACCTOSIHUS MEXK/1y OMHOMMAJIBHBIMU ¥ IIYACCOHOBCKHM ITPOIECCAMU CTPEMSITCS K HYJIIO.
Tlonydena npocras oreHKa CKOpoCcTH yObIBAHMS STUX PACCTOSHUI. B KadecTBe ciefcTBUs 1MOJTyde-
Ha, OIlEHKa CKOPOCTHU CXOJMMOCTH CyMM HE3aBUCHUMBIX CJIyYaflHBIX BEKTOPOB K COOTBETCTBYIOIIEMY
YCTOMYUBOMY CJIy9ailHOMY BEKTOPY.

Karouesvie cao6a: yacCOHOBCKUI MPOIECC, GMHOMUAIBHBIA TOYEYHBIN IMPOIECC, YCTONINBOE
pacripejieienue, 0bJIacT IPUTSIKEHUs, [,-MEeTPUKHY, [IPeJe/IbHbIE TEOPEMbI TEOPUH BEPOSITHOCTEI.

Bubnunorp. 8 Hass.

VIIK 519.21

Baitnes A.10. O ckopocTtu y6opiBaHus (PYyHKIMI KOHIIEHTPAIMN N-KPATHBIX CBEPTOK Be-
positHOCTHBIX pacnpenesnenuii // Becrn. C.-Ilerep6. yu-ta. Cep. 1. 2011. Bpm. 2. C. 29-33.

Ilonyden caenyronwmit pesysibraT o noBegeHnn OYHKINNA KOHIEHTPAINN N-KPATHBIX CBEPTOK Be-
POSAATHOCTHBIX pactpeseneanii. [lycts ¢(n) — Ipou3BoIbHAS TIOCIEI0BATEIHFHOCTD, CTPEMANIAAC K
GECKOHEIHOCTH IIPH 7, CTPEMSIIIEMCS K GeCKOHeTHOCTH, & 1)(T) — Npon3BosbHAA DYHKIMS, CTPEMSI-
masicst K GeCKOHEYHOCTH IIPH &, cTpeMsIneMcs K beckoneunocTu. [lokazaHno, 9To Torja cymecrByer
TaKOe BEPOSITHOCTHOE pacupejesenue F' ciaydaiinoit Besmanubl X, 970 GECKOHEYHO MaTEMaTHIECKOe
oxunnanne E (] X|), npuaem BepxHUMI npeesn mocaeaoBaTeabHoCTH /1 p(n) Qn paBeH GecKoHEH-
HOCTH, T1Ie (Qy, — MAKCHMAJIBHBII aToOM N-KpaTHOW cBepTKM pacupeneienust F. Tem cambiMm, Huka-
KPe yCJIOBUsI OECKOHETIHOCTH MOMEHTOB HE MOIYT OOECIIEUHUTH CYIIECTBEHHO 0ojiee GLICTPOro, uem
o(n~Y/?), yGrianus byHKIME KOHIEHTPAIIN N-KPATHBIX CBEPTOK.

Karouesvie crosa: GYHKIMU KOHIIEHTPAIINHT, N-KPATHbIE CBEPTKH DACIIPE/ICJIEHUIT, OIEHKN CKO-
pocTH yObIBAHUS, CYMMBbI HE3aBHCHMBIX OJMHAKOBO DACIPEJE/IEHHBIX CJIYIalHbIX BEJUYIHH.

Bubmmorp. 28 nazs.

VIIK 519.23

Noé6parumos . A. Ilepuoauueckne cranmoHapHbIe MPOIlECChl 1 HepaBeHCTBO Bunorpa-
nosa—Iloita // Becrn. C.-Tlerep6. yu-ta. Cep. 1. 2011. Bom. 2. C. 34-42.

IIpenmararorcsa HepaBeHCTBa JIsi MOMEHTOB MaKCHUMyMa CYMM 3JIEMEHTOB CJIyYaifHON CTaIno-
HapHOIT ocsrejoBarenbaocTH. OHIM U3 CIIEACTBUN JOKA3aHHBIX HEPABEHCTB sIBJISIETCS HEPABEHCTBO
Bunorpamosa—TIloita o cymmax xapakrepos dupuxiie.

Karoweswie caosa: cranimoHapHble Iporeccsl, HepaBeHncTBo Bunorpagosa—Iloita, xapakrepst lu-
puxJie.

Bubsmorp. 4 nass.

VIK 519.23

Hepsopos B.b. O HeKOTOpPBIX pPErpecCMOHHBIX COOTHOMIEHUSX, CBA3BIBAIOIINX BBIOO-
poYHble cpeaHue U mnocijenoBareibHble MakcumyMbl // Becrn. C.-Ilerep6. yu-ta. Cep. 1.
2011. Bemm. 2. C. 43-47.

B mocmennne rompr mosiBusinch paboOThI, B KOTOPBHIX OBLIM IOJYYEHBI XaPAKTEPUBAIUHU PsiIa
pacupeiesieHnii PErpecCUOHHBIMU CBOCTBAMHU MOPSIAKOBBIX CTATUCTUK.

B wacraoctn, B 2002 romy 6butH mpeCcTaBIEHBI XapakTepu3anun ta-pacunpeaenenns CTbomeH-
Ta JINHEHHBIMYU PErPeCCHOHHBIMU COOTHOIIEHUSIMY, BKJIIOYAIOIIMMY BBLIOODOYHYIO MenuaHy Xo 3 U
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BBIGOpOYHOE cpesHee T3. [To3ke 6GBLIM TPUBE/IEHBI AHAJOTUYHbBIE PE3YILTATHI U JJIsi BBIOOPOK 6OJIb-
mrero oobeMa. Bbumn mostyweHbl XapakTepu3anun CeMeRCTB pacIpeIeIeHn i, BKIIOIAKONINX ta-pac-
npefieJieHre. JTH XapaKTEePU3AIMH ObLIA OCHOBAHBI, B YACTHOCTHU, Ha JIMHEHHBIX PErPECCHOHHBIX
COOTHOIIEHHAX, CBA3BIBAIONINX BBIOOPOYHBbIE CpelHMe 1bj41 W BBIOOPOYHBIE MeauaHbl Xj41,2k+1,
k=1,2,....

B 2005 romy mmst BeIOGOpOK obObema 3 OblLia MOJydeHa XapaKTepu3alus ta-paclipeie/IeHus,
OCHOBaHHAasi Ha PErpecCHOHHBIX CBOMCTBaX IIOCJEIOBATEIbHBIX MakcumymoB M; = Xi, M> =
maX{X1,X2} n M3 = maX{Xl,XQ,Xg}.

B cBs3u ¢ sTuMmm pesysnbpraramMu Ay MaKCHUMAJIBHBIX MOPSIKOBBIX CTATUCTHUK IPEICTABIISET
WHTEPEC UCC/IeoBaTh Npu k < r COOTHOIIIEHUS, B KOTOPBIX (DUTYPUPYIOT MOCJIEI0BATETbHBIE MaK-
CAMYMBI U BBIOOPOYHBIE CPE/IHIE BUIA

E(Mg|M, =2)=0cx+a mu.

E(Ty|M, =2) =0x+a numH
Takoro pozma JimHeiHbIE perpeccun pacCMOTPEHBI W HANEHBI CeMeiiCTBa pacIpeesieHnil, XapaKTe-
PU3yeMBbIX JIAHHBIMUA COOTHOIIIEHUSMU.
Kmouesvie carosa: xapaKTepU3aIuy paclpe/ie/IeHuil, IIOPsIKOBbIE CTATUCTHKY, II0CIIE0BATE b~
HBbIE MAKCUMYMBbI, BELIDOPOUYHbBIE CPEIHUE, JUHEHHBIE PErPECCUH.
Bubmunorp. 6 nass.

VIK 519.2

Pososckuit JI. B. Masnble yK/JIOHeHNsIT MaKCHMMAaJIbHOTO 3JIEMEHTA II0CJIe0BATEIbHOCTU
B3BEIIIEHHBIX HE3aBUCUMBIX ciydaiiubix BeauduH // Becrn. C.-Ilerep6. yu-ta. Cep. 1. 2011.
Bemm. 2. C. 48-54.

PaccmorpuM nocienoBaTeabHOCTb { X} HE3aBUCHMBIX KOIMI HEOTPULATEIBHON CiIyYaiiHoil Be-
srauser X u nookum M = sup;~; Aj X, tiie {;} — HexoTopasi 1moc/e/[0BaTe/IbHOCTL HeBO3PAcTa-
FOIIUX [OJIOXKUTEJBHBIX uucest, Takast uto P(M < oo) = 1. B pabore usydaercss aCUMITOTHYIECKOE
nosegenue —log P(M < r) upu r — 0.

Ionobuas 3amada paccMATPUBAIACH DaHEE JJIsl BECOB {\j} HEKOTOPOrO CIIENUAILHOTO BHUA.
MBI nospo6GHO nccieyeM JJOCTATOYHO BaXKHBIA M obwmmii ciydail, B koropom — log P(M < r) upn
r — 0 UMeeT ABHYIO aCUMIITOTHKY.

Karouesvie caro6a: Masible YKIOHEHUSI, MAKCUMAJILHBINA JIEMEHT, HEOTPULIATEIbHbIE CJIyJaliHbIe
BEJINYMHBI, MEIJIEHHO MEHSIIOIMecs: (pyHKIUH, IPABUILHO MEHSIIOIHecs: (pyHKIUN.

Bubmumorp. 4 nass.

VIIK 519.21

Delaigle A., Hall P. Theoretical Properties of Principal Component Score Density
Estimators in Functional Data Analysis // Becrn. C.-Ilerep6. yu-ta. Cep. 1. 2011. Bpmm. 2.
C. 55-69.

AHau3 rJIaBHBIX KOMIIOHEHT UI'PAET KJOYEBYIO POJIb NPH HCCJIEI0BAHUN (DYHKIIMOHATBHBIX
JAHHBIX XOTsI ObI MMOTOMY, 9YTO ITOT METOJ JAeT 3HAYNTEJIbHBbIE BO3MOXKHOCTHU IIPH PEIyIIUPOBaA-
HUM OECKOHEYHOMEPHOH MpOOJIEMBI B COOTBETCTBYIOIIYIO 3aady B IPOCTPAHCTBE KOHEYHON pas-
mepHocTH. OH Tak»Ke MMO3BOJISIET MMOHSIThH, KAKUE U3 PAa3HOOOPA3HBIX CBOMCTB pacIpe/ie/ieHns (pyHK-
[MOHAJIBHOTO O0BEKTa JOCTYIHBI UACHTHMDUKAIINN 110 HAOIOeHNSAM (DYHKIIHOHAIBHON BBIOOPKH.
Hexkoropsie n3 3Tux CBONWCTB MOTYT OBITH BBIDAYKEHBI B TEPMUHAX KOI(DMUIIMEHTOB PAa3JI0KEHUS 110
IJIABHBIM KOMITOHEHTaM. [Ipy mX MCCIe0BaHUM MMOJIE3HO 3HATH THUIIBI PACIPEIEIEHNi STUX KO3(D-
GbUIMeHTOB, HAIPUMED, THIBI IIOTHOCTEN 3TuX pacupezaenenuit. B 2010 r. aBropamu ObLIH TpEI-
JIOXKEHBI METOJIbI JIJIsl OIIEHUBAHUSI 3TUX IIJIOTHOCTEN U CHOPMYJIUPOBAH TEOPETUYIECKUN PE3yJIbTAT,
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YTBEP2KJAIOIIHIL, UTO PEIJIOXKEHHbIE OIEHKY IIJIOTHOCTH ACHMITOTHYECKH SKBUBAJIEHTHBI (B CMBIC-
JIe TIEpBOrO WJIEHA ACUMIITOTHKH) CBOMM <HJICAJIbHBIMY» JIBOHHMKAM, IIOCTPOEHHBIM TaK, KAK €CJIHU
Obl ObUIM U3BECTHBI IVIABHBIE KOMIIOHEHTBHI ¥ COOTBETCTBYIOIIME COOCTBEHHBIE YHCJA, B OTJIMYNAE OT
PEeaJIbHBIX OLEHOK, NCIOJIb3YIOIIMX 10 HEOOXOAMMOCTH OIIEHKHU 3TUX 06beKTOB. B Hacroseit pabore
JlaeTcst JIOKA3aTeIbCTBO 9TOH 9KBUBAJIEHTHOCTH.

Karowesvie caosa: mupuHa OKHA, IJIOTHOCTD, OllEHUBaHIe, COOCTBEHHbIE (DyHKIUN, COOCTBEHHBIE
4ancia, paznoxkenne Kapynena—Jlossa, siepHble METOIBI, CIIEKTPAJIbLHOE [IPECTaBIICHNE.

Bubmunorp. 6 Hass.

VIK 519.2

Mikosh T., Pawlas Z.,, Samorodnitsky G. Large deviations for Minkowski sums of
heavy-tailed generally non-convex random compact sets // Becrn. C.-Ilerep6. yu-ra. Cep. 1.
2011. Bemm. 2. C. 70-78.

Ciy4aifHble MHOXKECTBA C «Ts?KEJIBIMA» XBOCTAMU BO3HUKAIOT €CTECTBEHHBIM OOpa30M B pas-
JINYHBIX CUTYyalUsiX. B cTarbe paccMaTpuBalOTCs OOJIbIINE YKJIOHEHHs CyMM MMWHKOBCKOIO TaKHUX
MHOXKECTB. [IpUBOINTCS Psijl IPUMEPOB CIIyYARHBIX MHOYXKECTB C «TIXKEJIBIMU» XBOCTAMU U JIOKA3bI-
BAETCs COOTBETCTBYIONIUI IPUHIAIL JJis GOJIBINNX YKJIOHEHWIA.

OCHOBHO Pe3yJIbTAT CTATHU YCTAHABIUBAECT ACUMIITOTUKY BEPOATHOCTEH GOJIBIINX yKIOHEHUH
DU YCJIOBUU PETYJIIPHONO U3MEHEHUsI XBOCTOB WHIUBU/YyATbHBIX CJIATAEMBIX U JOCTATOYHO eCTe-
CTBEHHBIX YCJIOBUSIX Ha HOPMHUPOBKY. TeM caMbIM JIEMOHCTPHPYETCSI, YTO TEOPHUS «TAXKEBIX» XBO-
CTOB IPUMEHUMA ¥ JIJIsI CJIY YAHHBIX MHOXKECTB: 9KCTPEMaJIbHbIE 3HAYEHUSA CYyMM IOSBJIAIOTCS C OOIb-
IOH BEPOATHOCTHIO BJIArofiaps IKCTPEMAJILHOMY 3HAYEHUIO OJHOTO U3 CJIATAEMBIX.

Karouesvie caosa: Cymvbl MUHKOBCKOrO, CiIydaiiHble KOMIAKTHBIE MHOXKECTBA, BEPOSITHOCTH
OOJIBIIUX yKJIOHEHUIA.

Bubmmorp. 14 nazs.

VIIK 531.36:62-50

Axaypuu D.I. Yopasaenue KoneGaHNsIMHA MasiTHUKA C IEPEMEHHBIMU I1apamMeTpamu //
Becrn. C.-Iletep6. yu-Ta. Cep. 1. 2011. Bpm. 2. C. 79-85.

B pabore paccmarpuBaroTcs ABe 3aadud yIpaBIeHUsT KOJEOAHUSIMU MAsTHUKA: PACKAdKa €ro
[y TéM M3MEHEHNUs] JUIMHBI (UJIH [I0JI0’KEHNUST IIEHTPA TSIZKECTH ) U PACKAYKA [y TEM M3MEHEHHUsI II0JI0Ke-
HUsl TOYKHU TOJBECA. B KadecTBe 1eJid yIIPaBJIeHUs PACCMATPUBAETC TPUOJINKEHNE K HEKOTOPOMY
MHBAPUAHTHOMY MHOXKECTBY B IPOCTPAHCTBE COCTOSIHUN CHCTEMBI, & B KAIECTBE IMOJXO/a K perle-
HUIO MCIIOJIB3YETCsI METOJT CKOPOCTHOrO rpajineHTa. IlosryueHHbIe pe3ysibraThl TO3BOJISIIOT HANTH Ty
061aTh HaYa/IbHBIX JIAHHBIX U [IaPAMETPOB, B KOTOPOi crucTeMa 00/Ia1aeT YKEJIAEMbIMU CBOMCTBAMU.

Karowesvie caosa: MasiTHUK, yIIPABJIEHNE, METOJ, CKODOCTHOI'O I'PAJIMEHTA.

Bubmumorp. 7 nass. Wi. 2.

VIIK 519.165+168

I'pauesa II. B. MeTos AUCKpPETHON ONTMMHU3AIMMA HA OCHOBE IApaMETPU3AIAu TI'Pac-
CMaHMaHa B MHOIOMEPHOM CTPYKTYPHUPOBAHUU JUXOTOMUYECKHUX IJaHHbIX // Becrn.
C.-Ilerep6. yu-ta. Cep. 1. 2011. Bem. 2. C. 86-94.

Paccmarpuaercs pererne mpo6eMbl OOJIBITIOTO BBIYUCIUTETLHOIO BPEMEHH B 3a/1a9€ MHOTO-
MEPHOTO CTPYKTYPUPOBAHUS JIUXOTOMUIECKUX JTAHHBIX Ha OCHOBE aareOpamvdecKux CBONCTB KOHEU-
HBIX reoMmerpuil. IIpemiaraercss BeKTopHas napamerpusanus rpaccmanunana Gra(k,n), mospossio-
mast MUHIMU3UPOBATh 00bEM HCIOIb3YEMOM MaMSTH U COKPATHTH KOJUIECTBO ONEPAInii B TAHHON
3ajiage. CTPOUTCST aJlrOPUTM, OCHOBAHHBIM Ha 9TOH MapaMeTpU3alliu U KOJupoBaHuu I 'pest, KOTO-
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pbIii IO3BOJISIET UCIIOJIB30BATh MAPAJIIEJIbHBIE BBIYUCIEHUs! JIJIsl TAJIbHERIIEro COKPAIEeHNUsT BbIUNC-
JINTEJILHOIO BPEMEHH.

Katouesvie cro6a: arpernpoBaHye HHMOPMALUN, KATErOPHAJIbHBIE JaHHBIE, IapaMeTPU3AIHs
IpacCMaHNaHa, COKPAIEHNE BbIYUCIUTEIBHOIO BDEMEHH.

Bubsmorp. 11 nass.

VK 519.214.4

Teprepos M. H. O npenesbHOM MoBegeHUN IIPUPAIEHUN CyMM HE3aBUCUMBbIX CJIydJaii-
HBIX BEJINYUH U3 00JIacTell MPUTSIXKEHUSI ACUMMETPUYHbBIX yCTOWYNBBIX pacnpenesieHuii
// Bectu. C.-Ilerep6. yu-ta. Cep. 1. 2011. Bem. 2. C. 95-103.

WccmenoBano acuMITOTHYECKOE MTOBEIEHNE NPUPAIIEHUI CyMM HE3aBHCHMBIX OJIMHAKOBO pac-
LIPEe/IeJIEHHBIX CJIyYaifHbIX BeJIMYIMH ¢ JnHOM npupamennit (log n)P. 3akoHbI, OnuchIBaOIMe IPUPa-
MIEHUs TAKOH JJIMHBI, ABJISIOTCS IIPOMEXKYTOUHBIMU MK, Ty 3akoHamu 1épré—Peseca (s 6oabmmx
JUIMH TIpUPAIleHnii) n 3akoHaMu Dpaéma—PeHbr (1151 MasbIX JJIMH npupanienuii). [losyden Ho-
BBII Pe3yJIbTAT JJIsl CIyYaHBIX BEJIUYUH U3 00JIACTH HOPMAJIBHOIO IPUTSIXKEHUST aCUMMETPUIECKUX
YCTORYMBBIX 3aKOHOB ¢ mapamerpom « € (1,2).

Karoueswie cro6a: mpesesibHbIE TEOPEMBI, IIPUPAIIEHNAST CYMM HE3aBUCHUMBIX CJLyYailHbIX BeJIN-
9WH, 3aKOHBI Jp/éma—Penbn.

Bubnunorp. 7 Hass.

VIIK 519.71

Yupkos M.K., [lTesuenko A.C. KoneuHno-HecTarimoHapHble HeJeTEMUHUPOBAHHBIE AB-
TOMAaTHI cO ciay4daiiabiM BxoaoMm // Becrn. C.-Ilerep6. yu-ta. Cep. 1. 2011. Bemr. 2. C. 104-115.

Pabora mocssiiena mccie10BaHUI0 CBOACTB OOOOIEHHBIX KOHEYHO-HECTAIIMOHAPHBIX, 3a/1aBae-
MBIX HaJ| OyJIeBOW PEIeTKON HeJIeTEPMUHUPOBAHHBIX aBTOMATOB C JIOMOJTHUTE/BHBIM CJIyYaiHBIM
BXOJIOM, KOTOPBIE CBSI3aHBI C OIPEJEJEHUEM KJIacCa SI3bIKOB, MPEICTABJISIEMbIX TAKUMH ABTOMAT-
HBIME MOJIe/ISIMU. BBeIeHbI HOBBIE TTOHSTUS 00 JIEMEHTAPHON HEIeTEPMUHUPOBAHHON aBTOMATHBIN
CTPYKTYPE CO CIIydailHbIM BXOJIOM, 006 0GOBIIEHHOM KOHEYHO-HECTAIMOHAPHOM HEJIeTEPMUHUPOBAH-
HOM aBTOMATE CO CJIy9aflHbIM BXOJOM, 00 MHIYIIUPYEMOM UM OOOOIIEHHOM OTOOPAXKEHUM U O TP~
CTaBJISIEMOM TaKUM aBTOMATOM OOOOITIEHHOM sI3bIKe. JloKa3aH psiji yTBEpKAeHMIT, 0O0CHOBBIBAIOTIIIIX
MIPOIECC CUHTE3a JIJIsI JIFOOOr0 33 1aHHOTO 0O00IIIEHHOIO KOHEYHO-HECTAIIMOHAPHOTO HEJIETEPMUHIPO-
BAHHOTO aBTOMATa, CO CJIYyYaHBIM BXOJIOM, SKBUBAJIEHTHOTO €MY IO MIPE/ICTABISIEMOMY OOOOIIEHHO-
My BEPOSITHOCTHOMY $3BIKY CTAIMOHAPHOrO abCTPAKTHOIO BEPOATHOCTHOTO KOHEYHOTO aBTOMATA.
Tlostyuena orneHka 4Yncia COCTOSTHUI CUHTE3UPYEMOr0 BEpOSITHOCTHOTO aBTOMATa U pa3spabOTaH Io-
JPOOHBIN aJIrOPUTM TAKOIO CHHTE3a, IIPOJIEMOHCTPUPOBAHHBIN HA IPUMEDE.

Karouesvie ca06a: BEPOSITHOCTHBIE ABTOMATBI, BEPOSITHOCTHBIE SI3BIKU, KOHEYHO-HECTAIMOHAD-
HBIE HEJIETEPMUHUPOBAHHBIE ABTOMATHI, MOJETUPOBAHNE BEPOSTHOCTHBIX SI3BIKOB ABTOMATHBIMHU MO-
JEJISIMU CO CJIYIalHBIM BXOJIOM.

Bubmunorp. 9 wazs. Un. 1. Tabu. 2.

VK 531.3:534.013

Boikos B.T., Mesbuukos A. E. ABromarndeckasi 6ajiaHCUpOBKa JUCKA HA TMOGKOM Mac-
cusuoM Basty // Becrn. C.-Ilerep6. yu-ta. Cep. 1. 2011. Bem. 2. C. 116-126.

Ha ocHoBe BBeieHmst 0600ITEHHBIX JTATPAHYKEBBIX KOOPAMHAT, YIUTHIBAIONINX (POPMBI KOJIEOaHMIT
YIPYTOro Teja, IIOCTPOEHA HOBasl MaTeMaTHUYeCKasl MOJIEJb HEYyPaBHOBEIIEHHOr0 M'MOKOro poTopa ¢
pacIpeiesIeHHOM MAacCoi, OCHAIIEHHOTO MAPOBBIM aBTOOAJIAHCUPYIOMIMM YCTPONCTBOM. BhiBeeHbI
CcHUCTeMBbI OOBIKHOBEHHBIX UM DEPEHITNATbHBIX YPABHEHNI B KOMIIJIEKCHON (DOPME, OIMUCHIBAIOITNE
JIMHAMUKY POTOpPa KaK B HEIMOJBUXKHOIN, TaK M BO BPAIIAIOIIEcs: cucreMax KoopawHat. [losryde-
HBI YCJIOBHUsI CYyIIECTBOBAHUS CTAIIMOHAPHBIX PEXKMMOB M AHAJUTHIECKUE (DOPMYJIBI IJIs pacdera
AMILIATYTHO-9ACTOTHBIX M (Pa30-4aCTOTHBIX XapaKTEPUCTUK HECOAJTAHCUPOBAHHBIX CTAIIMOHAPHBIX
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pexkumoB. [IpoBejieHo uccilefoBaHue yCTONYNBOCTH COAJIAHCUPOBAHHOIO CTAIMOHAPHOIO DEXKHMA.
Pesynprarer pacdaeroB mo JaHHON MOJEIN CPABHUBAIOTCH C PE3yIbTATAMM, MOJIYIEHHBIMHU /I MO-
JIeJTH POTOPa C HEBECOMBIM BAJIOM.

Kmouesvie caosa: rubKuii poTop, aBTOOATAHCUPYIOIIEE YCTPORCTBO, 0000menHbIe JlarpankeBbl
KOOP/IMHATHI.

Bubmunorp. 8 mass. Ua. 9. Tabu. 1.

VIIK 539.3

Nomauua E.H., ITono3 M.B. Buomexanndeckoe MoJeMpOBaHUE BO3PACTHBIX H3Me-
HeHUl akKoMozaumu riiasa vesioBeka // Becrn. C.-Tlerep6. yu-ta. Cep. 1. 2011. B, 2.
C. 127-132.

B pamkax 6momexaHn4YecKoil MOes IJ1a3a W3yYeHbl BO3PACTHbIE N3MEHEHMSI MEXaHW3Ma aK-
KOMOJIAINY, 3aBUCUMOCTH O0bEMa AKKOMOJAIMHM OT BO3PACTa, IIPOBEIEHO CPABHEHHE DPACUETHBIX
pe3yJbTATOB C KIMHUYECKNMH JAHHBIMA. UMCJIEHHOE MOJIeJIMPOBaHUe IIPOBOJIMIIOCH METOJO0M KO-
HeuHbIx 3eMeHTOB (ANSYS). ITokasaHo, 94TO ¢ BO3pacTOM, KOIJa YKECTKOCTb s/Ipa XPYyCTAJIUKA
CTAHOBUTCS OOJIBIIIE, Y€M YKECTKOCTh €r0 KOPbI, XPyCTaJuK TEePsie€T CBOIO HOPMAJBHYIO (hOpMy H
1eOPMAIMOHHYIO CIIOCODHOCTB, BCJIEJICTBUE Yero obbeM aKKOMOJAINMU IIaJIaeT, & caM aKKOMOJa-
[IMOHHBIA MEXaHNU3M U3MEHSIETCsI: [IPEJIOMIISION[As CUJIA 1J1a3a IPU AKKOMOJAIMOHHOM HAIIPSI?KEHUN
NMJIMAPHON MBINIILI OKA3BIBAETCS MEHbIIE, YeM [IPU ee Paccab/IeHun.

Karovesvie crosa: akKOMOIAIMsI, XPYCTAJIMK, YUCIEHHOE MOZEJIMPOBAHME.

Bubmunorp. 19 naszs. M. 4.

YIK 539.3

Kapammuna JI. A. O gedopmanmu aByXCJIOHHON TpaHCBEPCaJIbHO-U30TPOIHONI cdepu-
4deckoii o6osiouku // Becru. C.-Ilerep6. yu-ra. Cep. 1. 2011. Bem. 2. C. 133-138.

B nmanHO# paboTe IOCTPOEHO pelleHne 330a9u O aedopManuy TOHKON ynpyroil cdepudeckoii
000JIOUKH, COCTOSINEN M3 JIBYX TPAHCBEPCAJIHLHO-U30TPOIHBIX CJIOEB, MOJ JACHCTBHEM BHYTPEHHETO
U BHEIIHEro JaByieHusl. KaxKIplil cj10ii mpecraBiisier coboit TPaHCBEPCAIBHO-U30TPONHYIO cepu-
9eCKyI0 000JIOUKY C Pa3/IMIHBIMU OnoMexaHudeckuMu cBovicrBamu. [Ipenmosmaraercss, ¥To mmeercs
JKEeCTKUN KOHTAKT Ha IIOBEPXHOCTHU CONIPAXXKEHUA CJIOEB. BBO,I[I/ITCH HEU3BECTHOE yCUujane B3a,I/IMO,I[eI>JI—
CTBUA MEKJY CJI0dAMU, KOTOPOE OIIpe/esisdAeTCda U3 yCJIOBI/Iﬁ COIIPpA2KEeHUd CJIOEB II0 II€peMelleHUAM.
st ompeiesieHnst HANPSZKEHHO-1e(DOPMUPOBAHHOTO COCTOSHHUS ODOJIOUKY HCIIOIB3YIOTCS yPaBHE-
HUSI TPEXMEDPHOI TEOPUHU YIPYTroCcTU B cepriecKnX KoopanHaTax. KacareabHble HAPSXKEHUS HA
[TOBEPXOCTH KOHTAKTa MUMEIOT pa3pbiB. Haitjen koadduipent, xapakTrepusyouii BeJIMIHHY 3TO-
ro paspbiBa. Pacmpeesienns nepeMeniennit u HAPS2KEHUI 110 TOJIIIUHE JIJIsT KOHKPETHBIX 3HAYEHU I
YIPpYruxX NOCTOAHHBIX U JaBJICHUA IIPEICTABJICHBI B BUIE FpaCbI/IKOB. HaI./JI,ILeHI)I MNU3MEHEHUA TOJIITUHBI
CJIOEB IIPU PA3JIMYHBIX 3HAYCHUAX MOJYJIA }OHFaA

Kaouesvie caosa: nByxcioiinas cdepudeckass 060I049Ka, TPAHCBEPCATHLHO-H30TPOIHBIE CJIOH,
Pa3pbIB TaHI'€HCAJIbHBIX Ha.l'[pSI}KeHI/II‘/’I7 pacipeaesenud HaHpH}KeHHﬁ u HepeMeHLeHI/IfI IIO TOJIIIIUHE.

Bubmunorp. 5 mazs. Ua. 6. Tabu. 1.

YIK 533.6.07:534

Jliocuu B. /1., Pabuuaun A. H. VicciienoBanue BiausiHUS yAJMHEHHUS IIPU3MbI HA €€ a’3po-
AUHAMUYECKUE XapaKTePUCTUKU U AMIUINTYAy KoJsieGauuii npu rasionuposanum // Becrn.
C.-Ilerep6. yu-ta. Cep. 1. 2011. Bem. 2. C. 139-145.

PaccmarpuBaercs maremarmueckasi MOJIENb TAJIOMUPOBAHUS MPU3MBI, YIPYTO 3aKPEIICHHOM
B IOTOKE ra3a, B KBAa3UCTATUIECKOM MPHUOIMKEHUU. B [03BYKOBOI a’dpOIMHAMUIECKOU Tpyde
[TOJIyY€HBbl 3aBUCHMOCTH a3POJIMHAMUYECKUAX KO3(DDUIMEHTOB HOPMAJILHON CHJIBI OT yIJIa aTaKu
JJIsT HECKOJIBKUX HIPU3M PAa3/IndHOro yinuHenus. IIpemjioxkena nHoBast MyHKIUS ISl AlllIPOKCAMA-
nuu 3Toi 3aBucuMocTH. [lokasano, 4TO HjIs IPU3M MAaJIOrO y/JIMHEHUs IpejjiaraeMasi (yHKIN
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JIydllle, 4eM paHee HCIOJIb3yeMble, allllPOKCUMUPYET IKCIEPUMEHTAIbHBIE 3aBUCUMOCTH. MeToaom
KpsrioBa—bBoromo6oBa moydensr 3aBUCHMOCTH aMILTUTYAbI KOJIeOAHUI TPU3M OT CKOpocTr Habe-
raforero noroka. OKa3ajaoch, 4TO aMIIUTY/Ia YCTAHOBUBINUXCSA KOJIeOaHUN pu GOJIBINON CKOPOCTH
IIOTOKA BO3PACTaeT C yBeJudeHueM yinmHeHust or 1 g0 10 u ymeHbIlmaeTcst pu JajbHeIneM yBe-
JIMYeHnn yummHeHnss. Kpurudaeckasi CKOPOCTb MOTOKA YMEHBIIAETCA ¢ pocToM yajuHenus: 10 10, a
3aTeM yBesumumBaeTcdA. st Bcex MpPM3M CyMIECTBYIOT OOJIACTH THCTEPE3NCa, B KOTOPBIX YCTONYIU-
BBIMU SIBJISIFOTCsI JIBA PeIlleHNs] YPaBHEHUI, ONUCHIBAIONINX YCTAHOBUBIMECs Kojebanusi. Kpuruyae-
CKasl CKOPOCTDb [IJIsI TPU3M MAJIOTO YJIIMHEHUsI sIBJISIETCS MPABOM TrpaHUIeil 006/IaCTH THCTEPE3UCA.
OcHailrenne mpu3M KOHIIEBBIMU MIaiidaMu, TPENSTCTBYIOMUME IEPETEKAHUIO BO3/yXa U€Pe3 TOPIIHI,
U3MeHsIeT KO3 (DUIIMEHT HOPMAJIBHOM CHJIBI B 00JIACTH MAJIBIX YIJIOB aTaku. KpuTndeckasi CKOpOCTb
YMEHBINAETCS, YMEHBIIAETCA TAKXKE JUANA30H CKOPOCTEH MIOTOKA, B KOTOPOM CYIIECTBYET T'HCTEepe-
3uc. JleBast rpanuria objacTu rucrepesnca OOJIbIE KPUTUIECKOH CKOPOCTH.

Karoueswie caosa: adpoguHaMudeckuil KO3 OUIMEHT, MaJoe y/JINHEHIe, TaJONupOBaHue, I'i-
CTepe3nc, MaTEMAaTUIEeCKas MOJEb.

Bubmunorp. 15 mazs. Ua. 5. Tabn. 1.

VK 532.542, 621.22, 62.567.2

Cunuabrmukos B.b. ®eHomeHosornveckasi MoaeJjib HECTAIIMOHAPHOI'O TeYeHust cjaabo-
cxkuMaeMoil xkuakoctu yepe3 apocceib // Becrn. C.-Tlerep6. yu-ta. Cep. 1. 2011. Boim. 2.
C. 146-157.

PaccmarpuBaercs 3ama9a 0 HECTAIIMOHAPHOM TEYECHNN CIAO0CKIMAEMON KIUIKOCTH 9ePes3 IPOC-
cenb. IIpeioxkeHa HOBasi MOJIEJb JIJIsl PACYETa HECTAIIMOHAPHONW CKOPOCTU MCTEYEHWUSs, YIUTHIBAIO-
mass “HEPIUOHHOCTL (popMupoBaHus TedeHns. CpenHss CKOPOCTh MCTEYEHHUS IPEICTABIACTCA B
BHUJIE CYMMbI aKyCTHMYECKONH M THUAPOIUHAMUYIECKON CKOpPOCTed. AKYyCTUYECKas COCTABJISIIONIAS Xa-
pakTepu3yeT BOJIHOBbBIE TIPOIECCHI U OIpeIesieTcst u3 0600IeHust (hOPpMYJIbI JIJIsI paciajia pa3phbiBa.
T'unpomuunaMudeckas CKOPOCTb XapaKTepU3yeT WHEPIMOHHBIE MPOIECChl U ONpPeesieTca u3 aud-
depenrmanbaoro ypasuenus. CTpyKTypa ypaBHEHUN TAKOBa, YTO MPU IMPOXOXKIEHUU BOJIHBI aBTO-
MaTUYECKH BBIMOJIHSIIOTCSA W3BECTHBIE aKyCTUYIECKNE COOTHOIIEHUSI, a DU YCTAHOBJIEHUN TEYEHUS —
0b6o0renHoe ypasHenue Bepuysum. [lomydeHbr cOOTHOIIEHNS /st CPETHETO TABJICHUS HA TOPIEBBIX
CTEHKAX U B CEYEHUU Jpocceiis. [IpoBelleHO cpaBHEHME Pe3yJIbTATOB PACYETOB IO JAHHON MOJIEIn
C pe3y/bTaTaMM YHUCJIEHHBIX SKCIEPUMEHTOB. [loJiydeHHBIE pe3ysIbTaThl MOI'YT HAWTU ITIPUMEHEHUE
[IpU pacdeTe TUIPOYAAPOB B UJIPABIMIECKUX CUCTEMAX, a TAKXKe YJAPHBIX U BBICOKOYACTOTHBIX
HArPY?KEHUSIX AMOPTU3UPOBAHHBIX CUCTEM B KOTOPBIX UCIIOJL3YIOTCA THAPOAEMII(DEPDI.

Karouesvie cr06a: Ipoccelib, BOTHOBBIE TIPOIECCHI, UCTEUEHNE, THIPABINIECKOE COTPOTUBIIEHUE,
BpEMsl yCTAHOBJICHUSI.

Bubmumorp. 7 nass. Ui. 4.

VIIK 52-64

Konecos A.K., Kponauesa H. 0. O MrHOBEHHOM TOYE€YHOM UCTOYHUKE SHEepruu B bec-
KoHeqHo#1 cpene // Becru. C.-Ilerep6. yu-ta. Cep. 1. 2011. Bem. 2. C. 158-162.

N3ydgaercs HecTanmmoHAPHBINM TEPEHOC U3JIyYEeHUsS B OJTHOPOIHON OECKOHEYHON Cpefie, OCBEIEeH-
HOIl MTHOBEHHBIM TOYE€YHBIM MUCTOYHHKOM dHepruu. [lokazaHo, 9T0 XapaKTEpUCTUKU OIS M3JIyde-
HUs B CJIyYae TPEXMEPHBIX CEePUIeCKU CUMMETPUYIHBIX CPeJl CBSI3aHbI IPOCTBIM COOTHOIIIEHUEM C
COOTBETCTBYIOIAMI BEJIMIHHAME B CIydae OTHOMEPHBIX cpell. DopMysbl st cpeHeil NHTEHCHB-
HOCTH, TIOTOKA WM3JIydeHUs U (DPYHKINNA UCTOTYHUKOB MOJYUEHBI I JBYX CJIyYaeB: KOrga (pOTOHBI
HAXOZSATCS B OCHOBHOM B IIOIVIOIEHHOM COCTOSHMM (Ciiydail A) MM KOrJa OHU NPEOBIBAIOT B IIyTH
MeXKJy aKTaMu paccesiHust (ciydait B).

Karouesvie cA06a: HECTAITMOHAPHDIN IEPEHOC U3JTYyYEeHUsI, TOUEUHbI UCTOYHUK dHEPTrUH, cdepu-
YeCKW CUMMETPUYHAsI CPeJia, [10JIe U3JLy IeHNUsl.

Bubmumorp. 8 nass.
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ABSTRACTS

UDK 519.21

Bulinski A. V. Central limit theorem for positively associated stationary random // Vest-
nik St.Petersburg University. Ser. 1. 2011. Issue 2. P. 5-13.

Positively associated random fields defined on d-dimensional lattice arise in various models
of mathematical statistics, percolation, statistical physics and reliability theory. We consider the
fields with covariance function satisfying a more general condition than summability. The criterion
of validity of the central limit theorem (CLT) is established for the partial sums of a field from
that class. These sums are taken over growing parallelepipeds or cubes. The well-known Newman
hypothesis claims that for an associated stationary random field the mentioned requirement on the
covariance function behavior implies CLT. As was shown by N. Herrndorf and A.P. Shashkin, the
hypothesis fails already for d = 1. This paper reveals the key role of the uniform integrability of
the squares of the field partial sums for the CLT to hold. Thus we obtain an extension of the Lewis
theorem, proved for a sequence of random variables, and also show how the Newman hypothesis
should be modified for any d. A representation for the field partial sums variance in terms of slowly
varying multivariate functions is essential here.

Keywords: random fields, dependence conditions, stationarity, central limit theorem, uniform
integrability.

Bibliogr. 14 references.

UDK 519.23

Butorina Yu. O., Nikitin Ya. Yu. On large deviations of smoothed Kolmogorov—Smirnov
statistics // Vestnik St.Petersburg University. Ser. 1. 2011. Issue 2. P. 14-20.

We study logarithmic large deviation asymptotics for Kolmogorov—Smirnov type goodness-of-fit
and symmetry statistics based on smoothed empirical distribution functions. Such statistics depend
on the choice of the kernel and of the bandwidth. This prohibits from using standard methods
for the evaluation of large deviation asymptotics for distribution-free statistics based on empirical
distribution functions. Hence we use the different approach which uses the Plachky—Steinebach
theorem. It turns out that the results are the same as in the case of classical Kolmogorov—Smirnov
statistics based on usual empirical distribution function. It follows, in particular, that the Bahadur
efficiency of smoothed Kolmogorov—Smirnov statistics also coincides with the efficiency of classical
statistics.

Keywords: smoothed empirical distribution function, large deviations, moment generating func-
tion, Kolmogorov—Smirnov statistics.

Bibliogr. 15 references.

UDK 519.21

Egorov V. A. On the rate of convergence to a Poisson process // Vestnik St.Petersburg
University. Ser. 1. 2011. Issue 2. P. 21-28.

Let &€ = {&1,&2, ...} be a sequence of independent identically distributed spherically symmetrical
random vectors. Let (|| > z) — 2~ *L®, for some o > 0, a # 1 where L > 0 is a constant.

The special [,-distance between point random processes is defined in the article. We construct
the sequence of random vectors £, the corresponding binomial point processes and limit Poisson
process on the same probability space in such a way that the [,-distances between binomial processes
and the limit Poisson process tend to zero with the probability one. A simple estimate of the rate
of decreasing of this [,-distance is derived. As a consequence of this result we estimate the rate of
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convergence to the limit stable random vector for the sums of independent random vectors from
the domain of attraction of stable law.

Keywords: Poisson process, binomial point process, stable distribution, the domain of attraction,
lp-metrics, limit theorems of the probability theory.

Bibliogr. 8 references.

UDK 519.21

Zaitsev A. Yu. On the rate of rapid decay of concentration functions of n-fold convolu-
tions of probability distributions // Vestnik St.Petersburg University. Ser. 1. 2011. Issue 2.
P. 29-33.

The following result on the behavior of concentration functions of n-fold convolutions of prob-
ability distributions is obtained. Let ¢(n) be an arbitrary sequence, tending to infinity as n tends
to infinity, and let ¥(x) be an arbitrary function, tending to infinity as z tends to infinity. Then it
is shown that there exists a probability distribution F' of a random variable X such that the expec-
tation E+(|X|) is infinite and the upper limit of the sequence v/n ¢(n) @y is infinite, where @y, is
the maximal atom of the n-fold convolution of distribution F'. Thus, any condition of infiniteness
of moments cannot ensure an essentially faster, than o(nfl/ 2), decay of concentration functions of
n-fold convolutions.

Keywords: concentration functions, n-fold convolutions of distributions, rate of decay, sums of
ii.d. random variables.

Bibliogr. 28 references.

UDK 519.23

Ibragimov I. A. Periodic stationary processes and Polya—Vinogradov’s inequality // Vest-
nik St.Petersburg University. Ser. 1. 2011. Issue 2. P. 34-42.

We prove some inequalities for the maximum of sums of random stationary periodic sequences.
A corollary of the inequalities is Polya—Vinogradov’s inequality for Dirichlet characters.

Key words: stationary random processes, Polya—Vinogradov inequality, Dirichlet characters.

Bibliogr. 4 references.

UDK 519.23

Nevzorov V. B. On some regressional relations for sample means and sequential maxima
// Vestnik St.Petersburg University. Ser. 1. 2011. Issue 2. P. 43-47.

A lot of papers on the characterizations of some distributions by regressional properties of
order statistics were appeared during the previous ten years. In particular, in 2002 it was found
that Student’s t2-distribution is characterized by linear regressional relations between sample median
X5 3 and sample mean T3. Later some analogical results were given for samples of any large volumes.
There were given characterizations of families of distributions including t»>-distribution as a partial
case. These characterizations were based, in particular, on linear regressional relations between
sample means Tbx41 and sample medians Xx41 2k+1, £ = 1,2, ... In 2005 a characterization of ¢2-di-
stribution based on regressional properties of sequential maxima M; = X1, My = max{X1, X2}
and M3 = max{X1, X2, X3} was obtained.

Hence it is interesting to study such relations for maxima and sample means as E(My|M, =
z) =ox +a and E(Tx|M, = ) = ox + a, for any k < r.

These linear regressions are investigated, and the corresponding families of distributions, char-
acterizing by such equalities, are presented.

Keywords: characterizations of distributions, order statistics, sequential maxima, sample means,
linear regressions.

Bibliogr. 6 references.
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UDK 519.2

Rozovsky L. V. Small deviations of the maximal element of the sequence of weighted
independent variables // Vestnik St.Petersburg University. Ser. 1. 2011. Issue 2. P. 48-54.

Consider a sequence {X;} of independent copies of non-negative random variable X and denote
M = sup,s, A; X, where {);} is a sequence of positive and non-increasing numbers, such that
P(M < oo0) = 1. In work the asymptotic behavior of —log P(M < r) as r — 0 is considered.

A similar problem was examined earlier for special weights {\;}. We thoroughly study rather
general and important case under which —logP(M < r) as r — 0 has an asymptotics of explicit
form.

Keywords: small deviations, maximal element, non-negative random variables, slowly varying
function, regularly varying function.
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UDK 519.21

Delaigle A., Hall P. Theoretical properties of principal component score density esti-
mators in functional data analysis // Vestnik St.Petersburg University. Ser. 1. 2011. Issue 2.
P. 55-69.

Principal components analysis plays a key role in functional data analysis, not least because it
offers considerable potential for reducing an infinite dimensional problem to one of finite dimensional
proportions. It also provides in-sight into variety properties accessible from a sample of functional
data. Some of those properties can be expressed in terms of principal components scores. To explore
them it is helpful to know the shapes of the distributions of those scores, for example, the shapes
of their probability density functions. The authors in 2010 introduced methods for estimating those
densities and stated a theoretical result. This result asserted that the density estimators are first-
order asymptotically equivalent to their «ideal» counterparts constructed using the actual principal
component scores, rather than estimators of those scores. In the present paper we give a proof of
this equivalence.

Keywords: bandwidth, density, estimation, eigenfunctions, eigenvalues, Karuhen—Loeve expan-
sion, kernel methods, spectral decomposition.
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UDK 519.2

Mikosh T., Pawlas Z., Samorodnitsky G. Large deviations for Minkowski sums of heavy-
tailed generally non-convex random compact sets // Vestnik St.Petersburg University. Ser. 1.
2011. Issue 2. P. 70-78.

We prove large deviation results for Minkowski sums of iid random compact sets where we as-
sume that the summands have a regularly varying distribution. The result confirms the heavy-tailed
large deviation heuristics: “large” values of the sum are essentially due to the “largest” summand.

Keywords: Minkowski sum, random compact set, large deviation, regularly varying distribution.
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UDK 531.36:62-50
Akchurin E. H. Oscillation control for pendulum with variable parameters // Vestnik
St.Petersburg University. Ser. 1. 2011. Issue 2. P. 79-85.

Two problems of pendulum control are investigated: swinging pendulum by changing it’s length
(or gravity center position) and by changing it’s suspension point position. An approximation to
some invariant set in state space of the system is considered as an objective of control. As an
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attitude to the problem solution a high-speed gradient method is used. The results obtained in the
work allow us to find an area of initial conditions and parameters, where system possesses desired
properties, and to select values of those parameters in practice.

Keywords: pendulum, control, high-speed gradient.

Bibliogr. 7 references. Fig. 2.

UDK 519.165-+168

Gracheva P. V. Method of discrete optimization in multidimensional dichotomic da-
ta structurization via Grassmannian parametrization // Vestnik St.Petersburg University.
Ser. 1. 2011. Issue 2. P. 86-94.

The article deals with the combinatorial optimization problem appearing in certain multidemin-
sional dichotomic data clustering approaches. A method to reduce large computational time based
on algebraic properties of finite geometries is considered. Vector parametrization of Gra(k,n) Grass-
mannian is proposed. Such parametrization makes it possible to minimize the amount of memory
required for the computation and to reduce the number of operations. A greedy algorithm based on
this parametrization and on Gray codes is proposed. This algorithm allows for parallel processing
to reduce further the computation time.

Keywords: information aggregation, categorial data, Grassmannian parametrization, computa-
tion time reduction.
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UDK 519.214.4

Terterov M. On asymptotic behaviour of the increments of sums of independent random
variables from domains of attraction of asymmetric stable laws // Vestnik St.Petersburg
University. Ser. 1. 2011. Issue 2. P. 95-103.

We investigate the asymptotic behavior of the increments of sums of the i.i.d. random variables
with a length of the increments of (logn)?P. The laws describing increments of this length are the
transitional ones between Csorg6—Révész laws (for large increments) and Erdés—Rényi laws (for
small increments). The new result is obtained for the random variables from a domain of attraction
of asymmetric stable laws with index a € (1,2).

Keywords: limit theorems, increments, sums of independent random variables, Erdgs—Rényi
laws.
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UDK 519.71

Tchirkov M. K., Shevchenko A.S. Finite-nonstationary nondeterministic automata with
stochastic input // Vestnik St.Petersburg University. Ser. 1. 2011. Issue 2. P. 104-115.

This paper is devoted to the analysis of properties of generalized finite-nonstationary nonde-
terministic automata specified at Boolean lattice with an additional stochastic input which are
connected with definition of the languages class represented by that sort of automaton models.
There are introduced new conceptions about elementary nondeterministic automaton structure with
a stochastic input, generalized finite-nonstationary nondeterministic automaton with a stochastic
input, generalized language represented by that automaton. A number of conclusions validating
the synthesis process of the equivalent abstract stochastic automaton presenting the same general-
ized stochastic language, for any generalized finite-nonstationary nondeterministic automaton with
stochastic input, are proved. The estimate for states number of synthesized stoshastic automaton
is found and detailed algorithm of that synthesis is worked out and shown with an example.

Keywords: stochastic automata, stochastic languages, finite-nonstationary nondeterministic au-
tomata, modelling of stochastic languages by automata models with stochastic input.

Bibliogr. 9 references. Fig. 1. Tabl. 2.
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UDK 531.3:534.013

Bykov V. G., Melnikov A. E. Automatic balancing of the disk on flexible massive shaft //
Vestnik St.Petersburg University. Ser. 1. 2011. Issue 2. P. 116-126.

The new mathematical model of an unbalanced flexible rotor with the distributed mass and ball
autobalancing device is offered on the basis of introduction of the generalized Lagrangian coordinates
taking account of the natural modes of an elastic body. Systems of the ordinary differential equations
describing dynamics of a rotor both in fixed frame and in rotating one are derived in the complex
form. The existence conditions of stationary modes and analytical formulas for calculating the
amplitude-frequency and phase-frequency characteristics of the unbalanced stationary modes are
obtained. Stability of balanced stationary modes is investigated. The results of calculations for this
model are compared with the results obtained for the model of the rotor with a weightless shaft.

Keywords: flexible rotor, autobalancing device, generalized Lagrangian coordinates.

Bibliogr. 8 references. Fig. 9. Tabl. 1.

UDK 539.3

Iomdina E. N., Poloz M. V. Biomechanical modeling of age-related changes of human eye
accommodation // Vestnik St.Petersburg University. Ser. 1. 2011. Issue 2. P. 127-132.

A biomechanical model of the eye was used to study age-related changes of accommodation
mechanism, including the dependence of accommodation volume on the subject’s age. Theoretical
calculations were compared with clinical data. Numerical modeling was performed using the method
of finite elements as implemented in ANSYS. It was demonstrated that the crystalline lens loses
its normal shape and deformation potential with age when the nucleus rigidity in the lens becomes
higher than cortex rigidity. Consequently, the accommodation volume drops and the whole accom-
modation mechanism reverses: the refractive power of the eye in the tension phase of the ciliary
muscle becomes lower than in the relaxation phase.

Keywords: eye accommodation, chrystalline lens, numerical modeling.

Bibliogr. 19 references. Fig. 4.

UDK 539.3

Karamshina L. A. On deformation of transversally isotropic two-layered spherical shell
// Vestnik St.Petersburg University. Ser. 1. 2011. Issue 2. P. 133-138.

Solution of the given stress-stain state problem of the thin elastic transversally isotropic two-
layered spherical shell under internal and external pressure is built. Each layer is considered as
transversally isotropic spherical shell with different mechanical properties. The case of stiff con-
tact between the layers is supposed. The unknown pressure of layers interaction, which is defined
by coupling condition in displacements, is introduced. The theory of solid mechanics in terms of
spherical coordinates is used for determination of stress-stain state of the shell. It is shown that
tangential stresses have discontinuity on the coupling face. The discontinuity measure is obtained.
Displacement and stress patterns through-the-thickness of the layers for certain elastic properties
and pressure are shown in graphics. The shell layers thickness change for different range of values
for Young’s modulus is obtained.

Keywords: two-layered spherical shell, transversally isotropic layers, tangential stress disconti-
nuity, displacement and stress patterns through-the-thickness.
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UDK 533.6.07:534

Lyusin V. D., Ryabinin A. N. Investigation of aspect ratio of the prism on its aerody-
namic characteristics and the vibration amplitude during prism galloping // Vestnik
St.Petersburg University. Ser. 1. 2011. Issue 2. P. 139-145.

A mathematical model of the prism galloping is considered. The prism is elastically mounted
in the gas flow. The quasi-static approach is used. The dependence of the normal aerodynamic
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coefficient on the angle of attack is obtained in the subsonic wind tunnel for a number of prisms of
different aspect ratio. A new function for this dependence approximation is proposed. It is shown
that proposed function approximates the experimental dependence better than previously used
one for prisms of small aspect ratio. The dependences of the prism vibration amplitude on flow
velocity is obtained by means of the method of Krylov—Bogoliubov. It is found that the amplitude
of steady oscillation at high flow velocities increases with the aspect ratio increasing from 1 to 10
and decreases with further increasing of the aspect ratio. Critical velocity of the flow decreases
with increasing of the prism aspect ratio up to 10 and then increases. For all the prisms, there
are velocity diapasons of the hysteresis, in which the two solutions of the equations describing the
steady-state oscillations are stable. The critical velocity for prisms of small aspect ratio is the right
boundary of the hysteresis diapason. If the prism is equipped with end plates, which are barriers
for flowing air through the ends, the normal force coefficient changes at small angle of attack. The
critical velocity reduces; a hysteresis diapason reduces as well. The left boundary of the hysteresis
diapason is greater than the critical velocity.

Keywords: aerodynamic coefficient, small aspect ratio, galloping, hysteresis, mathematical
model.
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UDK 532.542, 621.22, 62.567.2

Sinilshchikov V. B. A phenomenological model of nonstationary flow of weakly com-
pressible fluid through a throttle // Vestnik St.Petersburg University. Ser. 1. 2011. Issue 2.
P. 146-157.

The problem of nonstationary flow of weakly compressible fluid through a throttle is consid-
ered. A new model is offered to calculate a nonstationary outflow velocity, taking into account the
response rate of flow formation. The average outflow velocity is represented as a sum of acoustic
and hydrodynamic velocities. The acoustic one characterizes wave processes and is defined from a
generalization of a formula for disintegration of discontinuity. The hydrodynamic velocity charac-
terizes inertia processes and is determined from a differential equation. The structure of equation
is such that when a wave is passing, the known acoustic relations are performed automatically, and
for a steady flow we have a generalized Bernoulli equation. The relations for average pressures at
the throttle’s end walls and its cross-section are obtained. Calculation results by this model are
compared to the results of numerical experiments. The results obtained can be used when calculat-
ing the hydraulic impacts in hydraulic systems, as well as when computing the impact and high-
frequency loadings of shock absorption systems in which hydrodampers are used.

Keywords: throttle, wave processes, outflow, hydraulic resistance, transient time.
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UDK 52-64

Kolesov A. K., Kropacheva N. Yu. On a momentary point energy source in an infinite
medium // Vestnik St.Petersburg University. Ser. 1. 2011. Issue 2. P. 158-162.

Nonstationary radiative transfer in a homogeneous infinite medium illuminated by a momentary
point energy source has been considered. It is shown that the characteristics of the radiation field
in the case of three-dimensional spherically symmetric media may be expressed quite simply in
terms of these values in the case of one-dimensional media. The formulas for the mean intensity, the
radiation flux and the source function have been obtained for two cases: when photons are mainly
in an absorbed state (case A) or they are in a way between acts of scattering (case B).

Keywords: nonstationary radiative transfer, point energy source, spherically symmetric media,
radiation field.
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