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ESTIMATION OF SELF-HEALING TIME FOR DIGITAL SYSTEMS

UNDER TRANSIENT FAULTS*
S. L. Frenkel®' and A. V. Pechinkin?

Abstract: This paper suggests a new approach to self-healing property prediction for digital systems. Self-healing
refers to the system’s ability to continue operating properly in the case of the failure of some of its components.
This phenomenon is very considerable aspect of high-reliable systems design. The self-healing time characteristics
are analyzed during design process, and the computation of probability distribution function of self-healing time
needs for fair prediction of real time systems reliability. This paper considers the possible ways of estimation of time
to self-healing under transient faults using a Markov model of a design behavior for reliability analysis of digital
systems with some fault-tolerant properties, modeled by the well-known Finite State Machine formalism.

Keywords: fault-tolerant computer; self-healing fault-tolerance; transient faults; finite state machine; Markov

chains

1 Introduction

Designers of nanotechnology-based digital systems for
safety-critical applications need to take into account
that the systems can be affected by radiation-induced
faults, e. g, Single Event Upsets (SEU) [1]. Thus, com-
puting systems for safety-critical applications must be
fault-tolerant to be able to continue properly function-
ing despite these transient failures of their hardware or
software [2—4].

Self-healing refers to the system’s ability to continue
operating properly on the event of the failure of some
of its components, that is, as its ability to maintain
operation over a period of time ¢. In other words, a
system is “self-healing” if it is capable to recover from
errors while remaining valid system outputs. Moreover,
systems designed to be self-healing must be able to heal
themselves at runtime in response to changing environ-
mental or operational status, in order to fix errors in its
components without any external interaction [5].

In spite of plethora of the self-healing specific mech-
anisms, one of the most usable model of the systems
of interest is the FSM. Therefore, the self-healing in
automata models of systems used at early design stages,
is considered. For example, a concept of a partially
monotonic FSM, where the transitions are comput-
ed by partially monotonic Boolean functions, is used
to provide self-healing properties [6]. In particular, if
a self-checking digital circuit design is considered, the
different properties of logical functions may provide self-

healing properties of the circuit [6]. The architecture
that supports the self-healing property of the FSM is a
well-known self-checking architecture [6] that uses out-
put of self-checking checker. Thus, further, only FSM
representations of digital systems will be considered.

Since, in general, both input data and faults ap-
pear randomly, the time before a system healing is some
random values.

This paper describes a probabilistic approach to anal-
ysis of self-healing properties of FSM modeled systems
under some transient faults. The model of system that
allows to compare correct behavior with erroneous one
is a Markov chain (MC) defined on direct product of
state spaces of two FSMs, describing behavior of both
fault-free and faulty design [7, 8]. The goal of this
modeling is to estimate the time to return to the correct
behavior after hitting in some erroneous one.

2 Some Concepts of Fault-Tolerant
Design

Let us outline some principal definitions of the fault-
tolerant systems research area. A faultis a physical cause
of incorrect behavior, e.g., a defect in a memory cell.
The most popular fault model in the area of digital sys-
tem testing is so-called stuck-at-zero (a variable u has
constant logical zero which designated as © = 0), and
stuck-at-one (correspondingly, u = 1) [2].

*The work was performed within the Russian Academy of Sciences Presidium basic research program 3 “Fundamental problems of system

programming.”
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Estimation of self-healing time for digital systems under transient faults

The faults may be both permanent (that remain in
existence indefinitely if no corrective action is taken)
and transient ones (that appear and disappear quickly).

An error is an undesired state or condition in a com-
ponent of a target system, understood as a discrepancy
between an observed or measured value or condition
and a specified theoretically correct value or condition.
Error is a fault consequence. Faults may or may not
cause one or few errors. Errors induce failures. A failure
occurs when a system is no longer able to satisfy its
specification, e.g., an incorrect word is formed on its
output.

Correspondingly, one should differ between man-
ifestation latency for the faults and the errors. It is
considered that designers have an oracle that check the
correctness of its output (result of computations).

The aim of a fault-tolerant design is to avoid mani-
festation of the fault/error at the system designed output
in order to prevent the failure behavior. Note that in
accordance with [6], when a transient fault occurs, a
system may transit from a fault-free behavior (“mode”)
either to the erroneous mode (the output is erroneous
one) or in a mode where the faulty behavior will be
“silent,” that is, an inner state will be incorrect while its
output stays in a correct mode. If the system is able to
return from the fault-free mode after its functioning in
the silent mode, this is, obviously, the self-healing. In
other words, in this case, future of a system (either it will
“recover” or “die”) depends of its behavior during sever-
al clocks after moving to the silent mode. This parameter
of number of clocks looks promising and motivating for
the self-healing characterization.

3 Some Architectures Which Enable
Self-Healing

Let us outline some architectures of digital systems
that can provide their self-healing under some transient
faults. There are two main types of the faults that are
being considered, the SEU and the Single Event Tran-
sient (SET). The SEU occurs when radiation affects
the transistors, for example, that are part of the look
up table logic of the FPGA (Field-Programmable Gate
Array). Radiation can hit areas on the device (FPGA,
in particular) and causes an incorrect bit value at the
input or output of some blocks. The SET affects current
processing of data in the circuit. Some authors remark
that the SET is less damaging than the SEU mainly
because it does not affect the hardware makeup of the
current FPGA design [9]. A transient fault induced by
the SEU may or may not be latched by a storage cell,
but in case of the fault occurrence, a correct operation
of the corrupted module can be restored and the current

state of the circuit can be reset. It can be achieved either
due to the monotonic properties of Boolean function
describing the transitions of FSM representing the given
system [9] or a reconfiguration [2]. Recall that a system
of logical functions ) is partially monotonic in »’ input
variables if for any pair of Boolean m-tuples A, B, the
condition ¢ (A) < ¢ (B) is satisfied for A < B [6].
Another example of a system with self-healing, based
on some reconfigurations of a system under some er-
rors provoked by a fault has been considered in [9].
As it mentioned above, this reconfiguration architec-
ture functioning can be also described as a FSM [10].
Partial Reconfiguration and Triple Module Redundancy
(TMR) are used together to create a true self-healing
system design [9]. In order to do this, the full TMR
implementation must be extended to provide additional
status outputs to the partial reconfiguration controller.

4  Problem Definition and Model
Description

Let A be an automaton (FSM) modeling an electronic
design implemented as a device (e. g., FPGA). It is con-
sidered that this design should operate in the presence
of some radiation which hits at an physical area of the
device causing an incorrect bit value to the input or
output of its modules but does not affect immediately
any primary outputs.

Let usassume that a transient fault during the clock ¢
has changed a next state xg, where fault-free FSM must
transit under an input vector , for the state z1. We say
that in this moment, the change of a trajectory of the
FSM transitions, corresponding to its transition table,
took a place. All future transitions will be performed ac-
cording to the FSM transition functions (in accordance
with Table 1 in our example). If at one of the steps after
this clock (tp) the primary output is changed relatively to
the fault-free outputs and given transitions have still not
come back to the fault-free trajectory, then either alarm
or correction mechanism will be started, and the FSM
will be stopped or moved to a restoration mode. There is
no any self-healing in this case.

Otherwise, if the FSM under the transient fault will
return to the normal (fault-free) trajectory before the
output is changed, it means that the self-healing took
place (at least, before the next external induced transient
fault).

It is considered that a self-healing system can recover
from some transient faults within a finite time and can
provide that no further faults occur before the system
is healing again. On the other hand, systems that are
not self-healing might function ate in incorrect states
arbitrary long time, even if no further faults occur.
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Table 1 Transition functions of FSM

at s t(ag, as) U(at, as)

ai ai Uy V24
a1 ULU2 V2V3
as ULU2 V24

a2 ay U2 V2V4
a1 u2U3 V1V4
az uius V2V4

The authors’ goal is to express the probability dis-
tribution function of the time which can be spent to
self-healing under transient faults using the Markov
chains (FSMs) product model [7, 8]. Let us consider
some examples of the self-healing phenomenon.

Let us describe an FSM in Table 1 where columns a;
and a, are the current and the next states; « and ¢ are the
input and output signals in cubic form, that is, it has free
components with all possible combinations of “0” and
“1” (in the 3-input FSM in Table 1, the input variables
absent in the corresponding cells may take any values).

Let the initial state of the FSM be a1, and let an
input sequence be ujus — ujusus, which generates the
transitions a; — as(vavs) — a2(vovy). Let the vari-
able us was corrupted by an external fault effect (e.g.,
SEU) so that the sequence u1ls — ujusus appeared
instead of previous one, which generate wrong transition
ay — ai(vavs) — as(vevy), that is, the FSM transmits
to the state ao instead a;. However, because of discrep-
ancy of the outputs in two cases (that is, the FSM either
under the transient error or not), it will be either alarm
or correction mechanism started, and the FSM will be
either stopped or moved in a restoration mode, that is,
the self-healing does not take place. Now, let the in-
put sequence be uius — Uy usuz — UUsuU3 generating
the transitions a; — aq (’U2’U4) — ai (U2’U4) — a9 (U2U4),
which is corrupted as ujus — Uyusuz — uiusuz With
transitions a3 — as(vavs) — a2(vavy) — ag(vavy).
Since the outputs are equal, the FSM under this tran-
sient fault comes to the right state as if the external fault
effect be disappeared to the next clock.

5 Self-Healing Model Based
on Finite State Machine

Let an FSM, subject to external radiation mentioned
above during a clock (e. g., hit of some radioactive parti-
cles), changes its correct trajectory to an incorrect one,
but it returns to the correct trajectory after a number
of clocks when the radiation effect is stopped. Follow-
ing [7], this phenomenon will be modeled by an MC
defined on the transition space of two FSMs product:
one of these FSM is the original one (called as “fault-
free”), but another (called as “faulty”) has the transition

table of original FSM but its trajectory is corrupted
during the clock-under-noise.

Let FSM be a Mealy machine, with the state set S =
={ay,...,a,}, theinput set U = {a} = {uy,...,um}
and the output set V' = {0} = {v1,..., v }. Functions §
and )\ are the multiple-output Boolean functions which
are a relation between the (input state, present state)
pairs and the next states (§), and between the (input
state, present state) pairs and the output states (). Let
the input words of the FSM be a randomly generated
input vectors. Obviously that the probability of the self-
healing property fulfillment depends on the distribution
of input vectors (for example, see Table 1). Let us con-
sider self-healing time computation by the FSM product
model.

Let {X;, t > 0} and {Y;, ¢ > 0} are the MCs
describing the target behavior of a fault-free system (in
accordance with the previous section), that is, function-
ing without effect of any transient faults (X;), and in the
presence of some faults (Y;), S is the set of states of the
MCs.

Let Z, = {(X4,Y%), t > 0} be an MC corresponding
to behavior of the MCs pairs that is an MC with space
5% = S x S of pairs (a;, a;), ai,a; € S.

Let the states S are integers. Fixing the states nu-
meration in some way, for example, as s; = (a1, a1),
where the “ones” are the numbers of states of X;,Y;,
s2 = (a1,a2),..., $n = (a1,an), Sn+1 = (az,a1),
Sn2 = (an,an), the vector of the state transition proba-
bilities of the MC after ¢ steps may be defined as

() = (1(1), -, pp2(t), 20,

where the state probability vector of the MC Z, after
t clocks. This vector can be computed using the state
probabilities of X; and Y,

E) = (o1 (t),- - o5 (1))
with initial states probabilities of the MCs, where in-

dex “F” corresponds to the FSM under a transient fault
(“faulty” FSM):

t>0;
t>0,

].7 CLi:XO, .

p:i(0) = 1=1,...,n;
07 ai#‘XOv
17 a':Y()v .

pf(O)z / j=1,...,n.
05 aj#y()v

Then, the event of coincidence of the trajectories of X,
and Y; (self-healing) may be denoted as hit of the MC Z;
in a subset D C S? of all states (a;,a;), i = 1,...,n,
with the same right and left elements.

In general, the self-healing time can be expressed as

T=min{t: X;, =Y} =min{t: Z, € D}. (1)

4 WHOOPMATUKA U EE TPUMEHEHUWS Ttom 4 Bbimyck 3 2010
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Let us characterize the self-healing time 7" by a func-
tional Q(T') of the time. It can be interpreted as a speed
of returning to a correct mode.

Equation (1) can be rewritten in different ways in de-
pendence of the functional that will be used for the time
to healing characterization (and it can be interpreted as
a “loss function™).

Most simple type of the Q1 (t) is the mean time to
healing, that is:

Q=01 =E(T).

More interesting measure is the probability Q2(to)
that time of returning of the FSM to its correct trajectory
after fault effect disappearance is more than to. Let us
define:

Q = Q2 = Qa(to) = Pr{T > 1o} .

Note that relationship between @1 and Qs is

Q1= Z Pr{T > to} = Z Q2(to) -

to=1 to=1

Both these times to self-healing measures are com-
puted under assumptions that the initial states X and Y;
of both MCs are known. Therefore, the function Q)2 can
be expressed as

Q=1-Pr{Z, 1€D}=1-Y pi(to—1).
z€D

Also, it can be easily shown that
Q> > max [Pr{Yy, 1 € V} = Pr{X;, 1 € V}|

where V C S.

Note that the functionals (; and Q> have been
built without explicit consideration of equality of out-
put values of both FSMs. Below, more general case of
FSM under transient fault self-healing characterization
will be considered, namely, the probability distribution
function of the time to return to the FSM fault-free
behavior before its output mismatching with its copy,
which functionates without any transient faults.

6 Computation of Self-Healing Time
Probability Distribution Function

Below, the time to self-healing probability distribution
function will be computed as a distribution of number of
steps to absorbing state of Z;, corresponding to the event
“the automaton under transient fault has returned to the
fault-free trajectory before its output mismatching.”

Let us define all specific states of the MC Z; needed
to find out accurately the self-healing time. Again, let
the states set of both MCs Sy and Sa, |S1| = |S2| = n,
are the same and their initial states Xy and Yy, Yy # X,

are known. Let us define the set of Z; states as
S* = {(,j), i,j=1...,n, J#ifUA UA
where:

— (i,j) means that fault-free automaton is in the
state 7, but the automaton under a transient fault is
in the state j, j # i;

— Ap is an absorbing state of Z;, corresponding to
the event “the automaton under transient fault has
returned to the fault-free trajectory before its output
would be corrupted by the transient fault effect;”
and

— A is another absorbing state corresponding to the
event “faulty output appeared before the trajectory
restoration.”

The number of the Z; states is n(n — 1) + 2.

Let us consider the way of MC Z;, transition prob-
ability matrix P* computation. Let Z; be in the state
(i1, 71) when the input signal « is applied which transfers
the fault-free automat from the state i; to the state o,
whereas the automaton under a transient fault will trans-
fer to the state jo, and the output vectors of the automata
are vp and v, correspondingly. Then the following
situations are possible:

— Zisin the state A, if vy # U1}

— Z; isin the state A if io = js and vy = ¥1; and

— Z, transits to the state (i2, j2) if the outputs coincide
(tp = v7), but the states do not (iz # j2).

The transition probability matrix of the MC Z; is
computed by the known probabilities of input vectors
and transition tables of the FSM [7], considering the
signals with the same input probabilities distributions
Pr{u;=1},i=1,...,m.

Let us denote:

- p’(*l) (t) is the probability that a faulty output behav-
ior of the automaton can appear right up to the ¢th
step before the automaton behavior will be restored;

- p’(*o) (t) is the probability that a faulty behavior of
the automaton can appear right up to the t¢th step
and the output both automata will coincide by this
moment; and

— p; ;(t) is the probability that the MC Z; will get in
the state (¢, j) (j # 1) thereby by the moment ¢, but
the outputs will coincide.

Then, let us express the probability that Z; will get
in the state (4, 7).

Initial state p™ (0) is determined by the distribution of
initial states of both automata. If the fault-free automa-
tonisatthe initial moment 0 in the state g = Xo,whereas

WHOOPMATUKA U EE TPUMEHEHUWS Ttom 4 Bbimyck 3 2010 5
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the faulty automaton will be in state jo = Y, jo # o,
then p; ; (0) = 1 and other components of the vectors
are zero.

Matrix P* is computed using input probabilities of
Boolean functions u; = w;(a¢, as), describing transi-
tions from the current state a,; to the next state a, takes
the Boolean value. This computation is performed under
assumption that input variables of the FSM are inde-
pendent random vectors from one time step to another
and that their probability distribution is fixed so that, at
any given time step, an input takes place with probability
Pr{u; =1} = pi, i =1,...,m. For example, the FSM
of Table 1 stays in the state as with probability p; ps since
thisis a Boolean conjunction of the Boolean variables
and us.

The distribution Z; in the moment ¢

pr(t) =pr(t = )P =T (0)(P") 2

and the vector component, corresponding to the transi-
tion to an absorbing state Ag, represents the probability
distribution of the self-healing time.

Let us denote:

— 7o is the probability that exists an instant ¢ when
outputs of both (faulty and fault-free automata) are
different (the vector vy # v1);

— m is the probability of the automaton “healing”
that is the return to the transitions trajectory of nor-
mal functioning after an external fault effect will be
disappeared and vy = ¢; for any ¢; and

— m is the probability that the automaton never more
come back to the normal transitions trajectory after
the external fault effect will disappear.

The relationships between these probabilities are:
mo = lm p)(t);  m = lim pa)(t).

Therefore,
T=1—my—m. 3)

Let us demonstrate an example of the time to prob-
abilities computation.

Example. Let us consider the automaton with two states
in Table 1.

Let the transient fault be the erroneous transition to
the state as instead of a;.

Then corresponding MC Z; that corresponds to
the MC describing the product of two automata has
four states: (1,2), (2,1), Ag, and A; where state (1,2)
describes the case when fault-free and SEU-affected
automata are correspondingly in the states a; and as,
(2,1) means that they are in states as and a1, and Ag and
Aj are the absorbing states mentioned above.

In order to define the MC Z; completely, let us
compute its state transition probabilities (see Table 1).

First, the probabilities that the Z; are in the absorbing
states Ap and A, are equal to 1.

From state (1,2) to Ay, it is possible to get only if the
input vector uyusug is applied; thereby, the probability
of this transition is ¢ p2ps where p; = Pr{z; = 1} and
q =1—p;, 1 =1,2,3. Then both automata transit to
the state ao and their outputs equal to vovy4.

The only way to stay in the state (1,2) is to apply the
input vector ujusus (wWith probability pipops). Then the
fault-free automaton remains in the state a1, whereas the
automaton subjected the SEU hit will be in the state as,
and both inputs vectors are vovy.

The transition from (1,2) to (2,1) is possible with
probability ¢ ¢ if the signal w;u» will be applied, where-
as the outputs are vov4.

Finally, the transition from (1,2) to A; is possible
under input signals u;us (with probability p1q2), uusts
(with probability pip2gs3), and i usuz(with probabili-
ty q1p243).

Indeed, under all of possible combinations of input
signals, there is a discrepancy between outputs vectors of
both automata, which means the state A;. All possible
transitions (determined by corresponding input vectors)
and there probabilities are given in the row “(1,2)” of
Table 2.

Table 2 Possible transitions and probabilities of input vectors

Ao (1,2) 2,1) A
Ao 1 0 0 0
(1,2)  qpaps pip2ps q192 P1q2 + P2gs
(2,1)  qp2ps Q192 p1p2p3  Piqz2 + P2gs
Ay 0 0 0 1

Analogously can be computed all transition proba-
bilities from state (2,1).

Therefore, the probability transition matrix P* of
the MC Z, is:

1 0 0 0
p* — | @P2P3 P1P2P3s Q142 P1g2 + P2q3

@1p2p3 G192 PiP2p3 P19z + P2g3
0 0 0 1

Note that in the matrix P*, the following transition
probabilities are equal:
— from the states (¢, j) and (j,4) to Ao;
— from the states (4, j) and (j,4) to A;; and
— from the states (i, j) to (i, j) and from (j,4) to (j, ).
Let suppose the following probabilities of Boolean 1
in the input vector bits:

p1=02; p2=04; p3=025

6 WHOOPMATUKA U EE TPUMEHEHUWS Ttom 4 Bbimyck 3 2010
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Table 3 Possibilities of different states

t=0 t=1 t=2 t=3 t=4 t =28
Py (t) 0,000000 0,080000 0,120000 0,140000  0,150000 0,160000
pay(t)  0,000000 0,420000 0,630000 0,735000 0,787500 0,840000
p(t) 1,000000  0,500000 0,250000 0,125000 0,062500 0,000000

and the initial distribution of the MC:

p*(0) = (0,1,0,0).

Then
1 0 0 O
pr— 0,08 0,02 0,48 0,42
10,08 0,48 0,02 0,42
0O 0 o0 1
and
(1) = 5 (0)P" =
1 0 0 O
0,08 0,02 0,48 0,42 |
=(0,1,0,0) 0,08 0,48 0,02 0,42
O 0 o0 1
= (0,08, 0,02, 0,48, 0,42) ;
0" (2) =p* (1) P =

= (0,1200, 0,2308, 0,0192, 0,6300) .

The first row of Table 3 contains probability p(g)(t)
that the automaton (see Table 1) will restore the cor-
rect behavior before the fault effect will appear at its
output variables. The second row contains the proba-
bility p(1)(t) where the output variables are corrupted
by the tth step and the third row contains the proba-
bility p(t) = 1 — p(o)(t) — pq1)(t) that the state of the
automaton was changed during a clock (before the mo-
ment t) by a transient fault, but the output will remain
correct.

Note that for this example, both conditional expect-
ed times to reach the state Ay and conditional expected
time to reach the state A; are equal to 2.

7 Concluding Remarks

In this paper, the self-healing phenomenon in digital
systems in terms of product of MC describing faulty
and fault-free FSMs under independent random input
binary signals was analyzed. Since we deal with the
FSM models, it is possible to use this self-healing prob-
ability in analysis of reliability of digital and computer
systems at FSM level of their modeling that is in rather
early design stages. In other words, these models can

be used in reliability analysis of a target system in hier-
archical system design. They can be a base for a tool
of fault-tolerant systems design, dealing with such fault
tolerance aspects as fault detection latency (for perma-
nent faults) [8] and self-healing in presence of some
transient faults (Soft Upset Errors, in particular). Now,
there are some preliminary results of using this approach
to self-healing probability estimation for a self-checking
design [6].

The authors’ model (Eqgs. (1)—(3)) does not take in-
to account probability distribution of the transient faults
during FSM functioning. Therefore, this aspect can be
indicated as a very important issue of the future work.
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OLLEHKA BPEMEHU CAMOBOCCTAHOBJIEHHWA B LHU®POBLIX CUCTEMAX
ITOCIJIE CBOEB, BBISBIBAEMbIX ITEPEXOJHBIMU [TOMEXAMU

C.J1. ®penkens', A. B. [NeunHkun?

HCTUTYT NnpobJjieM nHpopMmaTuku Poccuiickoit akageMun Hayk, Slf-ipiran@mtu-net.ru
" 0. P , SIf @mtu-net
2WHctutyT npobiem nHbopmatuk Poccuiickoit akaneMun Hayk, apechinkin@ipiran.ru

AnnoTtamus: PaccMoTpeH HOBBII MOAXOJ K OLIEHKE CBOMCTB CAMOBOCCTAHOBJICHNS B LIM(POBBIX ccTeMax. JlaHHOoe
CBOWCTBO XapaKTepu3yeT ClIOCOOHOCTH CCTEMBI IIPOIOJIKATE BHITIOTHSATH CBOU (hYHKIIUU B CITydae cOos1 B paboTe
TeX WM MHBIX KOMIIOHEHTOB, €ro y4eT MOXeT ObITh MOJIe3eH MpU pacdyeTe HamexkHocTH. OIeHUBaeTCsT BpeMst
IO BO3BPALIEHUS MPOSKTUPYEMOI CUCTEMBI B PEXXMM HOPMAJIBHOTO (DYHKIIMOHUPOBAHUS ITOCIIE TTPOSIBICHUS
NeNCTBUS BHELTHEl ToMexu Kak GyHKIus pacripenenenus BepositHoctu (DPB) atoro Bpemenu. [pemmoxenst
BO3MOXHBIe TTyTH pacyeta ®PB BpeMeHU 10 caMOBOCCTaHOBIEHUsI Ha OCHOBE MCIOJIb30BaHUM MapKOBCKOI
MOJIe/T TIOBEACHUST IIM(MPOBOIA CUCTEMBI, TIPEICTABICHHON KaK KOHEYHBII aBTOMAT U ITOIBEPXKEHHOM NeiCTBUIO
TIEPEXOTHBIX TIOMEX.

KioueBbie ciioBa: OTKaSOYCTOVI‘II/IBBIe KOMIIbIOTEPHI, CAMOBOCCTAHOBJICHUE U OTKaSOYCTOVI‘II/IBOCTB; NEePpEXOAHbIC
HEUCITPABHOCTU, KOHCUYHBIC MAIIIMHBI COCTOSIHUI; LIETTN MapKOBa
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OB YCTOMYUBOCTU HECTALIMOHAPHBLIX CUCTEM
OBCIIY2KMBAHUA C KATACTPODAMU*

A. . 3eiipman?!, A. B. Koporsiesa?, 4. A. Carun®, C. 4. oprun*

AnHoTtamusa: PaccMmoTpeHBl Momenu oOCITy>KMBaHUS, ONMKMCBhIBaeMbIe MpolieccamMu poxkaeHus u ruodeau (ITPI)
¢ karactpodamu. [lomydeHbI OLEHKU YCTOWIMBOCTU PA3IMYHBIX XapaKTePUCTUK TaKUX cucteM. Paccmorpen

pUuMeEp KOHerTHOﬁ CHUCTEMDbI 06CJTy)KI/IBaHI/IFL

Kirouessie cji0Ba: HecTalMOHAPHBIE CUCTEMBbI OOCTYKMBAHUST; MAPKOBCKKE MOJIESU ¢ KaTacTpohaMu; YCTOMIM -
BOCTb; OIICHKM; ITPeeIbHbIC XapaKTePUCTUKK; alTlPOKCUMALIHS

1 Bsenenue

CucreMBl MacCOBOTO OOCTYXKMBaHUS C KaTacTpPO-
daMu u3yyaarch BO MHOTMX paboOTaX COBPEMEHHBIX aB-
TOpoB (cM., Harpumep, [1—9]). Bornpocsl, cBsi3aHHbIE C
YCTOMYMBOCTBIO HEOTHOPOIHBIX MapPKOBCKMX IIETICH C
HETIPePBIBHBIM BpeMEHEM, BITEPBEIC MCCIICIOBAHEI O~
HUM 13 aBTOpoB B [10] 1 3aTeM OoJjiee OeTaabHO IS
HectauuoHapHbix ITPI B pa6otax [11, 12]. B Hacro-
sielt craTbe OyIeT ucciiefoBaHa YCTOMYUBOCTb OHO-
ro Kjacca Mojiesieid, OlMCbhIBa€MbIX HECTalIUOHAPHBIMU
I1PI c kaTactpodamu. [1Iprnyem OymeT pacCMOTPEH CITy-
Yaif, KoTraa MTHTeHCUBHOCTH KaTacTPO(BI HE 3aBUCHT OT
Yuclia TPeOOBaHMIT B CUCTEME U SIBIISICTCST CYIIIECTBEH -
Hoil. Ciy4aii, Koraa yCTOMYMBOCTb TapaHTUPYETCS 3a
CYET JOCTATOYHO OOJIBIINX UHTEHCUBHOCTE 00CTY KU~
BaHMsI, MCCIIeIyeTCs TakK Xe, Kak B pabotax [11, 12],
a CUTyallnsI, B KOTOPOW WMHTEHCUBHOCTU KaTtacTpod
3aBHUCAT OT YHWCJIa TpeOoBaHMIA, OymeT M3ydaThbCsl OT-
JIETBHO.

IMycte X = X(t), t > 0, — TIPT ¢ katacrpodbamu,
a Ap(t), pn(t) u £(t) — MHTEHCUBHOCTU POXKICHUSI,
rubenu 1 Katactpodbl COOTBETCTBEHHO.

OGosHaunm  uepe3  p;;(s,t) = Pr{X(t) =
=j|X(s)=1}, i,j > 0, 0 < s < t, mepexon-
Hble BeposiTHocTH mpoiiecca X = X (t), a uepes
pi(t) = Pr{X(t) = i} — ero BeposITHOCTU COCTOSIHUIA.

[Ipy BBIMOJTHEHUM €CTECTBEHHBIX MOIOTHUTEb-
HBIX YCJIOBUM (cM., Hampumep, [13]) mpsimyto cuctemy
KonmMoroposa aist BEpoSITHOCTE COCTOSTHU I

% = —(Ao(t) +&(t) po + pa(t)pr + £(1) 5
% = M1 (O)pr—1 — (A (t) + pr(t) + (1)

+ g(t))pk + :u‘k"rl(t)pk-i-l ) k Z 1 B
MO2KHO 3arucaTtb B BUIC I[H(I)(I)epeHHHaHBHOFO ypaB-

HCHUA

D Ap+a).

B TIPOCTPAHCTBE IOCJAENOBATEIbHOCTEH I1, TIae
g(t) = (£(t),0,0,..)", p(t) = (po(t), pr(t),...)" —
BEKTOP-CTOJIOEL] BEPOSITHOCTEN COCTOsIHMIA; A(t) =
= {a4(t), t > 0} — marpuua, mopoxmaemasi CUCTe-
Moii (1), IpU 3TOM ee 3JIEMEHTHI OMPEALTSIOTCS 10
dopMynam

t>0 )

Xic1 () ectu  j=1i—1;
fit (t) ecmn j=i+1;
aij(t) = ¢ — (N (t) + i (t) +
+&(1) ecnu  j =1,
0 B OCTATBHBIX CITYUasiX .
Jlanee mpesmonaaraeM, 4to
An () =vnA (L), pin (t) =mp(t) , t=0, neE,

rme0<mn, <M, 0<wv, <M, a«ba3ucHbie» HyHK-
. A(t), p(t) m £(t) MTOKaNIbHO WHTETPUPYEeMbl Ha
[0;00) W (TSI IPOCTOTHI BBHIYMCIICHUI) OTPaHUUYCHBI,
T.e.

A(t) +p(t) +€(t) < L < o0
MOuTH Mpu Beex t > 0 (cM. ToApoOHOE pacCMOTpeHUE
B [14—16]).

*HUccnenosanue nonnepxano rpantamu PO®OU 08-07-00152 u 09-07-12032. CraTbs HamucaHa Ha OCHOBE MaTepUaioB JOKIAAA, TIPe/-
craBieHHoOro Ha IV MexnyHapoaHoM cemuHape «[IpukiiagHble 3a1a9u TEOPUU BEPOSITHOCTEN M MATeMaTUIEeCKOW CTATUCTUKY, CBSI3aHHBIC C
MOJIEJIMPOBaHKEeM MH(MOPMALIMOHHBIX CUCTEM» (3UMHSIS ceccust, Aocta, Mtanus, suBapb—despanb 2010 ).

1 Bosoronckuit TocynapcTBeHHBII TIeIarornyecKuii yausepcutet, MHCTUTYT mpobnem mHbopMaTuku Poccuiickoil akageMun HayK 1
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O6o3HaunM dYepe3d 2 = {x: x>0, ||x]; =1}
MHOXKECTBO BCEX CTOXaCTUUECKUX BEKTOPOB.
Torna

IA(t) |y =sup Y _|as;(t)] < 2ML
I

IMOYTH TIpH Bcex ¢ > 0, a 3HA4YWT, 3amavya Komm ms
ypaBHeHUs1 (2) ¢ HadaabHBIM ycrioBreM p(0) mmeer
€IMHCTBEHHOE pellIeHne

rne U(t,s) — omeparop Komu ypaBHeHust (2). [lpu
atoM eciu p(s) € 2, Tou p(t) € Q pu 06OM ¢ > s.
PaccmoTpum teneps «Bo3mytieHHbIM» [1PIC ¢ kaTa-
crpopamu X = X (t), t > 0, o6o3Ha4as yepes A, (t),
fin(t) 1 &(t) ero HHTEHCMBHOCTH POXIEHUS, TUOEIH 1
KaTacTpodbl COOTBETCTBEHHO.
BBeneM obo3HaYeHMS:

JJ1s1 TpOCTOTHI 3allUCU OLIEHOK OyneM Mpennosa-
raTh, YTO BO3MYILEHUS «pPaBHOMEPHO MaJlbl», T. €. TIpU
BCEX M U TOUYTHU BceX ¢ > () BBIMOJHSIIOTCS HEpAaBEeHCTBA

Sl S o1yl @] < 2.

if<e O

2 YCTOWUYMBOCTH BEKTOpa
COCTOSIHUM

Beinuiiem npsimyto cructemy Koamoroposa, coot-
BETCTBYIOIIYIO BO3MYIIIEHHOMY ITPOIIECCY,

P~ Awp0) +20).

4
Beenem o6o3HayeHUS:
At) = A(t) — A1), g(t) =g(t) —&(t).
INepenuuiem cuctemy (4) B Buae

P _

P — AWB() +g(t) - AWB(H) — &(1).

ITonyuaem

10

- [vten) (Anp(n) + &) ar.

B aToM maparpace BO3MOXHO paccMOTpeHHe He-
nocpeacTBeHHO 1Mo Hopme /1. [lycte p(0) = p(0),
ToTIa

o) =50l < [ VD] (1A 5] +

+llg)l) dr.

WUmeem Tenepb

(5

", 3BHA4YMUT,

(IA@IIBEI + 18] < (2(e1+e2)+20)+25 =
e 2(51 + €2 —|—83).

Hanee, oueHuUBas JiorapuMUIeCKyr0 HOpMY oOIle-
paropa A(t) B mpoctpancTse [; (cM. [7]), monydaem

Y(A®), =sup [ ai(t) + Y laj(®)] | = —£).
! J#i
Torma

t
= [&(r)dr
U s)| <e =
st Beex 0 < s < t m (popMynImpyeM clieaylolee yIBep-
XIEHUE.

Teopema 1. [lpu cosénadenuu HauanbHbiX YCA08UU 0
ucxoonoeo u eozmyujennozo INPI ¢ kamacmpogamu ons
ecext > 0 cnpasedausa caedyruas OUeHKa:

Ip(t) =Bl <

t - ft &(r)dr
§2(€1+62+€3)/ e °1 dsy .
0

(6)

Caencreue 1. [lyemo £(t) > £ > 0 noumu npu écex
t > 0. Toeda emecmo (6) noayuaem

Ip(t) - p(t)] < % .

3ameuanne 1. bBoiee TouHBIE OIIEHKW OTKJIOHCHMS
MOXHO TIOJYYWTh, OCJIA0MB YCJIOBUS MaJIOCTU BO3MY-
LIEHUH 1 TOTpeOoBaB, YTOOBI BMECTO (3) BBHIMOJHSIIUCH
IPU BCEX N U TIOUTH Bcex ¢t > () HEpaBEeHCTBA
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OO0 ycTOIYMBOCTH HECTAIIMOHAPHBIX CUCTEM OOCITYyKMBaHUS ¢ KaTacTpodamu

An(t)‘ < e1&(t);
i (t)] < €28(2) 5 (7)
€| < =),

a KpoMe TOTO, YTOOBI OBLIO BBITIOJTHEHO €CTECTBEHHOE
YCJIOBME CYIIECTBEHHOCTH KatacTpod (cM. mompod-
Hee [11])

/§ )dr = +00. (8)
0

3  OueHka aj1sl CpeJHero

O6GozHauum uepe3 Fi(t) = E{X(t)|X(0) =k}
MaTeMaTU4YeCcKoe OXXUIaHue TPpoliecca B MOMEHT ¢ MPU
YCJIOBUM, YTO B HYJIEBOI MOMEHT BPEMEHU OH HaXOAUT-
¢ B cocTtosiHUU k. MHOrma OyneT BCTpeyaThCsl TaKXKe
HECKOJIbKO GoJiee obLiee BeipakeHue Ey, (1) — 3To Ma-
TeMaTU4YeCcKOoe OXWIAHME Ipoliecca B MOMEHT ¢ Tpu
HayvyaJIbHOM paclpeieIeHUU BepOSITHOCTE COCTOSTHUIA
p(0) =p.

CoOTBeTCTBYIOIIME BbIPAXXEHUST IJISI BO3MYIICH-
HOro mpouecca OyaeM 0o6Go3HayaTh 4epe3 Ly (t) =
=E{X(t)|X(0)=k}uEp(t) )

Jlerko Buzerb, uto Torma |Ep(t) — Ep(t)] <
< >4 Klpk(t) — pr(t)]. TToaTomy B KayecTBe OCHOB-
HOTO B 3TOM MYHKTE BbIOEPEM MTPOCTPAHCTBO MOCTENO0-
BaTebHOCTeH l1p = {2 = (po, p1,P2,.-.)} € l1 TaKux,
uto ||z|1p = Y, k|pk| < oo. K coxanenuto, B 3T0it
CBSI3aHHBIX C HEll HOpMax OLIEHKY TuMa (5) Hermocpe-
CTBEHHO TOJYYUTh HE YIAETCs, TOATOMY MPUXOIUTCS
BBIOMPATH IPYTOil CIOCOO MaTbHENIITNX PACCYXKIECHUIA.

Jns monydeHus1 OoJiee MPOCTBHIX OLIEHOK Oynem
npeamnosiarate, Yto Haiinyrest p € (0;1) u Hatypaib-
Hoe k Takue, 4TO JJIsT BCEX 7,t BBIIOJTHEHO YCIIOBUE
(1/k)An(t) < (1 = p)&(2).

[lepenuineM UcxomHyto cuctemy (2) s HEBO3MY-
LIEHHOTO Tpoliecca B CIENYIOIEM BUIE:

2_1; = A(t)p(t) + &() + A()p(t) + &(1).

DTO O3HAYyaeT, YTO B 1000 HOPME MPU OIAMHAKOBbBIX
HavyaJbHBIX YCJIOBUSIX CITPaBEIIMBa OLIEHKA

Ip() =)l <

< [ 1@l (L@@l + 1gol) . ©)

PaccMoTpuM Temeps MaTpHILy

Dy, = diag | k,k,k, ...k k+1,k+2, ...
—_——

k+1

Y COOTBETCTBYIOLLEE TPOCTPAHCTBO ITOCIENOBATEIbHO-
creit I, = {z = (po, p1,p2,--.)} TaKuX, 4TO ||2||1% =
= ||Dyzl||1 < oo. Torna, 04eBUIHO, TPH JIIOGOM LIEJIOM
HeoTpuuatenbHoM k umeeM ||z|1g < ||z||1k-

OuenuBast sorapudmudeckyro Hopmy y(A(t))1k,
nosyyaem

M
K

Y AM®) 1k = (DeA®) Dy 1 <

At) = €(t) <

MMOCKOJIBKY CyMMa IO KaXXIOMYy W3 CTOJIOLIOB C HO-
mepamu 0,1,....k — 1 paBHa —{(t), a ecam HO-
Mep crojbua n > k, TO cyMMa IO 3TOMY CTOJIOLLY

ecth ((n+1)/n)An(t) = (An(t) + pn(t) +£() +((n —
= 1)/n)pa(t) < (1/n)An(t) —&(t) < (M/E)A(E) —&£(2).
Hanee

IA® 1k = I1DRA®) D 11 <
_2k+1 21
=Tk k

€1+ €9+ e3 <361+ 2e9+€3.

A Torma

V(AN < ADEADDL 1 + A1k <
< —p&(t) +3e1 + 2e2 + €3

O1eHNM Tenepb

@)l < [IU(#) 7)dr|u <

||1k+/||U (t,7)
f —p€(u)) du f( p€(u)) du
< et Ip(0 ||1k+k/5 dr <

k
< @)l + 2 < 00

nipu 1o60oM p(0), mockombky ||g(7)||1x = k&(T). Te-
nepb ¢ yuetoM (9) umeem
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’Ep(t) - E ( )’ <|lp(t) — p(t Hlk <

((361+252+63 <|p Mk + )+

+ kag)/e—-ﬂ@ﬁ(u Tiam2m ) dugr - (10)
0

Teopema 2. [Ipu cosnadenuu HauarbHbIX YCA0BULL 045 UC-
X00H020 u 803myuyernoeo IPI c kamacmpogamu 015 6cex
t > 0 cnpasedausa oyenka ycmoiiuugocmu cpedneeo (10).

Cneacreue 2. [lycmo £(t) > & > 0 nowmu npu écex
t >0, a X (0) = 0. Toeda emecmo (10) noryuaem

|Eo(t) — Eo(t)] < ((351 +2e9 +e3) % + kag) X

X (p€ — 3e1 — 2e9 — 53)71

3ameuanue 2. bojee TOUHBIE OLIEHKM OTKJIOHEHUS
MOXHO MOJYyYUTh, OCIA0UB YCIOBUSI MAJIOCTU BO3MY-
weHuit (cM. (7) u (8)).

4 Ilpumep

B coBpeMeHHBIX MoOENsSIX, CBSI3aHHBIX ¢ (PUHAH-
COBOW MaTeMaTHUKOI, pacCMaTpUBAIOTCS MapKOBCKHE
LIENU ¥ UX YCTOMUUBOCTH (cM. [17—19]).

PaccMoTpuM 31ech MpOCTEiIITyI0 HeCTallMOHAPHYIO
MO/IeJIb, OMKCHIBAIOIIYIO YUCIO KIUEHTOB CTPaXOBOM
KOMITaHU Y.

A VIMEHHO, TIyCTh BHavaJie

An—1(t) = A(t) =5+ 5sin 27t ;

tn(t) = pu(t) =5+ 5cos2nt
E(t)y=1+sin2nt, n>1,
aBCceE; = €.
IMpuMeHas MeTOALl, ONKWCAHHBIE B  HAIINUX

MPEAbIIYIINX paboTax, U CTPOS IMOCIeI0BaTEIbHOCTD
aMTMPOKCUMHUPYIOIINX TIPOIIECCOB TaK, KaK 3TO Ipe-
JoxxeHo B [20], TToydaeM ciiemyrolee YTBepKIeHHeE.

Teopema 3. Cnpaseodausa caedyroujas oueHka:
npu X(0) = X,,(0) =0

4268
2N+3

Iw(t) — P (£)]l1 < 27" +

npu écext > 0 u arobom N.

HOKa3aT€J’IBCTBO . OT™MeTUM IIpEXIC BCETO, YTO

[7(t) —=pn (@)l < lI7(t) —p®)llr + [p(#) — Py (#)]l1 -

BOCHOJ’[I)?)YCMCH BHa4daJi€¢ HCpaBCHCTBOM

[p™(t) —p™ ()| <
[A(A@),dr .
<e C P (0) = pT(0)]x <
—ft (14-sin 27t)dr e
<e ® [p™(0) =™ (0)]1 <
< e '[lp*(0) = p™* (0)]1-

Teneps, BoiOupast p*(0) = «(0), p**(0) = p(0) =
= ep, MOJTy4aeM MepBoe claraeMoe mpasoit yactu. [la-
Jee paccMoTpuM ||p(t) — pn (t)||, st motydeHust BTo-
POTO ClIAraeMoro.

ByneM OTOXIECTBASTH BEKTOpPBI (21,...,ZN,0,
0,.. .)T u (x,... ,:cN)T. PaccMoTpuM mpsIMyIO cuc-
Temy KoiMoroposa Jijist ICXOMHOTO Mpoliecca B Cley-
o1ieit popme:

9P _ () +g(0) + (A()

T —An()) P

a TaKXKE€ COOTBETCTBYIOLIYIO CUCTEMY

dpN

T An(t)pn +g(t)

JIJIS yCEUEHHOTO TIpoliecca.
Nmeem

t

O)—|—/UN(t,T)g(T) dr

0

pn(t) = Un(t)p(

npu p(0) = pn(0) u

t

Un (£) p(0) + / Un(t,7)g(r) dr +
0

p(t) =

t

+ / Uy (t,7) (A(T) — AN (7)) p(7) dT .

Torna nmonyyaem

Ip(t) —pn(D)] <

/HUNmnn A(r) -

Hanee |Un(t, 7)1 =1,a

An(7))p(7)|ldT .

(A-=AN)Pp=1(0,...,0, = ANDPN + UN+1PN+1,
ANDN — (AN41 + pn41 + &) PNt
+ +UNt2PN 12, - )T ;
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I(A = An)pll < Al Y oo =

n>N

= (21+11sin2rt+10cos2mt) > pn <42 > po.
n>N n>N

C npyroit CTOPOHBI,

d(2"pn)
Z dt

n>0
— Zzn (2,\ (An +un+§)+7>pn <
n>0

<> 2"(1,5+ 4sin 27t — 2,5 cos 27t)p,
n>0

M, 3HAYUT,

> 2"

n>0

= 7 <8 2"p,, .
S <8 2"
Orcrona

Z 2npn < e8t Z 2npn

n>0 n>0

2V Y pa< Y 2'pa< e,

n>N n>N

a Torga

Takum o6pazomMm,

t
4268 4268
-pn()] < N dTva
0

OTKYyZJa IMOJIydyae€TCsda BTOPOEC CiiaracMoe€.

Ip(?)

Terepb HECIIOKHO ITPOBEPUTD, UTO JIJIST TOCTPOCHMS
MIPeIeIPHOTO pexkMa IUIST HEBO3MYIIIEHHOTO ITPOIIEC-
ca ¢ ToyHocThio 108 mocratoyHo BeIOpaTh N = 273,
t € [20,21].

Teopema 4. ITpu X (0)
OoueHKa

= Xn(0) = 0 cnpagedausa

ke Pt n 2268
P 2V

|p(t) — Eon(t)] <

npu ecext > 0 uarwbom N > k.

Jdoxa3zatenbcTBO.IlepBoe caraemoe mpaBoii gac-
TH BBITEKAET U3 HEpaBeHCTBA

Eo(t)] < |[p(1)
<lp(t) -

|Ex(t) — —m(t)e <

7 (0l < 7(0) ke ™",

eciaM TpexBapuTesNibHO  BbIOpaTh p*(0) = 7(0),
p*™(0) = p(0) = ey U BOCIOJB30BATLCS PACCYKIIC-
HUSIMU TEOPEMBI 2.

Ouerum ||7(0)||1x. meem ¢ yuetom 1-niepromny-
HOCTH

()i < T (1) <

< T ()8 0 4

t t
—pfﬁ(u)du
+ / lo@ e 5 " ar | <

&(u) du )
< Tm <E(1 — e o Eu)duy ) E
t—o0 P 14

Teneps paccmoTpuM |Ey(t) — Eo n (t)| a01st momyye-
HUSI BTOPOTO cllaraeMoro. B 11060 HopMe BBITIOHSI-
ercst

< lim

t—oo

7)™ Pt+k/s

Ip(t) — pn(t)]| =
t
— || [ ow r) (ar) A p(r) s
0
PaccmoTpum Marpuiy Kot
u(% ..uéVN 00---
u% ..u{VN 00---
Unv=|uRy. uNpy00---
0O .. 0 10---
0O .. 0 O01---
Torna
(A= An)Pp=1(0,...,0, =ANDPN + UN+1PN+1

ANDPN — (AN4+1 + pv1 + &) pvsr +
T
+UNf2DN42, )

", CJI€OJOBATCIbHO,

Un(A—ANn)p =
ugn (—=ANDPN + UNf1PN+1)
N
Uin (

ANDPN + UN+1DN+1)

uNy (“ANDN + UNF1PN11)
ANDN — (AN41 + pn+1 + &) PNt1 + UN+2PN+2
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A. U. 3eiigpman, A. B. Kopomwiwesa, 4. A. Camun, C. 4. lllopeun

C y4eToM HepaBEeHCTB uf}’ (t,7) > 0 (pu Beex ¢, j, ¢, 7)
M PaBEeHCTB ) , uf\; (t,7) = 1 (npu Bcex j, t, T) mosyyaem
OIIEHKY

||UN(A - AN)p||1E =

= | = ANDN + UN+1PN+1] Z gy +
n<N

+ Z (n + DAapn = Ant1 + st +E)Pnv1 +
n>N

+ 2Pzl < @A+20+ (D npa+ D> pa)-
n>N n>N

IepBoe craraemMoe yXe OLICHEHO: ». o nDn <
< e8t/2N, -

PaccmoTpuM nepBoe ciaraeMoe 1 OLIEHUM ero aHa-
JIOTUYHBIM CITOCOOOM, YIMUTBIBasl, UTO 2A(t) — u(t) <
< 25,

d(z npn)

n>1 <
dt -
< AB)po + (ME) = () D pn — (1) Y npn <
n>1 n>1
8t 8t 25 8t
< (M) ~ () gy + XD 3y < Ty
Torna

[UN(A = AN)pllhie <
8t
< @O+ 2000 + €0 o (2 +1)

U TIOJTyJaeM

[Eo(t) — Eon(t)] <

0,480
0,432
0,384
0,336
0,288
~ 0,240
0,192
0,144
0,096
0,048

0,000
20,0

T

T

I I I I
20,2 20,4 20,6 20,8 21,0

t

Puc. 1 TIpubnukeHHOe 3HaUEHNE NPENETbHOM BeTMIMHbBI
Jo(t) = Pr (X (t) = 0) wrs ciyyast 1. Cpentee 3HaUCHNE 110
nepuoay npubanxeHHo pasHo 0,319

J1s1 TOCTpOEHUSI TIPEeNebHOIO CPEIHEro HeBO3-
MYLIEHHOTO MpoLecca ¢ TOYHOCThio 108 BeIGupaem
N = 341, t € [26,27], nonoxus mpu 3ToM p = 0,9;
k = 50.

Hanee, B oueHKax ycroitunboct (6) 1 (10) Teopem 1
U 2 mojlydyaeM, BeIOUpasi €1 = €9 = €3 = &,

t
Ip(t) — B(t)]| < 6 / e FTEW B g7 < et/
0

171
| Ep(t) — Ep(t)] <
t
< (@ + ka) /e—ff (pg(u)=6e)) du g <
p
_ ko4 6) e
p(p — 62)
COOTBETCTBEHHO.

ITycTb Tenepb MpH TeX Xe MHTEHCUBHOCTSIX MTOCTYTI-
JIEHUsT U OOCIYKMBAHUSI KIIMEHTOB A\, —1(t) = A(t) =
= 5+45sin27t, p,(t) = p(t) = 545 cos 2wt MHTEHCUB-
HOCTb Katactpodsl &(t) = 2 + 2 sin 27t BABOE GOJbIIIE.

Torna TeM e 06pa3oM TPOBEPSIETCsI, YTO IS MO-
JIydeHusl TpeOyeMOil TOYHOCTH TIPEAENbHOTO pekrMa
JIOCTaTOYHO B3Th N = 127, ¢ € [10, 11], a my1st mocTpo-
eHUsT TIpeesibHoro cpenHero — N = 155, ¢ € [13, 14].
ITpu 5TOM BBIMTMCAHHbBIC OLEHKH YCTOMYMBOCTH 3aBe-
ZIOMO TaKXe BBITIOTHEHBI.

WHTepecHO CpaBHHUTH TMOCTPOCHHbBIE HUXE Ipe-
IeJIbHbIEe XapaKTePUCTUKU PACCMOTPEHHBIX TPUMEPOB
(puc. 1-4).

0,60
0,54
0,48
0,42
0,36

~ 0,30
0,24
0,18
0,12
0,06 |-

0,00
10,0

T

T

T

I I I I
10,2 10,4 10,6 10,8 11,0

t

Puc. 2 TpnGnkeHHOe 3HaYEHNE NMPENETbHOM BeTUIMHbBI
Jo(t) = Pr (X (t) = 0) wrs cayyast 2. Cpentee 3HAYCHNUE 10
rnepuoy npuoakeHHo pasHo 0,433
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OO0 ycTOIYMBOCTH HECTAIIMOHAPHBIX CUCTEM OOCITYyKMBaHUS ¢ KaTacTpodamu

3325F
2,993
2,660 |-
2,328
1,995
1< 1,663
1,330
0,998
0,665
0,333

0,000 I I I I
26,0 26,2 26,4 26,6 26,8

T

27,0
t

Puc. 3 TpubGamxeHHOE 3HAYEHHUE NPENEILHOTO CPETHETO
JUISE BO3MYIIIEHHOTO Tpotiecca (cayyail 1). CpenHee 3Haue-
HMeE TI0 TIEpUOIYy — OHO K€ JBOITHOEe cpeaHee — MpuOIu-
JKE€HHO paBHO 2,100
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NHPOPMATUKA N EE NPUMEHEHWSA, 2010. T. 4. Buin. 3. C. 16 21

BAMECOBCKHWE MOAEIN MACCOBOI'O OBCJTYKUBAHUSA
N HAAEXKHOCTU: XAPAKTEPUCTUKHU CPEAHEI'O YNCIIA

3A5IBOK B CUCTEME M |M|1|c0*
A.A. Kynpssues?, C. 4. loprun?

AnHoramus: JlaHHasi paboTa IPOLOJIKAET Psifl CTaTell, IOCBSIIEHHBIX 6alieCOBCKMM MOJEISM MacCOBOIO 00CIIy-
>KMBaHUSI M HaJIeXKHOCTU. B paboTe paccMaTpuBaloTcst BEpOSITHOCTHBIE XapaKTePUCTUKU CPETHEr0 YHUCIIa 3as1BOK B
cucteme M |M|1]co B YCIOBUSIX paHIOMM3ALIK TAPAMETPOB BXOJSIIIETO TIOTOKA M 00CTy XKuBaHUs. OOCyXnaeTcs
UHTEPIIPeTalysl M0Jy4aeMbIX PE3YJIbTaTOB C YYETOM BO3MOXKHOI HECOOCTBEHHOCTU pacIpelie/IeHUs] CPEIHEro

YyucIia 3as1BOK.
KmoueBbie ciioBa:

OalieCOBCKUIA noaxoa, CUCTEMbl MacCOBOTI'O O6CJ'ly)KI/IBaHI/IH; HaJI€XHOCTb, CMCIIAHHBLIC

pacnpencacHuda; MOACIUPOBAHUC, HECOOCTBEHHOE pacrnpenciacHue, <<I[C(I)CKTHOC>> pacrpeacicHue

1  OcHOBHBIE NIPEANOJIOKEHUS
1 0003HAYEHU S

ITonpoGHOe u3oxXeHnue OCHOB 0alieCOBCKOIO IO/ -
XO/la K MOAETMPOBAHUIO CHCTEM MAacCOBOTO OOCIy-
sxkxuBaHusl (CMO) 1 HeHaleXKHbIX BOCCTaHABIMBaEMbIX
CHUCTEM, a TakXke pe3yJbTaThl BHIUMCIEHUS] OCHOBHBIX
BEPOSITHOCTHBIX XapaKTepUCTUK KO3(hOUIIMEHTOB 3a-
IPYy3KU M TOTOBHOCTU cucteMbl M |M|1|0, BXOmHBIE
mapaMeTpbl KOTOPOWl He M3BECTHBI MCCIIEOBATENIO B
TOYHOCTHU (M3BECTHO JIMIIIb UX alipMOPHOE pacrpeme-
JIEHWE), MOXXHO HaiiTi B pabotax [1—6].

OCHOBHBIM MPEAIOJOKEHUEM B paMKaxX TaHHOTO
noaxona st mogeneit M|M|1 siBisiercst paHIOMU-
31T UHTEHCUBHOCTEN BXO[SIIIETO TOTOKA A M 00-
ciayxuBaHus p. Ilpu 3TOM, €CTeCTBEHHO, CTAHOBUT-
Cs1 CJIyYaiHOM M 3arpy3Ka pacCMaTpuBaEMOM CUCTEMBI
p = A/, OT 3HAYSHUS KOTOPOii, B YaCTHOCTH, 3aBUCHUT
HaJIMYMeE CTAIMOHAPHOTO PEeXMMa Y pacCMaTpUBaeMOi
cucteMbl. Kpome Toro, BenmunHa p BXOAUT BO MHO-
rve (GopMyIbl, OMUCHIBAIOIINE XapAaKTePUCTUKU pa3-
HooOpa3Heix CMO. B cratbe paccmaTpuBaeTcs ogHa
U3 TaKUX XapaKTepUCTUK, a UMEHHO CpeaHee YUCIIO
3as1BOK B cucteme M| M |1|oo

B nmanbHelieM M3noXeHUU OyaeM Tpearosararhb,
YTO BXOJIHBIE TTApaMeTPhl CUCTEMBI CTOXaCTUIECKH He-

*Pabora BeimonHeHa npu noanepxke PODU, mpoextst 08-07-00152-a, 08-01-00567-a u 09-07-12032-opu-m.

3aBUCUMBI 1 MMEIOT BBHIpOXIeHHOe (D), paBHOMEp-
Hoe (R), axcnioHeHManbHoe (M), DOpnanra (£) pac-
npeneneHue. B ckoOkax OyaeM yKa3blBaThb COOT-
BETCTBYIOIIME MapaMeTphl paclpeae/IeHsI, HallpuMep
o6osHaueHue D(a) OyaeT COOTBETCTBOBATh BHIPOX/ICH-
HOMY B TOYKE ¢ PacIIpeeSICHHIIO.

2 DyHKLMS pacpeneacHust
1 IUIOTHOCTh

bynem 0603HauaTh QYHKLMK pacIipenesieHusl CIIy-
YalHBIX BEJIMYUH p U N COOTBETCTBEHHO

F,(x) =P(p < x);

Fy(z) =P(N <z)=F, (H—I

T (1)

) , v >0.
O6osnaunm uepe3 f,(z) u fn(z) cooTBeTCTBYIOIINE
m1oTHOCTU. OYeBUIHO,

1
(1+I)2fp<1f_$) >0,

Jnsa ymobcTBa JajibHEMIIEro U3M0XKEHUs TpUBe-
JieM Tabauiy hyHKLMI pacnpeneaeHust KoadduimeH-
Ta 3arpy3KHM p TP pa3IMYHbIX paclpeaeIeHUSIX MHTEH -
CHBHOCTE BXOMISIIIETO TTOTOKA A\ M OOCITYy>KUBAHMS [i.
[IpencraBiaeHABIC pe3yIBTaThI OITyOITMKOBAHBI aBTOPaA-
MU B paboTax |3, 5, 6]. (Lns npencraBieHust GyHKIIUN

In(z) =

CraTbsl HamucaHa

Ha OCHOBE MaT€puajJoB AOKIaaa, MPEACTAaBICHHOIO Ha v Me)KHyHapOHHOM CEMUHape <<HpI/IK)'[a£[H]>IS 3agayu TCOpUun BepOHTHOCTeﬁ u
MaTeMaTU4eCKOM CTaTUCTUKH, CBA3AHHBIC C MOICIMPOBAHUEM I/IH(I)OpMaLII/IOHHHX CUCTEM» (3I/IMHHH ceceudd, AOCTa, I/ITaJTI/IH, SIHBapb—

despanb 2010 ).

"MockoBckuit rocynapcTBeHHbI yHUBepcuTeT M. M. B. JloMoHOCOBa, (haKyaETeT BBIMMCIUTENBHON MAaTeMATHKU U KUOEPHETHKH,

nubigena@hotmail.com

2WuctutyT npobaeM nHdopMaTuKn Poccuiickoil akazeMny Hayk, sshorgin@ipiran.ru
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baifecoBckue MoaeIM MaccoBOTO 06CJ'[y}KI/IBaHI/IH 1 HAACXKHOCTU

Tabmma 1 ®yukuusa pacnpeneneHus KoabbULMEHTA 3arPy3KU O

A " F,(z), x >0
D) M(a) ooor/e
() B(n,) eoia 3 L)
M(0) D(p) 1—e Ho"
M(6) M{() %
M(0) E(n,a) 1- (ﬁ)
E(k,0) D(y) 1 — ¢ hoe i (an_z')m

m=0 '
Bk, 0) M(a) (%)
n+k—1 n—1 m
E(k,0), k>2 | E(n,a), n>2 (%) 3 (%)

pacripeesieHrsT DpJlaHTa ¢ TapaMeTpaMH k U 116 B CITy-
yae, Korma A umeer pacnpeneneHue F(k,60), a p —
D(u), ucrionb3oBana dopmyna 3.351.1 u3 [7].)

Kaxk uszBecTHO (cM., Hanmpumep, [8]), npu Kiaccu-
YecKOil MOCTaHOBKE 3aJaul BeIMYUHY [N UMEeT CMBICIT
paccMaTpuBaTh TOJIbKO B ciydyae p < 1 (B MPOTUBHOM
ciydyae N = oo). Ilpu GailecOBCKOM MOAXO[€e HENb3s
OIHO3HAYHO CKa3aTh, KAKOe 3HAUCHUE ITPUMET BEJIH-
YHHa p, a CIeI0BaTEIbHO, allpUOPY HEIb3sl caeaaTh 1
TOYHBIX BBIBOJOB O TOM, OyIET JIM CUCTeMa TMeperno-
HATbCA. BriojiHe ecTecTBEHHO, YTO OCHOBHYIO pOJib B
IIPOTHO3aX, KacaloIINXCsl CPEIHETo Yucia 3asiBOK [V,
OymeT UTpaTh BeJTUMINHA

3)

Ipu aTOM, eciu He BBITTOJTHEHO yeinoBue P(A < u) =1,
BeJIMYMHA O OyIeT IMOJOXUTeJNbHOW. B 3ToM ciy-
yae (DyHKLMSI pacmpefesieHus paHIOMU3UPOBAHHOTO
CpEeJHETOo YrcIia 3asiBOK B CUCTeMe OyJeT oTaeieHa OT
eMWHULIBI HA BETMYUHY §. IpyTUMU clioBaMu,

§=P(p>1)=1-F,(1).

lim Fy(z)=1-9.

r—00

“

[Tpu paccMoTpeHNN pacTpeneaeHII, 00IaIaloIIIX
cBoiicTBOM (4), BO3MOXHBI ABa momxoma. CoriacHo
nepBoMy (cM., Hampumep, [9]) mpeamnonaaraercs, 4To
clydaitHas BeluyuHa N MOXKET TMPUHUMATh 0ecKo-
HEYHOe 3HaYeHUE C MOJOXUTEIbHON BEPOSITHOCTHIO.
B stoM ciyyae N Ha3bIBaeTCs PaCIIMPEHHON CIIy-
yaitHo#t BeamunHoM. ComTacHO BTOPOMY MOIXOIY
(cM. [10]) nenaercst mpeAnoa0XeHHUe, UTO «Macca» pac-
npeneaeHus caydyaiiHoi BeJTUUnHbI N CTPOro MEHbIIIE

WHOOPMATUKA U EE TPUMEHEHUWS Ttom 4 Bbimyck 3 2010

enrHuubl. [Tpr 3TOM camo pacripeeieHre Ha3blBAETCs
HECOOCTBEHHBIM WM «Ie(MEKTHBIM», HO TIPEAIIONIOKE-
HUI O BOBMOXXHOM O€CKOHEYHOM 3HAYEHUHU COOTBET-
CTBYIOLLIEW CIYYalHOM BEJIUYUHBI, I10 CYTH, HE AEIacT-
csl. 3aMeTuM, YTO JUIs1 UCcClleoBaTelIsl 3a4acTylo bosee
y1o0eH BTOPOi MOJAX0 K JaHHOI MpodsieMe, MOCKOJIb-
Ky, HalIpuMep, MaTeMaTUYECKOE OXKUIaHUE PACIIUPEH -
HOW clTydyaliHOM BEJIWYMHBI BCeTda paBHsSIETCSI OECKO-
HEYHOCTH, B TO BpeMsI KaK MaTeMaTUUeCKOoe OXUAaHUE
«1e(heKTHOM» CIyJYallHOI BEJUYMHBI, paccMaTpuBae-
MO€ KaK KOOpAMHaTa IIEHTpa MacC CUCTEMbI, Macca
KOTOPOI MEHbIIE eIUHUIIbI, MOXET ObITh KOHEYHBIM
YUCIIOM.

Cnenys tepmuHojioruu [10], Ha3oBeM BEJTMUMHY 0,
onpeesieHHyIo B (3), «degexmom» cucmembt.

IMpuBenemM 3HaYECHUS BEIMYMHBI «AeeKTa» § IS
baiiecoBckux CMO mpu pa3sTAIHBIX ITPEIITOT0XKEHM -
sIX 00 alPUOPHBIX paclpeaeIeHUSIX UTHTEHCUBHOCTEM A
u p. [Ipumensist bopmyiy (3) K BeIpakeHUsIM U3 Taoit. 1,
TTOJTYIUM PE3yIbTaThl, IOKa3aHHBIC B TA0I. 2.

AHAaJOTUYHO, 3Hasl BUI (DYHKILIMU pacripeaeaeHus
Koa(hdulIMeHTa 3arpy3KHu p U BOCTIOIb30BaBIIUCH (hOp-
Mynamu (1) 1 (2), HECIIOXKHO TIOIYYUTh BBIPAKCHUS
11 GYHKIIMKU pacripenesieHus U TJIOTHOCTU Cllydyaid-
Hoil BenmuuHbl V. He Oynem ocTtaHaBIMBAaTbCS 31€Ch
Ha pe3yJbTaTaX, MOJYYEHHBIX IJIs pacripefeseHuin A
W 4, 3aJaHHBIX B Ta0J. 1, TOCKOJIbKY OHM HE CYIle-
CTBEHHBI JIJI51 JAJIbHEHIIEro U3JIOKEHUS U TTOTydaroTCs
TPUBMATLHOMN 3aMEHOU TTepEMEHHBIX.

Janee npuBeneM BaXKHbIM MTPUMEP CUCTEMBI C HY-
JIeBbIM «JIeeKToM». B cuiy mocTtyaupyemoit Hesa-
BUCHMOCTU CJIyYaHBIX BEJIMUYUH A\ U 1 OOECNEeUUTh
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Tabamna 2 3HayeHns BeTMYNHBL <1edeKTar §

A s 0

D()) M(a) 1—e

D) E(n, a) 1 e ::0 (‘ﬁm
M(6) D(u) e

M(0) M(e) a jé— 0

M(6) E(n,a) (a - 0)

k—1 m
E(k, ) D(y) ey (u:;)!
E(k,0) M(a) 1- (ai@)
- . B 9k+1(9n71 _ anfl) N
E(k,0), k>2 | E(n,a), n>2 | 1 (g_a)w:a)nﬂ,l, #0
1-— W, a==0

BBITTOJTHEHUe ycioBust P(A < p) = 1 MoOXeT JHIlb
ONpeJeICHHOE B3aMMHOE DPACIOJOXEHUE HOCUTENE Fy(z) = excy (b,\(l +z) au> %
COOTBETCTBYIOLIUX PACIIpENEICHU. x
[lyctb cinyyaiiHble BETUYMHBI A U p UMEIOT paB- b a,T ba(l+ z)
X | =+ —ax]|+teu(by— —,
HOMepHbIe pacnpeneneHust R(ax,by) u R(a,,b,), co- 2 2(1+2)
OTBETCTBEHHO, mpuueM 0 < ay < by < a, < b,.

x

bx bx
OueBUIHO, YTO «AeheKT» ) TAKOI CUCTEMbI PaBHIETCS ecim - <z < a — b
HYJIIO. w A w A
B pa6ote [ 3] Ob1u mpuBeaeHbI (DOPMYIIbI TS (PYHK- Fy(z) =1, ecntuz > by/(a, —by).

LMY pacIipeie/IeHUs U TUNIOTHOCTU KoahduliMeHTa 3a-
TPY3KHU p ULt ciydast ay/a, < bx/b,. Bocrombsyemcst
STUMU pe3yiabrataMu u popmynamu (1) m (2). O603Ha-

COOTBCTCTBYIOH_[aH IINTIOTHOCTH 6yz[eT MUMETH BUA:

fN(I) = 0, eClmmx < CL)\/(bH—a)\)I/Ix > b)\/(alu—b)\);

UM
ex=(br—a)" mep=(by—a,)". Fy(z) = 2 b A
2 1+2)* 2%)7
IMocne HecnoXHBIX apudMeTUUECKUX Tpeodpa3oBa-
HU TTOTy9aeM - : ax << ax :
T A Ay — Q)
Fn(z) =0, ecmn x < ax/(b, —ay);
f(a) = 2t )
2 21 +x2)* 7
CACy x 1+ b
FN(I)——z <bM/—1+x—aM/ " ) eCHHaa%a)\Sbe —>\b>\;
iz Iz
eomt — 2 << I 2 2
w—ax T oa, —ay’ Fn(z) = excu(2brax —by)  exeuay, Cuba
- 22° 2(1 4 z)? 2?7
(by + ay)x b b
F — iz ecliu <z< .
N(‘r) C)\ ( 2(1 + ZC) a“)\ 9 b;,b _ b)\ a;,b _ b)\
ecm — 22 <zr< bx : AHAaJIOTMYHBIE PE3YyJIBTaThl MOXKHO ITOJIYYHUTh ST
Ap — ax by — A caydast ax/a, > by/b,.
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3 MoMeHTHBbIE XapaKTepUCTUKHU

Kak ynmomuHanoch B pasi. 2, BOIIPOC O CYIIECTBO-
BaHWM MaTeMaTUYeCKOro OXWIAHUS CPEIHEro 4mcia
3as1BOK N CYILIECTBEHHBIM 00pa30M 3aBUCUT OT BEJIM-
YUHBI «Ie(eKkTa» cucteMsbl §. B cmygae 6 > 0 mare-
MaTU4YeCKoe OXXKUIAHKUE, TOHUMAaeMOe B KJIACCUIECKOM
CMBICJTe, BCeraa paBHsIETCS] 06CKOHEUHOCTH.

OnHaKo MOXHO PacCMOTPETh aHAJIOT MaTeMaThuyie-
CKOTO OXWJAHUSI — KOOPAWHATY LIEHTPa MacC CUCTe-
MBI, Macca KoTopoi paBHsieTcss 1 — 4. OO6o3HaYUM
3Ty XapakTepucTnky EN. DOopMaibHO MMeEeT MecTo
cienymoliee onpeaesieHue:

o0

EN /xdFN

0

3amMeTnM, 4TO B cJilydyae HyJIeBOro «iaedekra» EN
coBragaer ¢ EN u, o cytu, gBisieTcsl yCJIOBHBIM Ma-
TeMaTUYecKuM oxumanuem EN = E (N | p < 1).

CootHowrenust (1), (3) u (4) ga0T BO3MOXHOCTb
MPUBECTH LIETTOYKY TOXKIECTB, TTO3BOJISIIOIIMX 3aITMCATh
EN 1ipu moMomM pa3IMIHBIX XapaKTepUCTUK CHCTE-
MBI:

o0

. 1
EN = 5 O/(FN(oo

5/ 1-90—Fn(z))de =
0

07( (lix)>dw=

IMocnenHee BbIpaxkeHue B (5) MoKasbIiBaeT, YTO B
abCOITIOTHO HEMTPEPbIBHOM Cllydae [UIsi CyIECTBOBAHUSI
EN HeoGxonnmo, YTOObI INIOTHOCTS f, () B HEKOTOPOI
okpectHocTu (1 — &, 1] yObIBaa K Hy/t0 mpu y — 1
osicTpee, yeM (1 — y)P wist HekoToporo p € (0, 1).
[TpuBenem mpumep TaKOro pacrpeaeaeHus ¢ MOJTOXHU-
TeJIbHBIM «Ie(PEKTOM».

— Fy(x))dx =

IIyctn

fo(z) = 3 1—z"?, z €], 2.

Torma

\H

1
/ dy =2
_2
0 0
1 31
/ __/ _o.
2
0 0

Takum oO6pa3om, B JaHHOM cllyyae MojiydeHa HeKOo-
Topast KOHeYHass MOMEHTHAs XapaKTepruCTHKa pacIipe-
TEJICHUS CAyJIaifHOU BeIMYMHBI N, TIpA 5TOM MaTeMa-
TUYECKOE OXKMIaHNE «IePEeKTHOTO» pactpeneaeHus N
OECKOHEYHO.

HecMmoTpst Ha TO 4YTO MOAOOHBIN MOAXOH MOXKET
JaBaTh JOTMOJHUTEIbHYI0O MH(GOPMALIUIO O pacrpee-
JICHUM CpPeIHEero 4Ymciia 3asiBOK [N, orpaHMYeHHWE Ha
MOBeAEHUE TIJIOTHOCTU Koa(dulreHTa 3arpy3ku p B
OKPECTHOCTU €IUHUILIBI SIBJSIETCS CTOJb CYLIECTBEH-
HBIM, 4TO JUIS1 BCEX pacmpenesieHuit MHTEeHCUBHOCTEM
BXOJISIIIIETO MOTOKA A U OOCTY>KMBaHUS L, TIPUBENCH-
HBIX B Ta0JI. 1, KaK HECJIOXKHO YOeaIUThCs, OYayT MOTy-
qyaThCcd OCSCKOHEYHBbIE 3HAYEHUS LIS EN. TIlo sroii
MMpUYMHE HEOOXOOMMO TIPUBIICUCHWE WHBIX METO-
JIOB M3Y4YeHUs] MUHTEPECYIOLIEro Hac pacrhpenesieHusl.
OO0 OIHOM M3 TaKUX METOJOB peub MOWAET B ClEdy-
foIIIeM pasjerie.

B 3akmmoyeHmne mTaHHOTO pa3iesia pacCMOTPUM TIPH-
Mep «Heme(eKTHOTO» pacIpeneIcHNs, IS KOTOPOTO
CYLIECTBYIOT KJaCCMYECKMEe MOMEHTHbIE XapaKTepu-
CTUKHU.

[lyctb ciyyaiiHble BEJIMUMHBI A U (1 UMEIOT pac-
npenenenuss R(ax,by) u R(ay,,b,) COOTBETCTBEHHO
0 < ay < by < a, < bl“ aA/aM < b)\/bu). Boc-
MOJIb30BABIIUCH MOJYYEHHOU B pa3fl. 2 hopMysIoil mis
IIOTHOCTH fn (2) ¥ COOTHOIICHUSIMU

l\DIOJ

B
/ T dx -l 1+ B
1+:v 1+A°
A
z° dx 1 1 1+ B
- _ B4 — A _ il
/(1+x)2 175 114 “"1+4°
A
MOJIyYUM
®° 2
excuby - au(by —ay)
o/fo(x) ’ 2 bulau —ax)

2
_CACuay In b, — ax

2 a#—aA—i—
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cAcu(bi — ai) In bulay —ax) T
au(by —bx)
' b b, —b
+ 2 (Qbm — b3 + 21> In £ —2 _
2 Cx a, — a
_ ckcuai au(by —bx)
2 bu(an — bx)
cac
= Azﬂ (02 — a3) (b, — ay) —

- (ai - ai) In (CL;L —ay) + (ai — bi) In (au —by) —
— (2= 83) In b )]

AHaJIOTUYHO mojJydyacéM BbIpaX€HME OJid BTOPOT'O
MOMCHTa

EN? = [ 2% fn(x)de =
/

_ 27 Qu — Q) 2, by —ax
= C\Cy (au lnm — bN In m) .

Takum oOpa3oM, B JTaHHOM IIPUMEpPE CYIIECTBYIOT
HE TOJIbKO MaTeMaTHIecKOoe OXWMIAHWE W JTUCIICPCHS,
HO ¥ MOMEHTBHI JTI00O0TO MOpsIIKa.

4 KBaHTUJbHbIE XapaKTEPUCTUKU

BrionHe TpaaMIIMOHHBIM METOIOM «0OPBOBI» C HE-
CYIIECTBYIOIIUM MaTeMaTUYECKUM OXUIaHUEM SIBJISI-
€TCS PacCMOTpPEHME TaKOW XapaKTEPUCTUKM IIEHTpa

pacrnipefeneHusi, Kak MeIuaHbl. 3aMeTUM, 4TO TpHU
U3YYEHUU CHUCTEM C TOJIOXKUTEIbHBIM «IedDeKTOM»
OISITh CTaJKWUBAaeMCsl C BO3MOXKHOW HEOIpeaeseH-
HOCTBIO 3TOro o0ObekTa. JleiicTBUTEAbHO, mJISI COO-
CTBEHHOU (DYHKIIMU pacmpeaeaeHUs] KBAHTIIb JI000-
ro mopsinka cymiecTByer. OaHako ISl «AeheKTHBIX»
(GyHKUMIT pacrpeneseHus] CyLIeCTBEHHbBIM SIBJISIETCS
3HAYeHUE BEJMYMHBI J, TTIOCKOJIBKY OTPeAeIeHbI JIUIIb
kBaHTHIM Topsinka g € (0, 1 — ). CooTBeTcTBYyIOIIIEe
3aMevYaHNe OTHOCUTCS M K KBAHTHIbHOMY aHAJIOTy IVC-
TIepCU — MHTEPKBAPTUIIBHOMY pa3Maxy.

B tabun. 3 npuBeneHbl 3HaUEHUS KBAHTUJIEH 24 T1O-
psanka g € (0, 1) dbyHKIMI pacripeneieHusT CpeIHero
qrciia 3aaBoK N IS pacTipeneIeHIi MHTEHCUBHOCTEM
BXOJISIIIIETO TTIOTOKA \ ¥ OOCTTY>KUBAHUS [, PACCMOTPEH-
HBIX aBTOpaMu B paborax [3, 5, 6] 1 oToOpakeHHBIX B
Tabm. 1.

[py HaxOXIEHNU MENNAHDI T'1 /5 HEOOXOIMMO BbI-
MOJTHeHMe ycloBust § < 1/2 (cM. Tabiu. 2), a WHTep-
KBapPTUJIbHbINA pasMax r'3/4 — T'1/4 ONPENETEH JIMIIb
nmpu 6 < 1/4.

O6o3HaunuM uvepe3 y(q,n) u z2(q,k,n) cooTBer-
CTBEHHO pellleHUs] ypaBHEHUIA

n—1 n—1

Y m n—+k—
Zmzqey; Do =qlz+ )" (6)
m=0 m=0

Tak ke Kak v B cllyyuae ¢ MOMEHTHBIMM Xapak-
TepUCTUKAMU, HE COCTaBJISIET TpyAa HAWTU KBaAaHTUIU
JII000r0 MopsiiKa Il pacipenesieHUsI ¢ HYJIeBbIM «Jie-
dexTom». Hampumep, ecin BXOAHBIC MapamMeTpbl A
1 (4 UMCIOT paBHOMEpHBIC pacIpeneIcHNs, 3aTaHHbIC

Tabomuma 3 3naueHus KBaHTUIElH 74 pacipeneneHus N

) m g 0<g<1-90
DOV M(a) 2 q"‘i ~
D) E(n,a) e e (6)
In(1—q)
M(8) D(p) Tt (—g)
M(6) M(c) %
a((l—g V" -1
M(0) E(n,a) I a(l-a) " _1)
B(k.0) D(n) S (e ()
E(k,0), k>2 | E(n,a), n>2 m (cm. (6))
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B pa3. 2, KBAaHTWIb TTOpsIIKa ¢ AJIsI pacnpeneaeHust N 3.
HaxXOIWTCS U3 pelieHust ypaBHeHust Fiy () = ¢q. Tak,
npu

Kyopssues A. A., Illopeun C. 4. baiiecOBCKMI MOAXOA K
aHaJIM3y CUCTEM MaCcCOBOTO OOCTYXMBaHUS U MOKa3aTe-
Jeii HamexHocTn // MHpopmaTtuka u e€ MpuMeHEHUs,

2007. T. 1. Beim. 2. C. 76—82.
a)\(b# — CL#) b#b)\ + a#b)\ — 2&)\1)#

>q=>
2au(b>\ —CL)\) 2bu(b)\ —CL)\) 4.
KBAaHTWJIb MMOpAAKA g paBHACTCA

N 2a)(1 — q) + 2bxq
by ta, —2ax(1—q)—2bxg

Kudryavtsev A., Shorgin S., Shorgin V., Chentsov V.
Bayesian queueing and reliability models // Systems and
means of informatics: Spec. issue: Mathematical and com-
puter modeling in applied problems. — M.: IPI RAN,
2008. P. 40—53.

Lq

5. Kyopseues A.A., Illopeun C.4. baiiecoBckue Mo-
IeTd MacCOBOTO OOCTYXMBaHMSI ¥  HaJeKHOCTU:
9KCIMOHEHIIMAbHO-3PJIAHTOBCK U cyyaii // MHbopma-
tuka u e€ mpumenenus, 2009. T. 3. Beim. 1. C. 44—48.

AHaJIOTMYHO HAXOASITCSI KBAHTUIN npun

0<q< ax(by — au)

ZCL#(b)\ — a)\)

6. Kyopseuee A. A., Hlopeun B.C., Illopeun C. 4. BaiiecoB-
CKME€ MOJIEJTM MAaCCOBOTO OOCTyXKMBaHUS U HaIEXKHOCTH:
001U 3pJaHTOBCKUiA ciaydail // MHbopmaTuka u eé
npumenenus, 2009. T. 3. Bem. 4. C. 30—34.

bubk + aub)\ — 2&)\bu
Qb#(b)\ — a)\)

g<1l.
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CETU MACCOBOI'O OBCJIYXUBAHWA C HAUMEHBILEN

JUIMHOU OYEPEOU

C.C. Matseesa!, T. B. 3axaposa®

AnnoTtamusa: CTaTbsl MOCBAILEHA MCCIENOBAHUIO CBOMCTB ONTUMAILHBIX Pa3MEIIEHUI N0 KPUTEPUIO CpelHei
CYMMapHO IJIMHBI OYepear B IPOCTPAHCTBE [UISI CUCTEM C AUCUUILIMHONI obcayxuBanus FIFO. Paccmarpusa-
eTcs MOTOK OIHOPOJIHBIX TPEOOBAHUA, pa3INYaloIMXCs JUIIb MOMEHTaMU MOCTYIUIEHUS B cucteMy. CTaHLMK
MIPEICTABISIIOT COOOM CUCTEMBI MaccoBOro obcmyxuBaHus tina M|G|1. B crathe maercs omvcaHue CBOKCTB
ONTUMAJIbHBIX Pa3MELIEHUH, IOKA3aHbl AITOPUTMBI IOCTPOEHUS ACUMIITOTUYECKU ONTUMAJIbHBIX pa3MELLeHUIA,

MUHUMUBUPYIOLIUX KpI/ITCpI/Iﬁ OIITUMAJIbHOCTU.

KioueBble cj10Ba: aCUMOTOTUYECKHU ONTUMATIbHOE pasMEIICHUE,; CPEIHASA CYMMapHasd JJIMHA OYEPEan, KpI/ITCpI/Iﬁ

OIITUMAJIbHOCTU

1 Bsenenwue

B cratbe paccMoTpeHa ceTb MacCOBOI'O OOCITYXKH-
BaHUsI, IJIsI KOTOPOM HIETCS pa3MelleHue CTaHUM
00CITy>KMBaHUSI, MUHUMHU3HUPYIOIICE CPETHIO CYyM-
MapHyI0 muHYy odepenn. OOcCTyXKMBaHWE 3asiBOK B
Hel MMPOU3BOIUTCS TEPPUTOPUATBLHO pacipeaeeHHbI-
MU oObekTaMu. B cBsI3M ¢ 3TUM BO3HUMKAIOT 3aJauyu
HaXOXAEHUST ONMTUMAJIbHOTO WM OJIM3KOro K OMNTH-
MaJIbHOMY pa3MeIIeHUsT CTaHIIUI oocaykuBanus. Ha
MIPaKTHUKE 3aa9M TTOMOOHOTO poja JOBOJBHO aKTyalIhb-
HBI. Cpeny HUX 3aada pa3MeIleHUs aBTO3aIIPaBOYHBIX
CTaHLIMI [AJIs1 yBEAUUYEHUS MPUOBITIBHOCTU UX (DYHKIIM-
OHUPOBAaHMS, 3aJa4yd MUHUMU3ALWU TPaHCIOPTHBIX
pacxomoB wiM BpeMeHH. CrielmuKoi M3ydaecMoro
KJIacca CUCTEM SIBJISIETCSI HEOOXOOWMOCTh MCITOJIh30-
BaHWS MHOOPMAITUH O TIOJIOXEHUM OOCTYKMUBAIOIITIX
MpUOOPOB, MOJIOKEHUU U YMCJIE TOCTYMAMUIUX Bbl-
30BOB, a MPU HEKOTOPBIX IMCLUUILIMHAX OOCTY>KMBa-
HUSI — U JPYTUX XapakKTepucTuk. B maHHoM ciydae
paccMaTprBacTCsI MOZIETb, B KOTOPOI CTAHIIUM OOCITy-
JKMBAHMS MOTYT OBITH PACITOJIOXEHBI B TIPOM3BOJIBHBIX
TOYKaxX HEKOTOPOTO MPOCTPAHCTBA, a BHI3OBHI SIB/ISIIOT-
Csl peajiu3alueil HEKOTOPOU CIydallHOU BEJIMYUHBI, Y
KOTOpOI M3BECTHA TUJIOTHOCTb pacmpeneiaeHusi. Pac-
CTOSTHHE MEXIY TOUYKaMU TTPOCTPAHCTBA OIIPEACIISICTCS
YeOBIIIeBCKO HopMoii. Camu cTaHIMY (yHKIITMOHU -
PYIOT KaK He3aBUCHUMBIE CUCTEMBI MacCOBOTO OOCIIy-
skuBaHust Tumia M|G|1 ¢ TUCHMITTMHON OOCTYKUBaHUST
FIFO.

Tounble hopMyJIbI IJIST pellieHUH 3a1a4 Mog00HOro
pona yaaeTcs MoJyYuTh JUIIb B UCKITIOYNUTEIbHBIX CU-
Tyauusax. OQHaKo 4acTo, MpUMEHsIsT pa3InyHbIe aCUM-

MTOTUYECKNE METOIbl, MOXHO MOJYYUTh YAOBJIETBO-
PUTETBHOE IS MIPAKTUKY ACUMITTOTUYECKOE PEIICHIE
3amaun. B craThe IpUBOOSTCS aITOPUTMBI TTOCTPOCHMUS
ACHMIITOTUYCCKH ONTUMAIPHBIX Pa3MeIIeH, MITHM -
MU3UPYIOIIUX KPUTEPUA ONITUMAJIbBHOCTH, a TaKKe 1C-
CJIeAYIOTCSl CBOMCTBA OMTUMAJbHBIX pa3MelleHU 1o
KPUTEPUIO CpeaHeit CyMMapHO IJIMHbBI OUYepeIi.

B pabore [1] Obl1a M3yyeHa aHaJOrM4yHasl IOCTa-
HOBKa 3aJa4yu, HO C BbI30BaMU, paclpeaeeHHbIMU Ha
IJIocKocTU. B HacTosieli cratbe peuaeTcs 3agadya
C BBI30BaMHU, paclIpefecIcHHBIMA B IIPOCTpPaHCTBE R,
KOTOpast 0000IIIaeTCs Ha cITydaif IpoCTpaHCTBA ITPOU3-
BOJILHOU pa3MEpPHOCTH.

2 IlocraHoBka 3amauu

B npocTpancTBe R? BO3HUKAIOT TPeOOBAHNS B CITy-
JaHBIX TOYKaX &1, &s, ..., HE3aBUCUMBIX U OIMHAKO-
BO pacnpeaeieHHbIX C TUIOTHOCTBIO pacipeneaeHus p.
st o6Cy>KBaHUSI 3TUX TPeOOBAHUIA UMEETCS 12 CTaH-
1ii. MOMEHTBI TTOCTYIJIEHUsI TpeOOBaHUI 00pa3yIOT
ITyaCCOHOBCKMI TTIOTOK C IapamMeTpoM A. MHTeHCHB-
HOCTB BXOISIIETO TTOTOKA A U3MEHSIETCS C POCTOM YHC-
Jla cTaHuuii n. B cimydae, korma Hy>KHO TOIYEPKHYTh
3Ty 3aBUCUMOCTbD, TTapaMeTp BXOJSIIIEro MOToKa OyaemM
0603Ha4Yath A\(n).

Onpenenenne 1. Pazmewenuem n cmanyuii 06cayucu-
eanus 6 npocmpancmee R® nazoeem mnoxcecmeo mouex
npocmpancmea {1, ..., Ty}, 6 KOMOPbIX OHU PACNOAO-
JICEHbL.

l]\/[OCKOBCKI/I]\/'I FOCyﬂapCTBCHHLIﬁ YHUBCPCUTET M. M. B. HOMOHOCOBa, Ka(i)eﬂpa MaTeMaTU4YEeCKOM CTaTUCTUKU (baKyaneTa BBIYMCIIU-

TEJIbHOM MaTeMaTUKU U KUOepHETUKU, petkin@mail.ru

2MocKOBCKHii TocyIapCcTBEHHEIH yHUBepcuTeT nMeHK M. B. JloMoHOCOBa, Kadeapa MaTeMaTHUeCKOil CTATHCTUKM (haKyIbTeTa BEIUKCITH-

TeJIbHOM MaTeMaTUKU U KHOepHETHUKH, [sa@cs.msu.su
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O0o03HayaTh pa3MellleHue CTaHIMl Oyl1eM CUMBO-
JoMz,T.e.x = {x1, ..., 2z, }. CTAaHIINIO O0CTYKMBAHMSI
¥ TOYKY IPOCTPAHCTBA, TJIe OHA PacojioXeHa, OymeM
0003HaYaTh OMHUM U TEM K€ CUMBOJIOM.

Onpenenenne 2. 30HOU 8AUAHUS CIMAHUUU X; HA308eM
mHoucecmeo C'; mex mouex npocmpaHcmea, 04s Komo-
DbIX 9MA CMAHYUSL A6A51emCsl Oaudcatiuen:

Ci:{veR?’:Hv—:ciH <|v—=j|, j=1,2,...,n}.

Paccrosinue ||u — v|| Mexay TouKamu u M v TPo-
crpanctBa R? 3amaeTcs 4eGbIIEBCKOMH HOPMOIA:

o= vl = e, s =il

U = (u17u27u3)7 v = (’U17U27U3)-

CraHUMM OOCITY>KMBAIOT 3asiBKM TOJBKO U3 CBOMX
30H BIUsHMS. OOCIyXXMBaHUE OCYIIECTBIISIETCS TPH-
6OpOM, ABUTAIOIIMMCSI TOJBKO ITO MPSIMOM U C TTOCTO-
STHHO# cKopocThbio. [Tpy TTocTyeHnn 3a9BKH IPUoop
CO CTaHIIMM TepeMellaeTcss B TOUYKY BBI30Ba, 3asBKa
00CITy>KMBaeTCsI HEKOTOPOE CIIyJaifHOe BpeMs 1), 3aTeM
npubdop Bo3BpalllaeTcsl oOpaTHO Ha cTaHuuwo. Juc-
LIUTIIMHA OOCITY>KUBAHMSI CIICAYIOIIAsT: eCJTM B MOMEHT
MOCTYIUICHUWsI BEI30Ba ITPUOOP 3aHSIT, TO ITOCTYITAOIINIA
BBI3OB CTaBUTCS B ouepenb. Ilocie ocBOOOXIECHUS
npubopa Ha 0OCTy>XKMBaHUE MOCTYIIAET IepBas 3asBKa
W3 OYEpeIn.

0O0603HauUMM 4epe3 \; MHTEHCUBHOCTb MOTOKA BbI-
30BOB, MOCTYMAOWINX HA CTAHUMIO x;, 3;1, (i2 — CO-
OTBETCTBEHHO TEPBBIM M BTOPOil MOMEHTHI BpeMEHU
o0CIyXBaHUS Ha T;.

IIpenmnonaraercst, 4TO CTAaHIUKU (PYHKIIMOHUPYIOT
KaK He3aBUCUMBIE CHCTEMbI MacCOBOTO OOCITy:KMBa-
Hust Tuma M |G|1, Torna ux cpemHsisi cyMMapHasi JITMHa
ouepenu L(z) mpu pasMellleHMM 2 W YCIIOBUU, UTO
3arpy3ka KaXIoi CTaHIIMM MEHbBINEe CIMHUIIBI, T.e€.
max \;0;1 < 1, ompenensiercs mo popmyiie

1<i<n
e
—1 2 /\le

3afaya 3aKJII0YAETCsI B HAXOXKICHUU Pa3MellieHHiA,
MUHUMU3UPYIOIINX BBEACHHbBII KPUTEPUI ONTUMATTb-
HoctH L(x).
Onpenenenue 3. Paszmewenue ©* Hazoeem onmumans-
Hoim, ecau L(z*) < L(x) das arwboeo pazmewjenus x
makoeo, umo |x| = |z*|. UYepes |x| 3decv 0b603Haueno
YUCAO INEMEHMO8 PA3MEWeHUs T.

Onpenenenue 4.  Pazmewenue x maxoe, 4mo npu
|x| = |x*| vinoansiemes pasencmeo
. L)
B Ty

HA306em acumnmomu4ecKku onmumdasabHbIM.

Benewm ene psiag 0003HAUYSHMIA:

En=701, En®=ps;

Cy = // [l duydugdus ;
(@]

Cy = // l|w||? duy dusgdus ,
O

e u = (ug,ug,u3), O — WAp EAUHUIHOTO OOBEMA C
LIEHTPOM B HyJIe. MOXHO BBIYMCIUTH TOYHBIE 3HAUE-
HUsl KoHCTaHT: C7 = 3/8; Cy = 3/20.

HopMy mIoTHOCTH pacripeie/IeH!s BEI30BOB OIIpe-
JETTUM KaK

([l

Yucino ctaHIMi ONTUMAJIBHOTO pa3MeIleHusI, TT0-
MajflalollX B MHOXECTBO A, 0603HauuM % = 2" N A
u {2} — MOCJIeI0BATEIbHOCTD Pa3MEIeHHIA.

1/m
d’uld’U,zdu;;) .

3 (CBolicTBa ONITUMATBHBIX
pasMelIeHUun

B mepBoit TeopeMe OIMMCBHIBAIOTCS ACUMITTOTHYE-
CKME CBOMCTBA ONTUMAIBHBIX Pa3MEIeHUH TSI UCXOI -
Hoi1 Momenu. JIJIst KpaTKOCTH JIajiee Be3e ITOI WHTE-
rpajioM TTOHMMAaeTCs MHOTOMEPHBIN MHTeTpa Jledera
B COOTBETCTBYIOILIEM ITPOCTPAHCTBE.

Teopema 1. Ecau naomuocms p — oepaHu4eHHas, uHme-
epupyemas no Jlebeey gynxuyus, E|E|? < 0o u unmencue-
Hocmb exodsueeo nomoka A(n) = o(n), mo das écaKoll
noCAe008ameAbHOCMU ONMUMAAbHLIX pasmeujeruti {x*}
CNpageonu8sl pageHcmada:

n *
2) lim Mz/p(u)du,
n—oo n
A

20e A — uzmepumoe no Jlebezy MHOYNCECMBO NPOCMPAH-
cmea R3.

PaccmorpuM Mogpeib, B KOTOPOil OOCTyXUBaHUE
COCTOUT TOJIbKO JIMILIL B IE€peMeIleHrur mpudopa co
CTAaHLIMU OO0 TOYKM, [Je BO3HUKIO TpebOoBaHME, U
obpaTHo. B 3TOM ciyyae onTumanbHbIe pa3MelIeHUs
00J1a/1a10T IPYTUMU CBOMCTBAMU.
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Teopema 2. Ecau naomnocmo p oepanuuena, p°'* umn-

meepupyema no Jlebezy, E|¢|? < oo u unmencuenocmo

8X0051Ue20 NOMOKA MPedOBAHULL U3MEHSIeMCs MAK, Yo
A(n)

lim =0
oo A3 0

mo 0151 BCAKOU NOCA008AMENbHOCHIU ONMUMANbHBIX PA3-
mewenuil {x*}

no/3 )
D Ny ) = 2l
A | —3/4 3/4
2) lim = =plyy [ p*(u)du
A

015 1100020 uzmepumoeo no Jlebeey mroxcecmea A npo-
cmpancmea R3.

Pesynbratsl Teopembl 1 0000111a10TCST Ha MPOCTPaH-
cro RY,

Teopema 3. Ecau naomuocms p — 0epaHu4eHHas, uHme-
epupyemas no Jlebeey gynxuyus, E|E|? < 0o u unmencue-
Hocmb exodsueeo nomoka A(n) = o(n), mo ds écsaKoll
HOCACO008AMEALHOCIU ONMUMANbHBIX pasmewerutl {x*}
Cnpageonugsl pageHcmeda

ede A — uzmepumoe no Jlebezy mHodICECME0 NPOCMPaH-
cmea RY.

B cnyuae, korma En = 0, pe3yabTaThl B MpOCTpaH-
ctee RY BHIMIAAAT cienyommm o6pasom.

Teopema 4. Ecau naomuocms p ocpanuuena, p™/(N+1)

unmezpupyema no Jlebeey, E|¢|? < co u unmencuernocmo
8X0051Ue20 NOMOKA MPedOBAHULL U3MEHSIeMC s MAK, Yo

Aln
lim —2 g,
i TINA)/N
MO 0451 8CAKOU NOCAC008AMENLHOCHIU ONMUMANLHBIX PA3-
meweruil {x*}

o VN 0,5N

D Jim Sy = ws o
|2y N/(N+1

2) Jim A=l [ ) du

A

Uil moboro uamepumoro 1o Jlebery mHoxectBa A
npocrtpanctsa RY.

4 JlokazaTeJibCTBa
17151 pocTpaHcTBa R3

B pa6ore [2] mpeacTaBiieHO J0Ka3aTeILCTBO CIIEIY-
IOIINX IBYX JICMM.

Jlemma 1. Ecau () — usmepumoe no Jlebeey noommoxnce-
CMB0 MEMPUUECK020 NPOCMPAHCMEA, S — wap ¢ YeHmpom
6 MouKe v U3 moeo e NPocmpancmea, a mepvl Jlebeea
MHOMCecme QQ u S pagHvl, Mo

[attu=slyau> [ afu-ol)du

Q 5
ons n0boil Heyowvigarowel Ha [0,00) delicmeumenvHoil
Gyrxyuu a(u).

Crenyrollast jeMma SIBJISIeTCSl aHAJIOTOM pe3yJibTa-
toB JI. ®. Tora [3].

Jlemma 2. Ilycmo S;, i = 1,2,...,n, obosnauaem wap
C YeHMpPOM 8 HyAe, T, — Wap ¢ YeHMpOM 8 Hyae U Me-
n

poii o, = (1/n) > S;. Cnpasedauso credyruee nepa-

> [atlulduz n [ attul)au

= 15 On

6E€HCME0.

ons awboil Heyduiearuweli Ha [0,00) delicmeumensHoll
Gyrxyuu a(u).

Crenyronyro JeMMy HaM J0CTATOYHO JOKAa3aTh JUTS
cnyqaﬂ KOTJa IJIOTHOCTh p — TIpocTast GYHKIIUS, T. €.

p= Z pjlK; , tne K; — usmepumble 1o Jlebery Here-
j=
peceKanmHecsl MHOXECTBA.

Jemma 3. Ecau En = 0, A\(n) = o(n*/3), mo das awboii
nocaedoameavHoCMU ONMUMAAbHBIX pasmeusenuil {z*}

lim #L(w*) =0.
JokaszaTenbcTBo. OueBUIHO, 4TO A~ 2 L(z
OuenuM cBepxy L(z*). IloctpouM pa3merieHue z
crenyomum obpasom. Jna K; BbiOepem npubiu-
KAlOILEE €ro C TOYHOCTBIO € JIEMEHTAPHOE MHOXE-
cTBO L;. 3aTeM L; 3aMECTUM KOHIPYSHTHBIMU KyOaMu
obbveMoM o; = K;/m;, Tie

) > 0.
0

K;

r 3

S

=1

mj; =m(l —9)

m — HEKOTOpOe HaTypaJibHoe ymncio, 0 < § < 1.
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Eciu (o () K;) > 0, To B LEHTp 0 MOMeIIaeTCst
cTaHLMA o0cIyXnBaHusA. Yucio Takux o; 0003HaUUM
gepe3 n;. ([md] + 1) craHUMit pa3MeCTUM PaBHOMEPHO
Ha MHOXecTBax (K;\L;) N K, rae K — HauMeHbLINI
Ky0 C LIEHTPOM B HyJIe, COlepKallliii B ce0e HOCUTEIh
rtotHocTH p. [loyvyeHHOe pasmelieHUe 0003HAUYUM
uepe3 ¥ = {x1,...,7,}.

J171sT ONITUMATBHOTO pa3MeNIeHUsT ™ CIIpaBeUTUBbI
HEepaBeHCTBa

O'JQ . 2020]2/3

+ o(n_5/3),
1-— /\ij'j . 2010';/3

S i n;
j=1

2L( ) < o(n—5/3),

TaK Kak Apja?/3 =o(l)m

A

=Y K00 (1 +0(1)) =
j=1

T
2 8/3
Z njP;0;
j=1

—Zp2K KPmT (1 0(1)) =
5/3
(14 o Zp Z K; n=°/3,
j=1
CrenoBaTeabHO,
lim —L z)=0. O
[lyctb G — HEKOTOpBIi KOMITAKT Ha HOCHUTEse
wiotHocTM p, D, (z) = max diamA;, A; = {u €

<isn
’ ’
€ A, : p(u) > 0}, A, — 30Ha BIUSIHUS x; HA KOMITaK-
Te G.

Jlemma 4. Ecau 04 pazmewsenus {x}

n
lim —— L(z) =0,
mo
lim D,(z) =0.
Jloka3zaTeabCTBO. IMpeanonoxum, 4yTO
limsup D, (z) = d > 0. Bwibepem mofmocienoBa-

TEJIbHOCTD pasmemeHm?I Takylo, 4To IJid HeKOTOpOf/JI
CTaHILMH Y, U3 N-TO pasSMEIICHUA 3TOU MOAIOC/IeN0-

BaTelbHOCTU lim ||u,, — v,| = d, THE Up, v, € Ch;
n—oo
Cn = {u € C/ : p(u) > 0}; C] — 30HA BIUAHUSA

CTaHLUMU ¥y, Ha G.

BBuay kommaktHocTu G 6€3 orpaHWYeHUsT OOIil-
HOCTM MOXHO CYMTaTh, 4YTO Y, — Yo, Up
Uy — 0.

Iycth ||ug — yo|| = d/2. D10 03HAYAET, YTO JHIIIb
KOHEYHOE YMCJIO Pa3MeNIeHN 13 BHIOpAaHHO MO0
CJIeOBATEeILHOCTH UMEET CTAaHIINU B d/4-0OKPECTHOCTH
TOYKU up. Yepe3 R 0603HaUUM d/8-0KPeCTHOCTh TOY-
KU ug. [T0CKOJBbKY 1 sIBIIsIETCS TpeeibHoi Toukoi C
u Cy — MOAMHOXECTBO HOCUTEJSI TNIOTHOCTH, TO IJIST

HeKoToporo € > 0
/ p(u)du > ¢.

R

— U,

OlieHUM CHU3Y 3HayeHue KpuTepust L Ha pa3me-
IIEHMsIX, HE UMEIONINX CTaHUUN B d/4-OKPEeCTHOCTU
TOYKH ug. [TOCKONBKY B HameM cirydae 31 = B2 = 0, T
BTOPOIA MOMEHT BpeMEHU OOCTy>KMBaHUSI -1 3asIBKU

— U — I; 2 u)au
P(@)C/” 2p(ud

Taxk Kak 3arpyska Ha Kaxka0ii cTaHLIMK OOCTyK1Ba-
HUSI MeHble 1, To

OBAQZPQ

C3) [ llu = il p(u) du
Ci

YuureiBasi, 4T0 Ha MHOXecTBe R ||u — ;|| > d/8
TSt JII0OO0TO @ Ha BBHIOPAHHOM Pa3MEIIeHUM, a TaKkKe
BBITIYKJIOCTE GYHKINN f (1, v) = uv, IMeeM

n 2
L) =% Al‘ S )
1=1

zﬁzl

= 2)\2

L) > 223 P(C Z/nu—xzn plu) du
=1 1= 1C
1 /d\?
>92N\22 (= )
> 2] (s> f
[Toatomy
d2
2" Liz) > &
A (n) 32
Orcrona
lim L(x) >0,
YTO MPOTUBOPEUYUT YCIOBUIO JIEMMBI.
IMoatomy d = 0. O

Ilocnennsist nemma IIOKa3bIBA€T, YTO Ha HOCHUTEC-
JIC ITINIOTHOCTH pacCrpe€acja€HNA BbIBOBOB ITMAaMETPBI 30H
BIMSHUS Ha JIOOOM KOMITaKTe CTPEMATCA K HYJIIO Ha
OCJICA0BATC/IbHOCTH ONITUMAJIbHBIX pa3MeH_[eHI/II71.

WHOOPMATUKA U EE TPUMEHEHUWS Ttom 4 Bbimyck 3 2010 25



C.C. Mameeesa, T. B. 3axaposa

Hnst cnyyast En > 0 Takke cripaBeUTUBbI COOTBET-
CTBYIOIIIME JIEMMBI, TOKA3aTeIbCTBO KOTOPBIX CXOTHO C
JI0Ka3aTeIbCTBOM JIeMM 3 U 4.

Jlemma 5. Ecau En > 0, A(n) = o(n), mo das awboi
nocAe008amenbHOCMU ONMUMANbHBIX pazmewenuti {x* }

lim ! L(z*)=0.

n—oo m

Jlemma 6. Ecau oas nocaedosamenvHocmu pazmeuye-

L(z)

Huti {z} lim

1
% N2(n)

=0,mo

lim D,(z) =0.

n—oo

HdokazaTtenbcTBO TeopeMbl 1. s mo6oii cTaH-
ouu x; ¢ 30HON BIUsSHUSA C; HEKOTOPOTO pa3Mellle-
HUSI o IIepPBbIe ABAa MOMEHTA BPEMEHMU OOCIYXMBAHMS
OLICHMBAIOTCS KakK

Bin = E(2)1€ = zill +n)|€ € Ci) = En = br;
Biz = E((2|€ — zi|| +n)?|¢€ € Ci) = En® = B2,
a MHTCHCUBHOCTD ITOTOKaA IMOCTYIIAIOIIMX Ha HEEC TpE-

6oBaHuii ectb A\; = A\(n)P(C}).
C y4etoM 3TOro, a Takxke BBIMYKIOCTH DYHKIMK

fu,v) = u(1 —v)~1, ouernm cHusy Kputepmii L(z).
Mwﬁiilf%@I
> 0,502, Z Aﬁ(iliz)
> 0,5/\262% <Zj; P(Ol-)> <1 - /\[ﬁ% zj; P(CZ-)>_1,
Te.

;%5L@3205m<1—ﬁﬁ>

YerpeMitstst n K 6eCKOHEYHOCTH, TIOJTYIUM

lim inf L L(z™)

W ()

2 07562 .

[Monyuum Tenepb BepxHIOW OlieHKY. [Ipenarnono-

SKUM CHavasa, 4To TUIOTHOCTh p — TIpocTast GYHKITHS,
T

p = > pjlK,, rue K; — usmepumble 1o JleGery Here-

peceKaroIInecs: MHOXEeCTBa.

JIs Takoil MIOTHOCTH MOCTPOMM aCHMIITOTHYE-
CKM ONMTUMAJIbHOE Pa3MellieHHe T, T. €. TAKOe, YTO MPU
|x| = |2*| BBIIOHSIETCST pABEHCTBO

lim 2@ _
e L)

Jlst 3TOro Kaxaoe MHOXECTBO K; 3aMEHUM 3Jie-
MEHTapHBIM MHOXECTBOM L; TakuM, uTo p(KG;AL;j) <
< g, 3areM L; 3aMeCTUM KOHIPYSHTHBIMH KyOamH,
MepeceKaIMMHUCS JIMIIb 10 TpaHWIEe, U 00BEMOM
o; = K;/mj, tne mj = m(1 — 0)p; K;; m — HeKoTo-
poe HaTypayibHOe ynciio n 0 < § < 1.

Ecm p(oj(\Lj) > 0, To B LeHTp Kyba o; mome-
maercst craHuus. [lycTb n; — 4HMCIO TaKMX CTaH-
uid. [TocKoNbKy pa3MellieHre CTaHINI peann3yeTcst
Ha KOMIIaKTe, MOXHO ITOCTPOUTh HAMMEHBIIN T Ky0 K,
KOTOPBIiA COMEPKUT B ceOe TTOTHOCTHIO HOCUTEIb IJIOT-
HocTu p. ([md] 4+ 1) craHuMii pa3MeCTUM PaBHOMEPHO
Ha MHOXecTBax (K;\L;) N K. Tem caMbIM TOJYYUM
HEKOTOpPOE pa3MellleHne © = {x1,..., Ty} , IUIT KOTO-
poro

L(z) <

Z pjcrj B2 + 4ﬂ1010 54 40205-/3 B
J=1 1-— /\ﬂlpjcrj - 2/\01qu?/3

_on)
+o(n™t)’

i BQPJK'TL
)\6171

YCTpeMJ'IHH m, a TEM CaMbIM U N K 6€CKOH€‘IHOCTI/I,
nojyyacem

L(z) < 0,56,

lim sup L

Tak xak Bcerna L(z*) < L(x), TO ¢ y4eTOM HMXHeH
OLIeHKM Jutst L(x*) moydaeM, 9To & — aCUMIITOTHYE-
CKH ONITUMAJbHOE pa3MeILeHUe 1

n *
e

)=0,50.
IMycts p — mpousBosbHas (YHKIIUS, YIOBJIETBODSI-
Iollasi yCIOBHUSIM TOKa3bIBAaeMOM TeopeMmbl.  BBe-
nem npoctbie byHKUUU Pi(u) 1O mpaBuiy pr(u) =
= (m+ 1)/k, ectmu m/k < p(u) < (m + 4)/k s
keN,m=0,1,...

OueBunaHO, 9T0 p(u) < pr(u), a I TPOCTHIX HYHK-
LMt yXe Obla ToJydeHa MpeaesibHast OLleHKa CBEPXY,
MO3TOMY CITPABEIIMBO CIIEAYIOIIee HEPABEHCTBO:

L(z")

lim sup

n—oo

n
— < 0,56 |psl; -

/\2(TL) B 62 |pk|1

Ipn k — oo [prl, — |p|; = 1. Y ¢ yueTom oueHKn
cHu3y st L(x*) nonyyaem, 4to

lim L(z*)

n—o0 \2(n) =056

JlokaxeM BTOPOI MyHKT TeOpeMHblI 1.
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Paccmorpum pasmerienne 4 = x()A. Ilycts

= |za| — YUCIIO CTAHIIMIA, TIOMANAIOIINX B MHO-
xecTBo A mipu pasmeniennn x. OrnpenenuM L(x4)
Kak L(z) st pl 4.

P>(CiNA)
1 - \3.P(C;NA) ~

3HAYUT
k A3 P(A) ) -t
——L > 0,53,P? -
o o) > 055P2) (1 207
CrenoBaTebHO,

lim inf L L(za)

W N ()

= 07562 P2 (A) .

IlycTh y; — TpemenbHas TOYKA IOCIEI0BATETBHOCTHI
{ |zaln~t } .

IycTh TEneps £ — aCUMIITOTUYECKH ONTUMAIBLHOE
pa3MelleHue 1 Kpurepus L, Toraa

L(xa)

lim sup

n—oo

vL(n) < 0,56,P(A).

W3 1Byx mocneqHIX HEPaBEHCTB CIIEAYeT, UTO
11 =P(A).

TlycTh 2 — TIpeNebHas TOYKa MOC/EN0BATENLHOCTH
{le|n'} ,tme B = A°.

JInsi 2 aHATOTMYHO JOKA3bIBAETCS COOTBETCTBY-
Iolllee HEPABEHCTBO

v2 = P(B).
Tak xkak
l=v1+v%>PA)+PB)=1,

TO B HEPABECHCTBE OJOCTUIHYTO PAaBCHCTBO. DTO BO3-
MOXHO TOJIbKO, €CJIN

m=PA),  n=PB).

Tem cambIM [J1s J11000T0 ACUMOTOTUYECKU ONTUMAJIb-

HOro pasmMCliCHUA
~ [pwydu,

A

i %Al
im ——
n—o0 n

a, 3HAYUT, 3TO PAaBEHCTBO BEPHO U IUISI ONITUMAIEHOTO
pasmenieHust. OTciona cienyeT yTBepKIeHNe BTOPOro
MYHKTa TeopeMsl 1.

JloKazaTeabCTBO TEOPEMBI 2 TPOBOIUTCS aHAJIOT Y-
HO J0Ka3aTeJIbCTBY TEOPEMBI 1.

CHavasia olleHMBaeTCsl 3HaueHue kputepus L(z)
CHU3Y

5/3
lim inf ;L—/L(x*) >

2
e 2Cx|pl3 4 -

Jloist otieHKY cBepxy L(x*) CTpOUTCST aCUMITTOTHYE-
CKM ONTUMAJIbHOE pa3MelleHHe =, AITOPUTM TOCTPO-
€HUS KOTOPOTO HECKOJIBKO UHOM.

Beibepem mocnenoBaTeIbHOCTh BJIOXEHHBIX pac-
LM PSIOIIMXCS KyOoB K ¢ LEHTPOM B HYJIE TaKUX, YTO
E|¢)*1ke = o(m™2).

[Ipennonoxum cHayasa, YTo MIOTHOCTb p — MPOC-
tast GyHKLMS, ONpeieIeHHas! TaK Xe, Kak U paHee.

Jlnst kaxaoro K; BbIOEpEM 3JIEMEHTAPHOE MHOXE-
¢TBO L, 4TOOBI

ILL(KJ'ALJ') < E/K, Vj.

Kaxmnoe MHOXeCTBO L; IOKPBIBAEM IPABUIBHON
peeTkoit oobeMoM o; = K /m, Tie

3/4
p/K

B Zp3/4

m; =m(1l

m — HEKOTOpoe HaTypajibHoe yucio nu 0 < § < 1.

Ecin p(oj N Lj) > 0, TO B UEHTPBI TaKUX 0
MOMeI[aeM CTaHLUWIO o0ciTyXuBaHMUs. Yuciao takum
00pa3oM pa3MeIIeHHBIX CTAHLINI 0003HAYNM Yepes3 1.
([md] + 1) cranumii pasmMecTMM paBHOMEPHO Ha MHO-
xectBax (K;\L;) N K.

OO611ee YnCIo pa3MeLIeHHBIX CTAaHIIMI 0003HAYNM
gyepe3 n. TeM caMbIM TMOJTyYMM HEKOTOPOE pa3Mellle-
Hue xr = {x1,..., &, }, U5 KOTOPOTO C YIETOM JIEeMMBI 4
CTIpaBe/TUBHI CIIEAYIONINE OLEHKU:

2 8/3402
L e R
2 4 1—2/\C'1p3 o3/

j=1

+ pf(m&)_5/3£ +o(m™%/3) =

ro 34y 5/3
:/\2202(14—0(1))211)10 <Z 3/4 ¢ ) X
x (n(1—68))""* + 0(en=/%).
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Ortclona cieayert, 4yTo

nb/3
hﬁolip Az—(mL(iﬂ) < 2Cspl3)4 -
CrenoBaTeabHO,
n5/3
lim mL(w*) = 2Cs|pl3 )4 -

Wcnionb3ys teopemy Jlebera o npeneabHOM Tiepe-
XOJIe TION 3HAKOM WHTETpajia, IMOJYyIeHHBIN pe3yIsTaT
MOKHO 0000IINTH Ha CITyJail TPOM3BOIBHOI (B paMKax
OrpaHUYEeHMIi JOKA3bIBAEMOI TEOPEMbI) TIJIOTHOCTH p.

JlokazaTeabCTBO BTOPOTO IMyHKTa MPOBOAUTCS TaK
Ke, Kak U B TeopeMe 1.

5 3axkiiroueHue

B mpemmaraemoit pabote mcciaemoBaHbl aCUMIITO-
THYECKHE CBOMCTBA ONTHMAIBHBIX Pa3MEIICHUI IS
WCXOMHOW MOIENM, OIMCAHO TIOBSIACHUE KPUTCPUS
Ha IOCJIeIOBAaTeIbHOCTH ONTUMAJTbHBIX pa3MEIIeHUI,
HalieHa mpeaelbHas ONTUMaJIbHAsI TUIOTHOCTB. [l
HAIJISITHOCTU  TTOIPOOHbBIE J10KAa3aTeIbCTBA IPUBEIC-
HBI UIS CiIydas TpEeXMEpHOTO IIPOCTPaHCTBa, OIHA-

KO TOJIyYEHHbIE pe3yJbTaThl MOXHO OOOOIIWTH Ha
cliydail TIpOCTPaHCTBA MPOU3BOJILHON KOHEYHOU pas-
MepHocTh. WMHTepecHO OTMEeTUTb, uTO npu (f; > 0
IpeaebHas TUIOTHOCTb Pa3MELIEHUN HE 3aBUCUT OT
PasMEPHOCTU NIPOCTPAHCTBA U SKBUBAJEHTHA, B HEKO-
TOPOM CMBICJIE, TIJIOTHOCTU paclpeneaeHs BbI30BOB.

[TosyyeHHBIE pe3yabTaThl HOCSAT HE TOJbKO TEO-
PETUYECKUI1, HO W TPAKTUYECKUI XapaKTeEP U MOTYT
OBbITh MPUMEHEHBI IS U3YYEHUS PEabHBIX CHUCTEM.
HaiineHHble aaropuTMbl MOCTPOEHUS ACUMIITOTUYE-
CKU ONTUMAJIbHBIX PA3MELIEHUI JOIYCKAIOT peann3a-
LIMIO HA TIPOrPAMMHOM YPOBHE.
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Ob OHEHNUBAHWU ACUMIITOTUKHU BEPOATHOCTH bOJIBLLIOI'O
YKJIOHEHUS CTAUMOHAPHOUW PETEHEPATUBHOMW OYEPEU

C OAHUM ITPUBOPOM*

A. B. boponuna!, E. B. Mopo3os?

Annoramus: OueHMBaHME KJIACCUUECKMU METOIaMU MMUTALIMOHHOTO MOZIETTMPOBAHUS (MaJIbIX) BEPOSITHOCTEN
TaKMX HeXeJIaTeIbHbIX COOBITHIA, KaK MoTepsi/pa3pyllieHre TaHHbBIX, MepernoHeHrne oydepa, KOHGIMKT cO00-
IIEHU B COBPEMEHHBIX TeJEKOMMYHUKAIIMOHHBIX CETSIX, TpeOyeT HempueMIeMo OOJIBIINX 3aTpaT BPEMEHU 1
BBIYUCTTUTETBHBIX pecypcoB. OMHAKO TOUHbIE aHAIUTUIECKUE PEe3YIbTaThl M3BECTHBI JIUIIb TSI CPABHUTETLHO
Y3KOT'0 KJIacca CHCTeM U CeTeil 00CTy>KuBaHsl. DTO BbI3bIBAeT HEOOXOAMMOCTh Pa3BUTHST KaK aCUMITTOTUIECKIX
METOJIOB aHa/i3a, TaK MU YCKOPEHHBIX METOIOB MMUTAIIMOHHOTO MOIEIMPOBAHMS UIS OIICHUBAHUS BEPOST-
HOCTel COOBITHII yKa3aHHOTO BhIIIe TUTA. B maHHOI cTaThe HEOABHO Pa3BUTHIN aBTOPAMM METOJ, YCKOPEHHOTO
MMUTAMOHHOTO MOJIEJMPOBAHMUSI, OCHOBAaHHBI Ha pacIlelJIeHUU TPaeKTOPUil pereHepaTMBHOIO IMpollecca,
MPUMEHSIETCS UTSI OLIEHUBAHUST BEPOSITHOCTE TMPEBBIIICHUST CTALIMOHAPHBIM IPOLIECCOM OYepeIn/Harpy3Ku
BBICOKOTO YPOBHSI. DTO TO3BOJISIET CYIIECTBEHHO YIIPOCTUTh M YCKOPUTH TOCTPOEHUE OLIEHKU TMOKa3aTest
SKCITOHEHTBI B aCUMIITOTMYECKOM IIPEICTaBICHUN BEPOSITHOCTU OOJIBIIOTO YKIOHEHUS B Cllydae, KOoraa BpeMst
00CITy>KMBaHUSI UMEET KOHEUHYIO JIoTapuPpMUIecKyo QYHKIINI0O MOMEHTOB (TaK Ha3bIBAEMBIN JIETKUI XBOCT).
[MpuBeneHsbI pe3ynbTaThl YMCIEHHOTO MOIETUPOBAHUSI.

KioueBbie cjioBa: acUMNTOTHKA OOJIBILIMX yKJ'[OHeHPIﬁ; OJHOKaHaJIbHad CUCTEMaA 06CJTy)KI/IBaHI/Iﬂ; CTallMOHapHOE

BpPEMS OKMOAHUA; METOI PACIICIINICHUS, YCKOPEHHOEC OLICHUBAHUE

1 Bsenenue

[Ipo6aema nonyueHust 3(PHEeKTUBHBIX CTATUCTUYE-
CKUX OLIEHOK @eposimHocmeil pedKux codbimuil XOpoIio
usBectHa [1, 2]. B KoHTekcTe maHHOW CTaTbhbu 3ada-
ua oyenusanus manvix eeposmuocmeii (nopsaxka 102 u
MEHbIIIE) CBsI3aHa B MEPBYIO ouepenb C 00JacCThIO Te-
JIEKOMMYHUKAIIMOHHBIX TEXHOJIOTUI, CUCTEM U CETEH
00CTyXWBaHUS, TAE TAKWUMU COOBITUSIMU SIBIISTIOTCS,
HampuMep, OTKa3 YCTPONCTBa, MOTepsl MaHHBIX U3-3a
nepenojHeHus oydepa, pazpylieHre TaHHbBIX TP 0~
MbITKE Tepenayrd M3-3a KOHMIMKTa, CBSI3AHHOTO C
paszzmesieHrneM Tiepefaoliero KanHana, n T.1m. OmHako
aHAJIOTUYHAsT TIpo0JieMa He MeHee aKTyalbHa W ISl
MHOTHUX Apyrux obmnacteid. JIns olleHWBaHUS MaJbIX
BEPOSITHOCTE! TpedyeTcsl crielUalIbHbIN MOAXOMd, TO-
CKOJIbKY aHaJIUTUYECKUE Pe3yJbTaTbl MOXHO IOJy-
YUTh, KaK MPABUJIO, JIUIIb ISl OTPAHUYEHHOTO KJIac-
ca TIPOCTHIX MOJeJiell, a TPUMEHEeHNE KIIaCCUIeCKUX
METOJI0OB MMUTAIITMOHHOTO MOJAETUPOBaHUS (TIPSIMON
Meton Monte-Kapno (MK) u ero monudukanmm) He-
addekTuBHO. [leiicTBUTEABHO, IS TOCTPOESHUST OLIEH-
KU 7 (BBIOOPOYHOTO CPEIHET0) MaJION BEPOSITHOCTH 7y C

*Pabora nmognepxuBaetcss PODU, rpant 10-07-00017.

3aJJaHHOM TOYHOCTBIO ¢ MOoMOIIbi0 MeTona MK Tpeby-
eTcs1 HermpremyeMo 00JIbIIoe YMCIo HabmoaeHuii IV, a
3HAYUT, ¥ BpeMsI MOIEJTMPOBAHNUS. DTO CBI3aHO C TEM,
4TO MpU PUKCUPOBAHHOM N OTHOCUTEIbHAS OIINMOKA
orieHuBaHus A () HEOrpaHUMYEHHO PACTET C YMEHBIIIEe-
HUEM OLIEHUBAaEeMOI BEpOSITHOCTH 7y

A(,?)_:\/D_’?:VV_72N 1
B N VAN

rae a ~ b o3HavdaeT a/b — 1 M y4TeHo, 4yTo Ef = ~.
B onucaHHOIl cuTyaluy ajabTepHATUBOM Kilaccuye-
CKMM METOJaM CIIy>KaT METOIbl YCKOPEHHOTO MMUTa-
IIMOHHOTO MONENINPOBAaHUS. Takue METOAbl TO3BO-
JISTIOT TIOCTPOUTH MCKOMYIO OLIEHKY, KaK MpPaBWIO, Ha
HECKOJIBKO MOPSIIKOB OBICTPEE, YeM KJIACCUIECKUI Me-
ton MK [1, 3].

B nmaHHO#l cTaThe paccMaTpuUBaeTCs YCKOpPEH-
HOE OIIEHMBAaHUE TapaMeTPOB AaCUMIITOTUYECKOTO
TIPE/ICTABIICHUsT BEPOSITHOCTU OOJBIIIOTO YKIOHEHMS
rpoliecca o4epeiv/Harpy3Ku B CTAllMOHAPHON OTHO-
KaHaJbHOW cHcTeMe B ciydae, Koraa BpeMsi oOciy-
JKUBAaHUST UMEET TaK Ha3bIBAEMBbIi 1eekuil xeocm. AK-
TyaJlbHOCTh TaKOro TOAXoJa oTMeudeHa B pabdore [4].

—oonpuy — 0,

"MHcTuTyT npuknanHbix MateMatndecknx nccienosanmii KapHLL PAH, borodina@kre.karelia.ru
2IHCTUTYT MPUKIIAHBIX MaTeMaTndeckux nccienosanuii KapHLL PAH, emorozov@kre.karelia.ru
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A. B. Bopoduna, E. B. Mopo3os

OcHoOBHag 1ieJib JaHHOU CTaTbU COCTOUT B TOM, UTO-
Obl MpPUBJIEYb BHMMaHUE CMELMATNCTOB MO aHaIu3y
¥ TIPOEKTUPOBAHUIO TEJIEKOMMYHUKAIIMOHHBIX U BbI-
YUCIUTEIBHBIX CeTell K BO3MOXHOCTSIM HCIIOJIb30Ba-
HUSI YCKOPEHHBIX METOIOB IS OIICHUBAHUS TTapaMeT-
pa acUMIITOTUYECKOTO MPEACTaBICHUS BEPOSITHOCTU
Meperpy3ku CUCTeMbl oOcayxuBaHus. bosee TouHO,
B paboTe MCIOJb3yeTCs HEeAaBHO Pa3BUTHII aBTOpa-
MM METOIl PETeHEePAaTUBHOTO PACIIEIUICHUsI, KOTOPHIN
SIBIIACTCS MOIMMUKAIMEH KIacCMIeCKOro MeToa
pacmeruieHus: [5—7]. Ilpennaraemblii B 1aHHBIN pa-
00Te MoaXO/ oMU PAETCs Ha IPSIMOE OLICHUBAHUE UCKO-
MOI1 BEPOSITHOCTU 0€3 TIPUBJICYEHUST CTOXKHOM TEXHU-
K# Teopun donbmux ykiaoHenuit (TBY). Kpowme toro,
B clIydae pereHepHUpYIOIIeTo Mpoliecca 00CITyKIBaHUS
IMOJTy9aeMbI¢ OLICHKU SBJISIOTCS COCTOSITCIBHBIMUA U
aCUMIITOTUYECKU HOpMaJIbHbIMU [7, §].

CraThsl OpraHM3OBaHa CJAEAYIOIIMM 00pa3oM.
B pasn. 2 kpaTko paccMaTpuBarOTCs ABa OCHOBHBIX
Imoaxoma K YCKOPEHHOMY OIIEHMBAaHUIO: M3MEHEHUE
Mepbl (METOm CYIIECTBCHHOI BBIOOPKM) M MHOTO-
YPOBHEBOE paclIeIJIeHUE TPAaeKTOPUN MOJEIUPYEMOTO
npoiiecca. [TocaenHuii moaxon BKJI0YaeT COOCTBEHHO
METOJ pacllleTUVIeHUsI, METOA MMUTAIL[MOHHOTO MOJe-
mmpoBannst RESTART (REpetitive Simulation Trials
After Reaching Thresholds) [9], m Mommdukaimio
MEeTOa PacIIeIICHUST — METOJ pereHePaTUBHOTO pac-
LIETUICHUS ¢ pAHIOMHU3UPOBaHHBIMU MIOPOTaMU, KOTO-
phlil moapoOHoO u3noxeH B [7]. B pa3n. 3 paccmaTpuBa-
€TCs aCUMIITOTHKA BEPOSITHOCTU OOJTBINTNX YKIIOHEHUI
CTaIIMOHAPHOTO TIpollecca Harpy3Ku/odepent B CIIy-
yae, KOTJa paclipefeliecHrne BpeMeHU OOCTYyXKMBaHUS
nMeeT JIETKUII XBOCT. B uyacTHocTu, mpuBeAeH aHa-
3 cucteMsl Pareto/M /1, tiae WHTepBaabl BXOTHOTO
MoToka uMeroT pacnpeneneHue Ilapeto. Hakownell, B
pasm. 4 IpuBeIeHBI YMCIICHHBIC Pe3yIbTaThl IPUMEHE-
HUSI MeToda pacIlelUIeHUs K OIlEHMBAaHUIO ITOKa3aTe-
JIst B aCUMIITOTUYECKOM TIPEACTaBIeHUN BEPOSITHOCTU
OOJIBIIIOTO YKJIOHEHMSI CTallMOHApHOTO Ipoliecca 3a-
rpy3ku B cucremax M /M /1w Pareto/M /1.

2 YCKOpEHHbIE METOAbI
MOJIETMPOBAHUS

B nanHOM pazzene KpaTko o0CyKAat0TCss OCHOBHbIE
METOJIbl YCKOPEHHOT'0 MOAEJIMPOBaHMS, TPUMEHSIEMbIE
IIJIST OTICHMBAHMS BEPOSITHOCTEM PEIKUX COOBITHI KakK
a(pdexTuBHas abTepHaTHUBA IIpsiMoMy Metoay MK.

2.1 Merton cyliecTBeHHOI BLIOOPKU

Memod cyuecmeenHoll 6bi00pKu OCHOBAH Ha HIIee
crenaTh penkoe codbitre { X € A}, rae A ecTh HEKOTO-
poe (hUMKCHPOBAaHHOE MHOXECTBO, 00Jiee BEPOSITHBIM,

Y T€M caMbIM YCKOPUTH IMPOILIECC OlLIEHUBAHUS Bepo-
aTHoCcTH v := P(X € A) 3a cueT COOTBETCTBYIOIIETO
U3MEHEHUST UCXOJHOIO pacnpeneyeHust F' cirydailHou
BemuuuHHI (c.B.) X [2, 10]. B mpenmonoxeHun cyiie-
cTBOBaHUs IIoTHOCTH f(2) = dF(x)/dx umeem

7:/I(x€A)f(x)dx=

= /I(a: € A)%f(x) dr = Ef(I(X € A)L(X)),

rne | — wHIUKaTtop, L = f/f — omnowenue npagdo-
nodobus, a MaTeMaTuuyeckoe oxuaaHue E 7 oepercs 1o

HOBOI TUIOTHOCTH f . OTa IUIOTHOCTH BEIOMpAETCS C
IIeJTbI0 MUHUMU3ALINHT TUCTICPCUT OIICHKHU (ITOCTPOCH-
HOM TI0 TTOC/IeIOBaTEIbHOCTH HE3aBUCUMBIX C.B. X,
pacrnpeaeneHHbIX, Kak X))

N
G =) = 3 D0 T(Xa € AL(X,)

¥ TaK, 4TOGHI f (x) > 0 ms Bcex & € A, IUIT KOTOPBIX
f(z) > 0. HoBas oueHka sIBIseTCS HECMELIEHHOI,
E:(I(X, € A)L(Xy)) = 7, CTPOTO COCTOSITENBHOM, a
ee IUCIepcusl paBHa

EF(I(X € ALX)?*) —+*

DG () = ¢

DdPdeKTUBHOCTL MeTofa (COKpallleHHe IUCTIIEPCUM
OIIEHKM W BPEMEHU OLIEHWUBAHMS) CYIIECTBEHHO 3a-
BHCHUT OT BbIOOpa f 1. 3ameTnM, 4YTO BBIOOp
f(z) = f(x)/ympuz € A(m f(x) =0,ecn z ¢ A)
ObUT OBl OMTUMAJLHBIM, OJHAKO OH Ha MpPaKTUKE He
IIPUMEHMM, TaK KaK IapaMeTp -y SIBISEeTCS UCKOMBIM.
OTMETHM, YTO HAITH X0pouLyio TUIOTHOCTD f, KaK TIpa-
BWJIO, BeCbMa CJIOKHO M TTO3TOMY MCITOJIb30BaHNE TaH-
HOTO METOJIa He BCeraa MpUBOAUT K YMEHbBILIEHUIO TUC-
TepCcuu.

2.2 CraHpapTHBII METOJ, paclleIIeHUs

BnepBbie MeTo paciiernjieHus ObLT UCMOJIb30BaH B
pa6ote [11] a1 MmonenupoBaHUsT (PU3NIECKUX TTPOLIEC-
COB JIeJICHUsI YacTHII, a 3aTeM B pabortax [12, 13] npu
aHaJIM3e HEKOTOPOU IIpOCToit e MapKoBa.

[TpowmmocTprpyeM CyTh MeTOAa Ha IIpUMepe Ofi-
HOMEPHOTO (1IeJIOYMCICHHOTr0) ciyJalfHOTro Ipolecca
X = {X,}, ompeneneHHOro B MPOCTpaHCTBe R, =
= [0, 400) (4TO HOCTATOYHO IUIST TIPWJIOKEHUI, pac-
CMaTpuBaeMbIX B NaHHOi padote). [IpocTpancTBo R
nenutcst Ha M 41 BJIOXKEHHbBIX MTOJIMHOXKECTB, TPAHULIbI
KOTOpBIX obo3Havatores L;, ¢ = 0,..., M, u Ha3bIBa-
10TCs1 nopoeamu (yposusamu). Tpaektopus X (OOBIYHO
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06 OLCHMBaAHUN aCUMIITOTUKU BEPOATHOCTU 00JIBIIOTO YKIIOHEHUA CTaHHOHapHOfI pCreHCpaTI/IBHOfI ouepean

crapTytoias ¢ coctosiHusl X = 0) paciienisieTcs mpu
JOCTUXKEHUN HEKOTOPOro YpPOBHSI L; Ha HECKOJbKO
TpaeKTopUii-MoTOMKOB. [1Ipu JOCTUKEHNM CIIeayIole-
TO YpOBHS L, Kaxmas M3 3TUX TPAeKTOPUiIl TaKxKe
pacierisieTcss M T.JI. YBeJIM4eHNe YiCiia TPAeKTOPUit
MPUBOJIUT K TTOBBIILIEHUIO YACTOThI JOCTHXKEHUS NCKO-
MOTO pedkoeo mHoxucecmeéa A = {x : © > Ly := L}.
I1paBuao ocTaHOBKM TPA€KTOPUU 3aBUCUT OT TOTO, Ka-
KyI0 BEpOSITHOCTb HYKHO OIIeHWUTh. B cTaHmapTHOM
MeTole pacIieIIeHUs Kaxmas Tpackropus: (1) ambo
MPOJIOIKAETCS IO JOCTVKEHUS 3aJJaHHOTO YpPOBHS L
Wi 10 BosBpaileHus B 0; (2) 1ubo oOpbIBaeTCs MpU
3aBepIIeHUHU Mpollecca MOASTUPOBAHMSI.

Ecnu mpouecc X sBisieTcs pereHEpaTUBHBIM, TO
AJITOPUTM METOAA PACILETUICHUS ITO3BOJISIET TOCTPOUTH
OLIEHKY BEPOSITHOCTH JIOCTUXKEHMUS TIPOLIECCOM YPOB-
Hs1 L Ha 1IMKJIe pereHepaltumn

= >
Ve P(lglji(ﬁXn = L)7 (1)

rme § — IIWHA IIAKJIA B IPEIIToIoXeHn !, 9To EF < oo.
Ecin X gBnseTcs mpoleccoM ouyepeau, U3MEHEHUs
KOTOpOro (B MOMEHThI yXoJia/mprxoaa) paBHbl +1, To
B CUCTeME C HEOTpaHUYEHHBIM OyhepoM MOTEHIIMAab-
HO BO3MOXKHO JOCTHXEHUE JTI00O0T0 (11eJTI0UMCICHHOTO)
ypoBHS L;. 3aMeTHUM, YTO UIS TIPOIIECCOB OOCITYKM-
BaHWUSI TUITMIHBIM MOMEHTOM pereHepallnyl SBISICTCS
JNIOCTUXEHUE COCTOSTHUS ().

Cy1ecTByloT MOIMMUKAIINM MeToda pacIernie-
HUsI, B KOTOPBIX TPAeKTOPHUsI MOXET OBITh IIpepBaHa
IIpH TIOTTaTaHUK Ha HECKOJIbKO YPOBHEH HIKE TOTO,
C KOTOporo oHa ctaproBajia. Eciau BeposITHOCTH TO-
ro, 4TO TPAeKTOPHUSI BEPHETCSI Ha UCXOAHBIN YPOBEHb,
yIaB Ha HECKOJIBKO YPOBHEN HUXe, OUeHb Majia, TO Ta-
KO omce4eHue TPaeKTOPUM HECYIIICCTBEHHO BIIMSIET Ha
nToroByIo oneHKy [10, 14]. DddeKTUBHOCTL MeToa
CWJIbHO 3aBMCHUT OT BbIOOpPA KaK CaMUX YPOBHEM, TaK U
OT YMcJ/ia pacillerieHU i Ha KaXkIoM YPOBHE, UTO SIBJISI-
€TCsl OCHOBHOU Mpo0JieMOii, KOTOPYIO Haao pellaTh
pY MICTIIONIb30BaHMM MeTonma. B pa6orax [3, 14, 15]
TTOJTYYeHBI YCIIOBUST ONITMMAJILHOTO BBIOOpA MmapaMeT-
pPOB, OMHAKO OHU OMHMPAIOTCS Ha MCKOMOE 3HAUYeHUE
olieHuBaeMoii BeposiTHocTU. [IpeumyiiiecTBoM MeTona
pacllleTIeHusl SIBJISIETCSI CYILECTBEHHOE COKpallleHUe
BpEMEHU TIOJYICHUS OIIEHKM I10 CPaBHEHUIO C METO-
nom MK. Boinee Toro, B [14, 15] misg MapKOBCKOTO
Ipoliecca MoKa3aHa HECMEIIeHHOCTb OIIEHKHW 7, a B
pabote [16] moKa3aHBI COCTOSITEILHOCTh M aCUMIITO-
TUYeCcKasi HOpMaJIbHOCTh OLIEHKU 7 IS CIIEIUaIbHOTO
KJ1acca MapKOBCKHUX IMTPOLIECCOB, HE CBSI3aHHBIX C CUC-
TeMaMH oOciykuBaHMsI. B MoHorpadum [8] Takke
00CYXIarTcs O0IIMe YCIOBHUSI, TIPY KOTOPBIX OLIEHKH,
MOJyYeHHbIE METOIOM pacCIleTIeHUsI, YIOBAETBOPSIOT
LIEHTPaJIbHOM TIpeNnebHO TeopeMe.

2.3 Meton RESTART

Meton RESTART, npemioxxeHHbIi B [9], ipeaHa-
3HAYEH JJIs1 OLEHUBAHUS BEPOSITHOCTH

vs =PX = 1L) (2)

MIPEBBIIICHUS CTAIlMOHAPHOI ouepenbio X B CHCTEMe
00CITy>KMBaHUS HEKOTOPOTO (hMKCHPOBAHHOTO YPOB-
Hs1 L. OCHOBHOE pa3jinyue Mexay aJropuTMaMu MeTO-
n1a RESTART u MeTtoaa paciuernieHust COCTOUT B TOM,
YTO B MEPBOM CJIyyae BCe TPaeKTOpPUU, KPOME OITHOM,
0OPBIBAIOTCS TIPU TIepeceueHNH (CBEPXY BHU3) YPOBHSI,
€ KOTOPOTO OHU CTapTOBAJIM IIPH pacieruieHun. Jlamee
MOJICJIUPYETCS TOJIBKO OJHA, MOCAEAHSIST TPAeKTOPUSI
(mpennosaraetcs, 4To BCE TPAeKTOPUMU MTPOHYMEpOBa-
HbI), KOTOpasl paclleruisieTcsl MpU MepeceyeHruu (CHU-
3y BBepX) JII0OOTO YpoBHS. B Metome pacuierieHUs
TpaeKTOpMHM HE OOPBIBAIOTCSI, OTHAKO pacCIICIICHUE
BO3MOXHO TOJIBKO TIPU TepeceuyeHN 0oJiee BBICOKUX
YpOBHE# (MO CpaBHEHUIO C YpoBHEM cTaprta). Kak u
B METOJNIe pacllleTlVIeHUsI, CBOMCTBAa OLIEHOK B METOJe
RESTART npu MoaenmpoBaHUM HeMapKOBCKUX TIPO-
LIECCOB M3YY€HbI HETOCTATOYHO.

HeobxommMo OTMETUTB, YTO METOJ PacCIIeTIICHUS
ObLT pa3paboTaH AJIs1 OLIEHUBAHUSI BEPOSITHOCTU BU-
ga (1) u ero mMcnonb3oBaHUE B aHAJIU3E CHUCTEM 00-
CIIY>KUBaHUS OTPAHUYUBAIOCH UCKITIOUUTENBHO (1110~
YUCJIEHHBIM) MTPOLIECCOM OUEPENU.

2.4 MeToa MHOTOYpPOBHETO pacllerIeHUs
C PaHAOMM3MPOBAHHBIMU ITOPOTaMu

B paborax [5, 6, 17—22] mpemioxeHa MOIN-
dukauusg Metoa pacilelUIeHHs], KOTOpasl MO3BOJIsI-
€T IPUMEHUTDH Pe3YJIBTaThl TEOPUU PereHepaLlun mpu
000CHOBaHUM COCTOSITEIBHOCTH U ACUMIITOTUYECKOM
HOPMaJbHOCTH TOJydaeMbIX OLIEHOK. [Ipu aToM Oblia
BBISIBJIEHA 3aBUCUMOCTb MEXIYy LIMKJIAMM pereHepa-
LMK, TTOJIyYaeMbIMU IIYTeM PaCIIeIUIEHUSsI, U UCCIIeI0-
BaHO e¢ BIMSHKE Ha LIMPUHY JOBEPUTEILHOIO UHTEP-
Bajia. PereHepaTuBHAsI CTPYKTYpa TPACKTOPUIA TaKxKe
MO3BOJIIET MPUMEHUTh CTAHAAPTHBI METOM pacilern-
JICHUsI [T MOJIETUPOBAHMS ITPOLiecca He3aBepIeHHOI
HArpy3Ku, 4TO MPUBOAUT, OAHAKO, K PaHIOMU3ALUU
ypoBHel paciuervieHust. bojee Toro, MmoaenupoBaHue
I10 IIMKJIaM pereHePaLiK MMO3BOJISIET TPUMEHUTH METOST
pacilerieHus /1T OLIEHUBAHUS CTAllMOHAPHOMN BEpO-
SITHOCTU BuUAa (2) Kak JJIs1 TIpoliecca oyepeau, Tak u
UTSI TIpoliecca Harpy3Ku.

JaHHBIM METOA IPOWLIIOCTPUPOBAH HIKE Ha
MpUMepe OMHOKAHAIbHOI CUCTEMBI OOCIYXMBAHMS
GI/G/1 ¢ He3aBUCUMBIMU OIMHAKOBO pacIpenesieH-
HBIMHM (H.0.p.) BpeMeHaMu o6cyxuBaHus { Sy, }, H.0.p.

WHOOPMATUKA U EE TPUMEHEHUWS Ttom 4 Bbimyck 3 2010 31



A. B. Bopoduna, E. B. Mopo3os

WHTepBaJlaM¥ BXOTHOTO MOTOKa {7, } ¥ B TIPEIITOTIOXKE-
HUU cTanmoHapHoct p = ES/ET < 1. (3mech u
najiee OMyIleH WHIEKC TPpU 0003HAYeHUU TUITMIHOTO
3JIeMEHTa TOCJIeIOBATEIBHOCTH H.0.p. €.B.) Paccmor-
pum nipouecc {W,, n > 1}, tne W,, — Bpemst oxuia-
HUsI B odepenu 3asiBKu n. [locnenoBatenbHocTs { W, }
SIBJISIETCST MAPKOBCKOI LIETTbI0, KOTOPAs YIOBJIETBOPSIET
pexypcun JInHau:

Wos1 =W+ X)), Xo=8S,—7,, n>1. (3)

Ilpu p < 1 cyliecTByeT CTalMOHAPHOE BpeMsl OXuAa-
Hug W, T. e. cnadwiii nipenen W,, = W. Mcrionb3ys Tex-
HUKY paclIerIeHUsI, TOKaxKeM, KaK MTOCTPOUTh OLIEHKY
CTallMOHAPHOM BEPOSITHOCTH MpPeBbILIeHUST ((DUKCUPO-
BaHHOIO) YPOBHS x, T. €.

vs = P(W > x).

B ormimume oT (1IeTOYMCIICHHOTO) TIpoliecca OdYepenu
(co ckaukaMu paBHbIMU F1), mpouecc W usmeHsieTcs
B MOMEHT TpUXofa 3asiBKM 1 Ha BEJMYUMHY BpeMEHU
obcnyxuBaHus S,,. [1pyu MoaenmpoBaHUU MapKOBCKOM
menu (3) pacieruieHre TpaeKTOPUH MOXKHO ITPOBOIUTH
JIMIITE B MOMEHTHI TTOCTYIUICHUS TPeOOBAaHUI B CHCTE-
My. Takum oOpa3om, TpaeKTOPHS IIpollecca 3a OINH
CKayoK (BBepX) MOXKET Iepecedb cpa3y HECKOJIbKO 3a-
JMAHHBIX 3apaHee ypoBHei. [losTomy Kaxkmasi Tpaek-
TOpUS MOJyYaeT CBOIO COOCTBEHHYIO CUCTEMY YPOBHEH
pacIeIicHUsI, 9YTO W O3HavyaeT WX PaHIOMM3aIIo.
CremoBaTeIbHO, CIIOCO0 MOCTPOCHMS OIIEHKH s, MC-
MOJIb3YeMbIil B CTAaHAAPTHOM METOJIie, B JAHHOM Cllydae
HEeNPUMEHUM.

B pa6otax [6, 22| npemyioxxeHa MoaudUKaIUsI Me-
TOma pacIIeIICHUS IUISI MOACIMPOBAHUS npoyecca oue-
pedu B cucteme M/G/1 ¢ UCTIONB30BAHUEM 640MCEH-
Hoil yenu Mapkoega, Korna paciieIieHe TIPONCXOINT B
MOMEHTHI yXOJa 3asBOK, UYTO CHOBa MPUBOIUT K paH-
nomMu3zanuu ypoBHeit. [Ipu aToM oOlee yuciao 1uK-
JIOB pereHepalyu OcTaeTcsli HEU3MEHHBIM U PaBHBIM
N = Ry--- Ry, Toe R; — 4uCIIO pacleIieHUid Ha
ypoBHe L,;. I MOomemWpoBaHUS TIpoIecca Harpys-
ku {W,,} MOXHO MPUMEHWUTh aHAJOTMYHBINA MTOIXOI,
HCTIONB3YS CIIeayIollee YCIOBUE pacillerIeH s .

Yceaosue pacmemnenus. Eciu B MOMEHT NIpHXO-

Ja 3a8BKM TpPaeKTOpHs, CTapTyiollasg W3 00JIacTH

G; = |[L;,Liy1), mnepecekia HEKOTOPbIil YPOBEHb
k

L+, TO oHa pacuieruisiercst Ha || R;+; TpaeKTopui,
i=1
kE>1,i+k< M. ’

Ecau mipy 3TOM yCJIOBUM HEKOTOpasi TPACKTOPHUS
MEXIy IOBYMSI TIOCIIEIOBATCIBPHBIMU YXOIaMU IIepe-
cekaeT (CHM3Y BBEpX) HECKOJIBKO 3apaHee 3adaHHBIX
YPOBHEM, TO YKCIIO TTOTEPSHHBIX TPAeKTOPHUIA KOM-
TMEHCUPYETCs, OCTaBJIsIs 00llee KOJMYECTBO pacliiern-

JIeHUl (IMKJIOB pereHepanyu) HEeM3MEHHBbIM U paB-
HeIM N [6, 21, 22]. B [7] noka3zaHa cOCTOSITEIbHOCTD
1 aCUMIITOTUYECKasi HOpPMaJIbHOCTh ITOCTPOSHHOM Ta-
KM 00pa30oM OIIeHKH CTAlIMOHAPHOW BEPOSITHOCTH 5.

3 ACHUMIITOTUKU JJISI BpEMEHU
00CJIY:KMBaHMUS C IETKUM XBOCTOM

OpHolt U3 HauOoJiee aKTyaJlbHbIX 3a1ay MpU HC-
CJIEOBAHNM COBPEMEHHBIX TEJIEKOMMYHUKAIIMOHHBIX
CHCTEM SIBJISIETCSI OILIEHMBAaHWE KadecTBa CepBuca
(QoS), 9TO YacTO CBOIMTCS K OIICHMBAHUIO MCKITFOUM-
TEJBbHO MAaJIbIX BEPOSITHOCTEH TaKWX HeXKelaTeJIbHBIX
COOBITHIA, KaK MOTepsI UJIN pa3pylIeHNEe JaHHBIX, OTKA3
repefaloliero KaHasia, reperojaHeHue oydepa u T. 1.
Ki1ro4eBy1o poJib TIpyA 3TOM MTPAIOT ITPOLIECCH OYepe-
[ ¥ BpeMEHU OXUIaHKs (He3aBEPILEHHOI HATPy3KM ).
B manHOM pasneiie PUBOISITCS OCHOBHBIC aCHMIITO-
THYECKHE COOTHOIICHUS IS YKa3aHHBIX ITPOIIECCOB B
OIHOKaHAJbHOU CHCTEME, B KOTOPOU BpeMs OOCITYKM -
BaHU MMEET JIETKUI XBOCT.

3.1 OcHOBHBIE ACUMIITOTUYECKUE
COOTHOIIICHUA

XO0poIo M3BECTHO, YTO €CIM B CTALMOHAPHOM
cucreme GI/G/1 Bpemst obcayxkuBanust S obianaer
JIETKMM XBOCTOM, T.€. €CTM MPOMU3BOIAIIAs (DYHKIINS
MomeHTOB Ee?® < 0o B HEKOTODOIt MONOXHUTENBHOI
OKpPEeCTHOCTU mapameTpa f# = 0, TO UMeeT MECTO Clle-
Jyiolliee aCUMITOTUYECKOE MpeCTaBIeHUE ISl XBOCTA
pacrpeneneHust CTaluOHapHoii Harpy3ku W (cMm., Ha-
mpumep, [23]):

lim E logP(W > z) = =0, 4
xr—00 I
rae moctostHHast 6 > 0. Takum oOpa3om, aCUMIITOTH-
Ka XBOCTa pacrnpeeneHus W nMeeT 9K cHoHeHUUanbHyH
gopmy.

JLiist onipenieNieHrst UICKOMOTO TapaMeTpa ¢ UCTIONb-
syetcst TBY u paccMaTpuBaeTcs npenesibHast HOpMHUPO-
BaHHA 102apumuueckas npoussoosauas QyHKyus mo-
MeHmOog

]. n
lim = log Eef 2 i=1 % (5)

n—oo n

A(9) =

B IIPEATIONOXEHUH, YTO TIPEAESI CYIIECTBYET M KOHEUeH
B HEKOTOPOH (MOJIOXKUTEIbHOI) OKpecTHOCTH 6 = 0.
Torma mapameTp 0 onpezessieTcst Kak

d=sup(d >0: A(0) <0)

U SIBJISIETCSI €IMHCTBEHHBIM ITOJIOXKHUTEbHBIM PEIIeHN -
em ypaBHeHus1 A(0) = 0. Takum oGpasomM, mpobiiema

32 WHOOPMATUKA U EE TPUMEHEHUWS Ttom 4 Bbimyck 3 2010



06 OLCHMBaAHUN aCUMIITOTUKU BEPOATHOCTU 00JIBIIOTO YKIIOHEHUA CTaHHOHapHOfI pCreHCpaTI/IBHOfI ouepean

HaxoxneHus dynkunu P(W > x) B pamkax TBY cBo-
JUTCS K BBIUMCICHUIO MapameTpa ¢ ¢ MpeaBapuTeb-
HBIM HaxoxaeHueM npeaena (5). Kpome Becbma crieny-
aNbHbBIX cryyaes (ckaxkem, cuctem M /M /1, M/M/m),
IaHHAs 3aJa4a He MMeeT aHAJIMTUYECKOrO PEeLIeHMUS.
DTO BBIHYXIAET CTPOUTH OLICHKY MTapaMeTpa d Ha OCHO-
Be oteHnMBaHus GyHkimu A(6). Pasymeercs, mocnen-
HSIsT TIPOOJIEMa TaKKe SIBJISIETCST JOCTATOUHO CJOXKHOIA.

CraHgapTHbBII METOM paCLIEIIEHUsI U €ro pereHe-
pPaTUBHBIN aHAJIOr MEePBOHAYAIbHO ObUIM MpeaHa3HAa-
YyeHbI (M MCIIOJIb30BaHbI) MJIsI pacyeTa CTallMOHAPHOI
BEPOSITHOCTH TIEPETOJHEHUSI CUCTEMbI Ha LIMKJIE pe-
reHepalu, 4eMy CrocodCcTBOBaga KOHCTPYKIIUST pac-
LIEIJIEHUST ¥ IIPABUJIO OCTAHOBKM TpaeKToOpuii. B cBs-
31 CO CKa3aHHBIM YMECTHO IIPMBECTU pPe3yJIbTaThbl
paboTHl [24], TAe McciieqoBaHa aCUMITTOTHKA BEPOSIT-
HOCTH CTAallMOHAPHOW OYepean B 1m-KaHaIbHOIM CHCTe-
Me G1/G/m na yukae pecenepayuu B IpeNIIOIOKEHUN,
YTO MHTEPBaJ BXOIHOIO IMOTOKA T U BPEMsI OOCTYKH-
BaHUs1 S yIOBIETBOPSIOT YCIOBUSIM

ES -
= —<m
P Er )

P(r>S)>0

u uto hyHkuus Ag(6) := log Ee?® < oo B HekoTOpOI
(TromoxkuTeIbHOM) OKpecTHOCTH 6 = 0 (T.e. S mMmeeT
JIeTKUi XBocT). IlycTh v, O3HAYaeT YMCIIO 3asIBOK B
(cTauMoHapHOIt) ouepear B MOMEHT MTPUXO0/1a 3asiBKU 1.
U TyCTh [ — JUIMHA LWKJIA pereHepalydu CUCTEMBbI.
O003HauUnM 4epes

= >

Ye(k) =P (1r£la<xﬁ v > k)

BEPOSTHOCTH IPEBBIIICHUS (CTAIIMOHAPHOIT) OUepeIbio
ypoBHsI k Ha uukie pereHepauuu. Ilyctb A, (—0m) =
= logEe %7, 0O6o3Hauum A(f) = logEe?(S—m7),
Torna, oueBUIHO,

A(0) = A, (—0m) + As(6).

B [24] noka3aHo, 4TO CyIIECTBYeT eAMHCTBEHHOE pe-
nreHue § > 0 ypaBHeHust A(0) = 0 v uTO

1

L IOg’yc(k) = AT(_(Sm) :

lim
k—oo
3a WCKITIOUeHNEM MPOCTEUINMX CIyJdaeB (HAIpHUMep,
cuctemsl M /M /m, cm. [4]), HaXoXIeHUE STBHOTO pe-
ureHust § ypasaeHust A(f) = 0, a Tem Gosnee byHKIUU
A-(—md), sBrsieTcss Hepa3pelmMoii 3anadeii. [1oaro-
MY MPSIMOE YCKOPeHHOe OyeHU8aHue BeposTHOCTeH . (k)
Ha OCHOBE pereHepaTMBHOIO paclleIUIeHUsI C Ioce-
IYIOIIUM OIICHMBAaHUEM TTapaMeTpa ¢ IIPEICTaBIISICTCS
BechbMa 3(pPEeKTUBHBIM ITOIXOIOM.
HabmoneHusi 3a TpadukKoM COBpPEMEHHBIX Ce-
Teil MokKasbIBaloOT [25], 4TO BpeMsi OOCIy:KUBaHUS S

4acTo MMeEET paCTpeleNeHUe C MANCeAbIM XBOCHOM
(Hanmpumep, Ilapero, norHopmanbHoe, BeitOynna).
CrnenoBaTeibHO, S MMEET HEOTrpaHWYEHHYIO TPOMU3-
BoOAAIIYIO (bYHKIINIO MOMeHTOB Ee?® = oo mns mo6o-
ro 6 > 0. 3aMeTuM, YTO B CTAI[MOHAPHOU cHUCTEME
GI/G/1 koadbdurment 3arpy3ku p = ES/ET < 1, mo-
stomy P(7 > 0) > 0. Takum o6pasom, Ee~ " > 0,
noatomy log Ee %7 > —oo0. CnenoparenbHo, B cTaum-
oHapHoii cucreme GI/G/1, rae BpeMst 00CTyXUBaHUSI
WMeeT TSKENbIN XBOCT,

A(#) = logEe?® 4+ logEe ™ = o0

U moaToMy ucnosb3oBaHue ThY HeBo3MoxkHO. B To ke
Bpemst cuctema Buna GI /M /1 ¢ pactipeneieHIEeM BXOMI -
HOTO MOTOKA, 001aJaI0LIUM TSIKETBIM XBOCTOM, MOKET
aHaJIM3UPOBAThCSI Ha OCHOBe acuMNTOTUKK THY. DToT
BOIIPOC OYIeT OOCYKIEH B CIICAYIOIIEM paseiie.

3ameuanue 1. Bpadome 5] paccmampusaemcs npoonema
oyenugarus memooamu THY mak naszvieaemoit 3¢pghex-
MUBHOU NPONYCKHOI CNOCOOHOCMU, MECHO C8A3AHHOU C
napamempom 5, 6 marHdemHoil cemu, obaadarouyeil ceoii-
CMEOM peceHepayull.

3.2 Awnanu3s cuctemsl Pareto/M /1

B a3ToM pasmene paccMaTpuBacTCs IIpoOIeMa BBI-
YUCIICHUS TapamMeTpa acCHMIITOTUKHA BEpPOSITHOCTH
OOJIBIIIOTO YKIIOHEHUS CTAIIMOHAPHOM OYepeIn B CHC-
teme Pareto/M /1, tine unmepean 6xo0H020 nomoka ume-
em pacnpedenenue Ilapemo (C TSKEJBIM XBOCTOM), a
BpeMsI 00CTYKMBaHUSI — 9KCITOHEHUIMAIBHO, T. €. UMe-
€T JIETKAM XBOCT.

IMycTh cKOpOCTb 00CTyXKMBaHust paBHa ;1w = 1/ES, a
H.0.p. MHTEePBAJIBI BXOTHOTO ITOTOKA PACIIPEICICHBI TT0
3akony Ilapero

1-A(x):=P(r>a)=2"% >1,
a>0 (A(z) =0, z<1). (6)

OTMeTHM, 4TO

Er = < oo, ecmm o > 1;
o —
D <« < ecau o > 2
T = 00, e} .
(@ =1)*(a—2)

Pacnipenenenue INapeTo Bo3HUKaeT mpu MoaeInpoBa-
HUU TpaUKOB COBPEMEHHbBIX TeJEKOMMYHUKAIIMOH-
HBIX CUCTEM, MpPUYEM 3HAUYeHME TapamMeTpa « 4acTo
OKa3bIBAETCS B AMama3zoHe 1 < « < 2, KOrga BTOpOM
MOMEHT COOTBETCTBYIOIIEH XapaKTEPUCTUKU SIBJISIETCSI
OecKoHeYHbIM [26]. PaccMoTpuM BIOKEHHYIO MapKOB-
CKYIO LIeTTb {1, } — MOCTIeA0BATEIbHOCTh YMCEN 3aBOK
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B CUCTEME B MOMEHTBI, HETIOCPEJICTBEHHO TPEIIIECT-
BYIOILIME npuxody 3aa6o0k 6 cucmemy. bojaee TouHo, 3Ta
LIeTTh YIOBJIETBOPSIET PEKYPCUM

Upi1=(Wn +1—-A)T, n>1, (7)
rme A, eCThb YHCIIO 3asIBOK, OOCIY:KCHHBIX B TeUCHUE
n-TO MHTEPBaJjia BXOAHOTO ITOTOKA B IIPEAIIONIOKCHIH,
YTO 6 cucmeme Haxo0Uumcst HeO2PaHUu4eHHoe YUCA0 3ds160K.
JlaHHOE TIpeNIIoNoXKeHUe, He MEHsIST JMHAMUKU TIPO-
Lecca oyepesu, Mo3BOoJIsIeT paccMaTpuBath {4, } Kak
H.0.p. c.B. B coorBeTcTBUM ¢ MeTogamu TBY mist BbI-
YUCIICHUS TapaMeTpa d BaCUMIITOTHIECKOM ITPeCTaB-
JICHUHW HEOOXOOWMO HAWTH 3HAUCHME ITPOM3BOISIICH
JiorapudMu4YecKoil GyHKIIUM MOMEHTOB (TUITUYHOTO)
npupanieHus 1 — A ciaydaiiHoro GyrysknaHust, hopMu-
pytoiero pekypcuio (7), T. €. QyHKIUIO

A(0) =logEe?U~2) = 9 4 log Ee™ 4

u 3ateM peuiuth ypaBHeHue A(f) = 0. OueBUIHO, YTO

Zea

—OA

raoe

ak:/ e*ﬂm(“]z’) dA(z), k>0.

Takum ob6paszom,
Ee 4 = /e_“(Hefe)w dA(x) = E~"7 |
o=

npuyem napametp 0; = (1 +e~?

TCJIBbHO ITOJIydJacM

). [loaTomy OKOHYA-

A(0) =6+ logE~7 .

Takum o6pa3oM, HaxoXIEeHUE MapaMeTpa aCUMIITOTH -
KM BKJII0UYAeT BbIUMCIeHUE Mpeodpa3zoBaHus Jlaminaca—
Cruntbeca pacrnipeaeneHust [lapero vHTepBaga BXod-
HOTO TIOTOKA. B 2TO# CcBs3u 0OOCYyIMM TPYIHOCTH
BBIYMCJIEHUST JAHHOTO TIPeoOpa3oBaHUsI, CIEAys pa-
ooram [27, 28]. Tak Kak TIJIOTHOCTb pacrpenese-
nus Tapeto pasHa f(r) = az ™Y a > 1,2 > 1,

(f(x) =0, z<1),T10
Ee " = a/xfo‘*le*ez dr =

1
00

= af” /x_o‘_le_””dw =af*T(—a), (8)

1

rae I'(—a) — nonHast ramma-QyHKIMs.

3ameuanue 2. B pabome [28] na camom deae paccmampu-
eaemcs naomuocms [lapemo, umeroujas cosue nepemen-
HOUl & Ha 3HAYeHUe Napamempa NoA0NCeHUs T (6 Hauem
cayuae xg = 1), m. e. naomuocms f(z) = af (x+x0)* L.
B smom cayuae ewipaxcerue (8) codepucum emecmo
eamma-@yukyuu ynkyuro Yumarkkepa

Wi, #(x) =

_ gt/ 2eme/2 /t“ A=1/2(1 4 gyrA=1/2 =t gy
T'(p—a+1/2
ot i)

o0

Mocae 3amen N = —(a+1)/2, p = —a/2, x = O u
xo = 1 coomnowenue (8) npunumaem 6uo

Ee 07 = 049(0‘71)/289/2W_(a+1)/27_(1/2(9) .

Takum ob6paszom, mpeodbpazoBanue Jlamtaca—CTu-
Theca pacripenesieHust [lapeto BbIpaxaeTcs: yepe3 U3-
BECTHBIC (PYHKITNH, IJIST KOTOPBIX CYIIIECTBYIOT ITOAPO0-
Hble TaOnuIlel, HartpuMmep [29]. OTMeTUM Takxke, 9To
BBIYMCIIEHUE 3TUX (PYHKIMI BO3MOXHO C TOMOIIBIO
nmakeToB Maple u Mathematica. [TonyyeHHBII pe3ysib-
TaT Jae€T BO3MOXKHOCTh B IPUHIIUIIE HAXOINUTh YUCIICH-
HOe 3HauyeHue npeodbpasoBanus Jlarmmaca—Cruiarbeca
pacrpenenenus: [lapeTto, ogHAKO He ITO3BOJISIET pe-
IIUTh OOCYKIABIIIYIOCS BBIIIE 3aa4y BEIYMCICHUSI MMa-
pameTpa 6. Takum oGpa3oMm, MPOBEACHHBINH aHaIU3
MOKa3bIBAeT, YTO aHAJTUTUYECKOEe HAXOXIEHUE Tapa-
MeTpa aCUMOTOTUKU [JIS CUCTEMbI OOCITYy>KMBAaHUSI C
BXOIHBIM ITOTOKOM IlapeTo HEBO3MOXHO. DTO MOMI-
TBepXKIaeT BaXXHOCTD IIPSIMOTO OLIEHUBAHUsI [TapaMeTpa
ACHMITOTUKY Yepe3 YCKOPEHHOe OIIeHUBAHUE BEPOSIT-
HOCTH OOJIBIIIOTO YKJIOHEHUST MCXOHOTO TIpoliecca.

3.3 OueHuBaHME NapaMeTpa aCUMIITOTUKH
METOJOM pacIleTJICHUS

[MockosIbKy HailiTM B SBHOM BHIE IapameTrp o
B aCHMIITOTHKe (4) C WCIONB30BaHUEM Jorapud-
MHMYECKOU TPOU3BOMIICH (DYHKIIMM MOMEHTOB BO3-
MOXHO JIMIIb B TIPOCTEHINNX CIAy9assx (CHCTEMBI
M/M/1, M /M /m), axnaccuueckuiit meton MK siBsi-
ercs HeahEeKTUBHBIM MIJII OLIEHUBAHUS CTallMOHap-
HOW BeposiTHOCTH s = P(W > b) mpu GoibLImX
3HAYCHMSIX b, TO TIPEICTABIISICTCS €CTCCTBEHHBIM TIPH-
MEHUTD YCKOPEHHBIN METO paCIIEIUICHUS IJIST BEIYMC-
JIEHUST ToKazaTessl SKCIIOHEHThl B aCUMIITOTUKE (4),
OMUpasiCh Ha TPSMOE BBIUMCICHUE CaMOi BEpOSIT-
HOCTH ¥s. BO3MOXHOCTB TAaKOTO MoX01a Oblj1a OTMEUe-
Ha B padore [30] B CBSI31 ¢ TpPYIHOCTSIMU, BOSHUKIITUMU
MPU MOCTPOCHUU OLIEHKHU 3(PPEKTUBHON MPOMYCKHOMN
CIOCOOHOCTH Ha OCHOBE MCITOJIb30BaHUsI TaK Ha3bIBa-
emoro Metoja batch-mean [31]. bojiee TOUHO, MOXHO
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HCIIOJIb30BaTh METO/ pereHepaTUBHOTO pacIlerIeHUsT
JJIST TIOCTPOEHUST COCTOSATENbHOM M acMMOTOTUYECKU
HOPMAaJIbHOU OLICHKU 7 BEPOSITHOCTHU Y5 TIPU Pa3iny-
HBIX 3HAYEHUSIX MOPOroB by < --- < b,. OOGO3HAYNM
4epes 4; olleHKy BepositHocTu P(W > b;). B pesynbra-
Te TI0JTyJaeM IOCIIeIOBATeIbBHOCTh OLIEHOK 5;

: log 4
8 = -
bi

=5+CM:), i=1,....n, (9

rne ciaraemoe C'(b;) — 0 mpu b; — oo. [loatomy
MpY 3aIaHHOI TOYHOCTH OLIEHUBAHUS € > 0 HCKOMYIO
OLIEHKY 0 TTOKA3aTessi & MOXHO ONPEIeTh, HAPH-
Mep, Kak

SZ rknin{gk : |3k—1 — 3k| < 6}. (10)

>1
OrmpenesieHne  ONTUMAIBHOW — TOCTIEN0BATEILHOCTH
3HA4YeHUIl b; (HarpuMep, IS MUHUMM3allMu BpeMe-
HU MOJIEJIMPOBAHUS) OCTAETCSI OTKPHITOI MTPOOJIEMOA.
CkaxeM, B MpUMepe M3 CIEOyIOUIero pasaena Mo-
CIeMOBATEIbHOCTD b; OTpenensieTcsl Kak apudmeTu-
yeckas mporpeccusi ¢ maroM d = 10. TlockombKy
6;—0 = C(b;) — 0, To (B 3aBUCUMOCTH OT KOHKPETHOIA
3a/la4M) OllEHWBAaHUE JOCTATOYHO, BUIMMO, TIPOBECTH
JIAIb 048 HeCKOAbKUX O0AbWUX 3HAYEHUll nopoea uau
daoice 0451 00HO2R0 U3 HUX.

[MomuepkHeM, 9TO PEMTOXKEHHBIN METON OTIMPACT-
¢Sl Ha JIoTapu(MUYECKYIO aCUMIITOTUKY (4) U TIO3TOMY
ckopocTh cxomumoctu C'(b;) — 0 CyIIecCTBEHHO 3a-
BUCHUT OT paccMmarpuBaeMoii Mmozenu. (B aroit cBs3u
cMm. [4].)

4  Pe3ynabraTbl YMCJIEHHOTO
MOJEJTUPOBAHMS

B aTOM paszgnesie mpuBeaeHbI pe3yabTaThl YUCICH-
HOTO MOJIEJTMPOBAHUS U OLIEHUBAHUS TTapamMeTpa d pu
aHaJIN3e ACUMITTOTUKY OOJTBIIIOTO YKIIOHEHUSI BETUIM -
HBI CTallMOHAPHOW Harpy3ku B cucteMax M /M/1 u
Pareto/M/1. W3zydeHo Bnusinue ciaraemoro C(b;)
B (9) Ha olleHKy 5 rmapamMeTpa 6, KoTopasi, B CBOIO
ouepelib, Bruucsiiach mo dhopmyse (10).

Pacemotpum BHavane cucremy M /M /1 ¢ koadbdu-
LIMEHTOM 3arpy3ku p = A/u < 1. XBocT pacmnpene-
JIGHUs CTallMOHApHOTro Tpolecca Harpy3ku W umeer
BUI

PW > ) = pe” =N 2>0, (11)
U TI09TOMY MCKOMBIH TTapameTp 6 = p — A, a BEJTUIn-
Ha C'(b;) = —log p/b;. Ormerum, uto Benmuuny C'(b)
MOXHO TPAKTOBATh KaK CUCIEMAMUHECKYI0 OUUOKY Olje-

0,45
- ]
0,44] -2
-o- 3
0,43
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041%“& B
w 0,41+ Te- S . 15—‘"0 ______ o
Tes - SV SN
0,40 alabduin alal |
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b

Puc. 1 3aBucumocTtb OLEHKM MapameTpa § OT BeJIUYMHBI
nopora B cucteme M/M/1 (p = 0,6; A = 0,6; p = 1): 1 —
60=0,4;2—06;;3—RS

HUeaHus apameTpa d, Koropas crpeMuTcs K 0 ¢ poctoM
BenuuuHbI mopora. M3 (9) ciaenyert, yto

51-:—10% Fu—X, i=1,....n.
3
Ha puc. 1 npuBeaeHbl pe3yabTaThl BBIYMCAECHUS OLIEHOK
rmapamMeTpa o, IMOJydyeHHbIe IyTeM ITOACYeTa BEPOSIT-
Hoctu P(W > b;) o popmyste (11) (0603HaYeHHI ;), a
TaKKe MTyTeM MIPSIMOTO OLIEHUBAHUS 3TON BEPOSITHOCTU
METOIOM PETeHEePaTUBHOTO PACIICTIICHHS ¢ PAHIOMM-
supoBaHHBIMEI TToporamu (RS). ITapamerpbr Momenu
BbIOpaHbl 1t = 1, p = 0,6. [lodydyeHHBIE OLIECHKU TaK-
K€ CPaBHUBAIOTCS ¢ M3BECTHBIM 3HaueHueM § = 0.4.
B o6omx mMeTomax MCITOIb30BaHBI 3HAUYECHUS ITOPOTOB
by =30,b; =b;_1+10,2=1,...,11. BxonHbIMU JaH-
HBIMU JIJTS aJITOPATMAa METO/IA SIBJISTFOTCST: TTapaMETPHI A\,
4, 3aJJAHHOE YMCJIO PEIKUX COOBITUI, YPOBEHD b;, TIPO-
MEXYTOUHbIE YPOBHU L; (IS JaHHOTO YPOBHS b;),
YMCJIO pacLleTUIeHni [2; Ha KaxXnoM ypoBHe L ;. Ycio-
BHEM 3aBEPIICHUS MOICINPOBAHUS CUMTACTCS JOCTH -
JKEHHME 3aJaHHOTO YHWCJIa PEIKUX COOBITHIA, a TaKkKe
3aBeplIeHME TEKYIIEero nukiaa pereHepaunu. Kak ot-
MeudeHo B pasi. 2.4, TpaeKTOpus Ipoliecca Harpy3ku
paclleruIsieTcs TUIb B MOMEHTBI MpUXoJa TpeOoBaHU I
B cuctemy. [ToaTomy (B OT/IMUKE OT IpoLiecca OUepein )
MONaJaHKue Ha 3apaHee 3aJaHHble YPOBHU L; He ra-
PaHTHPOBAHO W 3TU YPOBHM CIIYKAT JIUIIb TpaHUIIAMU
30H, BHYTPU KOTOPBIX OKa3bIBAIOTCS ACHCTBUTEIbHbBIC
(paHAOMU3MPOBAHHBIE) YPOBHU paclLIEIIEHUsT TpaeK-
topuu. [lonpobree cM. [5, 7].

Ouenka §; cTpouyiach 1o opmyie (9), rue omeH-
Ka 4; BepositHocTu P(TW > b;) BeIYMCIISIIACH KaK BbI-
obopouHoe cpemHee m3 100 3HAYCHMH, MOMYICHHBIX
METOIOM PeTreHEePaTUBHOTO PACIICIIICHUS C YCIOBUEM
noctuxkeHust He MmeHee 1000 peakux coobiTuii. Hampu-
Mep, Juisi iopora by = 110 oeHKa 59 = 3,9497 x 10720,
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cpelHee BpeMst MOJeIMPOBAaHUS OTHOTO 3HAYCHUS BbI-
6opku coctaBuiio 122 ¢ (Ha mpouieccope Pentium(R) D
CPU 2,8 I'Ti). OtMetum, 4To mis ypoBHS byi; = 130
OLIEHKA BEPOSTHOCTM 411 MMeeT Topsamok 10723 B
obomx ciydasx (cMm. puc. 1). Mertom pereHepaTHUB-
HOTO pacIIerUIeHUs] 1aeT b1 = 0,40517, mpu 3TOM
|010 — d11] = 0,0004. B 1o Xe Bpemsa 1O hopmy-
sie (11) momyvaem 611 = 0,40393, |d10 — d11] = 0,0003.
[TomyaeHHBIC PEe3yABTATHl MOXKHO CIMTATh BITOJTHE YI0-
BJICTBOPUTEILHBIMH.

MeTtomoM pereHepaTUBHOTO pACIIETUICHUS TaKKe
IIPOBEICHO OLICHUBAHME ITapaMeTpa ¢ B AaCUMITTOTHYC-
CKOM TIpe/icTaBIeHH BepositHocTn P(W > b) B cucte-
Me Pareto/M /1 B mpenmnonoxeHuu, 9to B popmyite (6)
a = 4, a KoadhdUIMeHT 3arpy3ku cuctemsl p = 0,75.
PesynbraThl YMCIEHHOTO MOJEIMPOBAHMS IPUBEIEHbI
B Tao. 1.

Tabmuna 1 OueHkM BepoOSTHOCTH <y, ¥ TTOKA3aTess & B
cucreme Pareto/M /1

i b ¥ 0 |6i71 - 5i|
1| 30 | 54394-10° | 0,4041 —
2| 40 | 2,9336-107 | 0,3760 0,028
31 50 | 5,7565-10° | 0,3795 0,003
4 | 60 | 2,8354-10'" | 0,4048 0,025
51 70 | 6,3413-10' | 0,4012 0,004
6 | 80 | 6,9826-10 | 0,4074 0,006
71 90 | 3,4447-10% | 0,3956 0,012
8 | 100 | 2,9986-10' | 0,4035 0,008
9 | 110 | 4,0204-10% | 0,4060 0,003
10 | 120 | 9,2678-10%% | 0,4036 0,002
11 | 130 | 2,0886-10%% | 0,4017 0,002

3HaueHUs OIIEHKM ; CHOBA ITOJIyYeHBI TT0 BEIOOPKE
pazmepa 100. [Tpouenypa MmoneanpoBaHus OCTaHABIM -
BaeTCs MOCJe 3aBeplLIEHUs] TeKYIIEro LUKJIa pereHe-
pauuu u npu goctukeHun He MeHee 1000 MCKOMBIX
COOBITHIT (HOCTIDKEHWE 3amaHHOro mopora b;). Ha-
IpUMep, IS TIOJTYIeHUST OMHOTO 3HaUCHUS B BEIOOPKE
IpU BbIUMCIEHUU 411 = 2,0886 x 10723 mwia nmopora
b11 = 130 B cpeaHem Obuta 3atpaveHa 301 c¢. Kak Bua-
HO W3 TabJI. 1, JUIsl BBIYMCIICHWSI OLIEHKHU O, CKAXEM C
TOYHOCTBIO € = (0,002, MOXXHO HCITOJIb30BATh 3HAYEHHUE
nopora byg = 120. OTMeTnM, 4TO, KaK M B CHUCTEME
M/M/1, §; — d;—1 — 0 ¢ POCTOM BEIMYMHBI TIOPO-
ra b;, 4To COIIacyeTcss C OCHOBHBIM T€OPETUYECKUM
pe3yasTaToM (4).

5 3axiiioueHue

B pa60Te IpeaIOKEH METO ITPpAMOI0o OLICHUBaHUA
napaMeTpa aCUMIITOTUYCCKOIo NpEeaACTaBICHUA BEPO-
SITHOCTU OOJIBIIIOTO 3HAYCHUS CTalMOHApHOIo IIpO-

1ieCCa Harpy3kKy M CTallMOHApHOM odepenu Ha OCHO-
BE Pa3BUTOrO paHee aBTOPaMU YCKOPEHHOTO METoAa
pereHepaTUBHOTO pacuierieHusi. Takoil momxox Mo-
KET CIIY>KUTh aJIbTEPHATUBOM 00Jiee CJI0XKHOMY METOLY
OLICHMBAHUS HAa OCHOBE TEOPUU OOJIBIINX YKITOHEHUI
(Mcnob3yIoLEMY TTPeNeIbHYIO0 MTPOU3BOASIIYIO (hYHK-
LIMI0 MOMEHTOB) U MPUHLIMITUAIBHO Oosiee a3 derTu-
BEH, yeM mpsiMoii Meton MonTe-Kapio (¢ Touku 3pe-
HUST HEOOXOAMMOTO BpeMeHU MoxeiaupoBaHust). Kak
OBIJIO YCTAHOBJIEHO paHee, OLEHKM, TIOJyJaeMble TaH-
HBIM METOJIOM JIJISI pET€HEPATUBHBIX CUCTEM, SIBJISTIOTCS
COCTOSITETbHBIMU M aCUMITOTUYECKM HOPMaJIbHBIMU.
[IpuMeHeHre MeToma WJUTIOCTPUPYETCS UYMCIEHHBIM
MozerpoBaHueM cuctem M /M /1 u Pareto/M /1. Tlo-
JIy4YEHHBIE TTPEABAPUTENbHBIE PE3YIbTATHI OLICHUBAHUS
JTAIOT XOPOIIIee COTIaCUe C U3BECTHBIM aHAIUTUYECKUM
pesyasratoM s cucteMmbl M /M /1, omHaKo mipencTa-
BJISIETCSl BeCbMa BaXKHBIM JajbHeliliee 00OCHOBaHUE
MPEIJIOKEHHOTO METO/IA.
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[TONUCK KOH®JIMKTOB B ITOJIMTUKAX BE3OITACHOCTMU:

MOJEJIb CJIVYAMHBIX TPA®OB*
A.A. Tpymo!, H. A. Tpymo?, E. E. Tumonuna?

AHHOTAIMA: AHAIM3 PUCKOB TPEOYET XOTSI ObI TPUOIM3UTETLHOMN OIICHKH BEPOSITHOCTE! MPOOIEMHBIX CUTYaIUi
npu BHenpeHuu nonutuku 6ezonacHocty (I1B). Takue oleHKM MOXHO TIONYYIUTh TIPU aHaIM3e KOH(MIMKTOB
B [1b ¢ moMorpio Mozeneii ciaydaiiHbix rpacdoB. PaccMoTpeHs! aBa nmpumepa KoHduukToB B [1B 1 moctpo-
€HbI MOJIEIN CIyYailiHbIX rpadoB ST UX McciaenoBaHus. Pe3yibraThl aHaaM3a MO3BOJIMIN OLICHUTh BIVSHUE
HEKOTOPBIX MapaMeTPOB CIydallHBIX TpacoB HA BEPOSTHOCTH CYIIECTBOBAHMSI KOH(MIMKTOB U HAa CIOXHOCTH
AJITOPUTMOB TIOMCKA KOHMIMKTOB B PeaTbHBIX TTOJUTUKAX O€30ITaCHOCTH.

KiroueBbie cioBa: nmojuTrika 6€30MacHOCTH; YIrpo3bl I/IH(I)OpMaLII/IOHHOﬁ 6C3OH3CHOCTI/I; MaTeMaTUYCCKUE MOJIC/IN

aHaJIn3a IOJIMTUKU 6C3OH3CHOCTI/I
1 Bsenenue

3amurta KoMnbloTepHbIx cucTeM (KC), kak n3Bect-
HO, cTtpoutcd Ha ocHoBe I1b [1—4]. 3HaunTenbHas
yacTb [1b — 370 nipaBua orpaHMYeHUST JOCTYTA CyOb-
eKkToB K oobekTam [1]. AuckpeuunonHas I1b npenrmno-
JIaraeT, 4To Y KaXXJI0To 00BbEeKTa CyIIeCTBYET COOCTBEH-
HUK, KOTOPBII OMpenessieT mpaBa JOCTylla K CBOEMY
o0bekTy. IIpaBa cyobekTOB S K 00bekTaM O 3amiChl-
BaIOTCS B BUAC MaTPHUIIBI KOHTPOJIST mocTymoB (ACL —
Access Control List) [2, 3]. Marpuma ACL moxer
ObITh TIpeoOpa3oBaHa B XO/€ PabOThl KOMITBIOTEPHOM
cuctemnl [2, 3]. Hampumep, mpenocraBieHUe cO0-
CTBEHHUKOM MpaBa YMTaTh (grant read) mo3BOJSIET CO-
3MaTh KOITMIO, KOTOPOUM MOXKHO PacCITOpsDKaThCs KakK
cobcTBeHHOCTBIO.  OTCioma BO3HMKIIA BO3MOXHOCTH
HeMnpsIMOTO pa3pelieHus |5, 6] wiM HEKOHTPOJIUPY-
€MOT0 pacIpoCTpaHeHUs MpaB AOCTyNa, T.€. MOSIBU-
Jack Opelllb B MH(GOPMALUMOHHON 0€30MacHOCTH, XO-
1a nipaBuiia I1b cobmopmatorcs. O TaKMX CUTYaIASIX
MOXHO ToBOpUTh Kak o KoHdaukrax B I1b. Ilouck
KOHMIMKTOB IIpeITIoIaraeT UCCIeJOBaHNE MHOXECTBA
BCEX MOTEHIIMATbHBIX JOCTYIIOB BO BCEX MHOXECTBaX
cocrosiHuit KC. Heobxonuma uHTerpajibHas KapTu-
Ha JOCTYITHOCTH JIFOOBIX CYOBEKTOB K JIIOOBIM O0BEK-
TaM. Takast KapTWHA B peaJbHOCTHA OYCHB CIIOXKHA,
HO oIpeneieHHOe TIPEICTaBIeHNEe O Hell MOXHO TI0-

JIyYUTh, 3aMEHUB peabHBIC TOCTYITB CTOXaCTUICCKIM
TIPOTIECCOM.

2 KoH}auKThI
HEKOHTPOJUPYEMOTO
pacrpocTpaHeHMs IIpaB JOCTyIla

Ananusy moaeneit nuckpeunonHoi I1b mocssiie-
HO MHOTO pa6oT [7—10]. g Toro 4toOBI IpoaHa-
JIU3UPOBaTh TMPOOJEMbl MOMCKa KOH(MJIUKTOB B JIMC-
kpeuroHHoit I1b, aBTOphl 00paTWINCh K OIHOU U3
caMbIX MepBbIX Mozeneit. B [2] mpuBeneHo omuca-
HHE W3BECTHOM paHee MaTeMaTHMYeCKOUW MOICIM pac-
IIPOCTPaHEHMS TIPaB JOCTYIIa C TIOMOIIBIO OIepaInii
take (t), grant (g) u create B KC, rme Bce 0OBEKTHI
SIBJISIIOTCS CyObeKTaMU. B 3Toil Kiaccuueckoit Monenu
1oj 6€30MacHOCTHIO TOHUMAETCSI HEBO3MOXKHOCTD TSI
MPOM3BOJIBHOTIO (PMKCUPOBAHHOTO CyObeKTa P mony-
YUTh JOCTYII ¢ K TIPOU3BOIHLHOMY (PUKCHPOBAHHOMY
00bekTy X 1myTeM Ipeodpa3oBaHUsI TEKYILE MaTPULIbI
JIOCTyMa A HEKOTOPOU MOCIeI0BaTEIbHOCThIO KOMaH]T
B Marpuiy A’, rie yKazaHHBII JOCTYIT paspelueH. Eciaun
B MaTpuIie JO0cTyna A OCTaBUTh TOJIBKO KOMaH/IBI TIpe-
o0pa3oBaHuA (HampuMmep, ¢ U/Win g), TO TTOJTyIeHHOU
Matpurle G MOXHO TTOCTaBUTh B COOTBETCTBHE OPUECH-

*Pabota BbIMoJIHeHa Mpu Toaaepxkke Poccuiickoro donma dpyHmameHTanbHbIX uccienoBanuit, mpoekt 10-01-00480. Cratbst HamucaHa
Ha OCHOBE MaTepuajioB J0OKjaana, mpeacraBieHHoro Ha IV MexnyHaponHoMm cemuHape «[IpukiagHble 3agaull TEOpUU BEPOSITHOCTEN U
MaTeMaTU4eCKOW CTaTUCTUKM, CBSI3aHHBIC C MOIEIMpOBaHUEM WHGOPMALMOHHBIX CUCTeM» (3UMHsST ceccust, Aocta, Mrtanusi, sHBapb—

despanb 2010 ).

"Poccuiickuii rocymapcTBEHHbIl T'YMAaHUTApHBINA yHUBEpCUTET, MHCTUTYT MHQOPMALMOHHBIX HAyK M TEXHOJIOTMil 0e30MacHOCTI;
MoCKOBCKMIT TOCynapcTBeHHBIN yHUBepcuTeT uM. M. B. JlomoHocoBa, (akynbreT BBIYMCIUTENBHON MaTeMaTUKM U KUOCPHETUKH,

grusho@yandex.ru

2PoccHificKIil TOCYTapCTBEHHEI TYMAHMTApHBIA YHUBepcHTeT, MHCTHTYT MH(OPMALIMOHHEIX HAyK M TEXHOJOTHIl 6Ge30MacHOCTH,

grusho@yandex.ru

3Poccuitckuii TOCYIapcCTBEHHBI TYMAHUTAPHBIN YHUBepcUTeT, MHCTUTYT MHGMOPMALMOHHBIX HAyK ¥ TEXHONOTMii 0e30MacHOCTH,
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TUPOBaHHBIN rpad, Tae MaTpuila CMEXHOCTH MoIyda-
ercd u3 (G 3aMeHOl TOMYCTUMBIX KOMaHI Ha |, mpuyem
9T KOMaHAbl MOXHO pacCMaTpuBaTh KakK METKU Ha
nyrax rpaga.

B mpenmonoxxeHUsIX 3TOi MO T0Ka3aHbl He00-
XOAUMBIE U NOCTaTOYHbIE YCIOBUS, KOTJa CyOBEeKT ¥,
He MMesl MpaB JOCTyMa « K CYOBEKTY T, MOXET UX
MOJYYUTh, MCTIONB3Ys MpaBwia + u g HesakoHHoe
MMOJTy9eHWE IIpaB OOCTyIla CYOBEKTOB K OOBEKTAM B
KC — namboJjiee M3BECTHBIN KOHMIUKT B TUCKPELIN-
oHHoii I1b.

B paGote [11] mis mpobaeMbl moucka KOH(MJIUKTOB
MpU pacrpocTpaHEHUHU TTpaB JOCTYyIA K (paitiam 1 ore-
pallMOHHON CHCTeMe T0Ka3aHBbl Hepa3pelIMMOCTh U B
onpeneaeHHbIX ycaoBusix — NP-mogHoTta. B HacTosi-
Imee BpeMsI 3Ta MpobiieMa aKTyajbHa B pacIIpeie/ieH-
HeIx KC [6, 10].

B 6osee ob1emM ciyyae cienyeT paccMaTpuBaTh Ha-
OOpbl MHOXECTB CyObeKTOB Aj,..., Ay u By,..., B,
Taknx, 49ro HekoTopas (0,1) Marpuma D pa3mepa
k X 7 ompemeisieT 3alpeThl Ha TOCTYITBI CYOBEKTOB
U3 MHOXeCTB Aq, ..., Ar K cyObeKTaM U3 MHOXECTB
By,...,B,. B nepBoHauanbHoii MmaTpuiie ACL Takux
JIOCTYIOB HET, HO 3TO HE 3HAYUT, UTO HE MOXET BO3-
HUKHYTHh KOHGIMKTOB B X01¢e padoTel KC. ITockombKy
Ha0Ophl TAKMX KJIACCOB CYOBEKTOB MOTYT OBITH ITPO-
W3BOJBHBIMH, TO BO3HUKAET 3a7ava O KJIacCU(bUKAIIUN
BCEX CYOBEKTOB IO JOCTYIMTHOCTU APYT K Apyry. Hampu-
Mep, KaK YCTPOEHO MHOXKECTBO CYObEKTOB, JOCTYITHBIX
IIJIST TFOOBIX APYTUX, TIPU KAKUX YCITOBUSIX TAKOE MHOKE -
CTBO MOXET CYIIECTBOBAaTh M KaKOBa €r0 MOIIHOCTH?
Kak ycTpoeHBI MHOXECTBAa CYOBEKTOB, M3 KOTOPBIX,
HCIIOJIb3Ys1 JOMYCTUMBIE MpaBUiIa, MOXHO TOCTUTHYTh
3alaHHOTO cyobekTa? B aTHX 001IMX 3a1aUax He Bceraa
HyXXHa KOHKpPETHKa, TOJbKO OOIIME COOOpaXeHUsl o
TOM, 9eTO MOKHO OXMIATh B CAMBIX OOIIMX ITPEATIONO-
JKEHUSX.

[MpencraBasgior MHTEpeC pa3JIUuYHbIe TTPUOIUKEH-
HbIe pelleHUs 3aJauyu MmorckKa KOH(IMKTOB MpU pac-
MPOCTPaHEHUU TTPaB JOCTYIIOB B YCIOBUSIX, KOT/Ia YMC-
JIO CYyOBEKTOB BEJIMKO M BO3MOXKHBI aCUMITTOTUUYECKIIEC
OLIEHKU.

B manHOM pasmeirle paccMaTpuBaeTCsl MOIETb CITy-
YailHOTO pacrnpenefeHusl TMpaB W3MEHEHUs MaTpull
ACL. 3amaua noucka KOH(MIMKTOB B 3TOM Cllyyae CBO-
IUTCS K TIOUCKY MYTeil B caydyailHOM rpade, KOTOpPhIi
oIpenesIeTCs MCXOIS M3 JOTYIIICHH I 0 HETIPSIMOM pa3-
pelreHn JoCcTynoB. MIHOTIa TaKo ITOIX0 TT03BOJISIET
OLIEHUTb TPYAOEMKOCTh MOMCKA KOH(IUKTOB MPU UC-
MOJIb30BaHUHU Pa3IMUYHbBIX AITOPUTMOB U YKa3aTh YCJI0-
BUS 9 (HEKTUBHOCTU TaKOTO MTOMCKA.

[TycTh BpeMsI IUCKPETHO M B KaXKAbIiI MOMEHT 3a-
maHa matpuiia ACL. PaccMoTpuM Tpu crocoba pac-
MpPOCTpaHEeHUs MpaB IOCTynoB. [Ipeanosoxum, 4to
HEKOTOpble CYOBEKTHI MOTYT OpaTh y APYTUX UX Tpa-

Ba. OctaBum B MaTpuiie ACL ToJIbKO CYOBbEKTHI U U3
BCeX MpaB OCTaBUM TOJIBKO . 3aMeHUM f Ha |, mojy-
YUM MaTPUILy CMEXHOCTU OPUEHTHPOBAHHOTO Tpada.
Takmm 00pa3oM MOITYYMIIN TIOCIEAOBATEIBHOCTE /-Tpa-
(GoB. AHAJIOTMYHO CTPOUTCSI OPUEHTHUPOBAHHBIN Tpad,
€C/IM OMYCTUTh CYILIECTBOBAHUE TOJBKO IpaBwia g,
T. €. BO3MOXHOCTb JIIOOOT0 CyObeKTa IMepeaaBaTbh CBOU
npaBa. Ecau ucnons3oBath 006a mpasBuia (7, g), To,
KakK ToKa3aHo paHee (cM., Hampumep, [2]), pacripo-
CTpaHEeHUeE TIpaB CBSI3aHO C CYIIIECTBOBAHUEM HEOPU-
SHTUPOBAHHBIX ITyTeH B rpade, IoIydaeMoOM 3aMEHOM ¢
wiu g Ha 1 B MaTpuiie ACL 1 BbIOpachIiBaHUEM OCTaJIb-
HBIX TpaB. HeoO0xomumo 3aMeTUTh, YTO IMOAOOHbBIE
rpachoBBIC MOIEIN CTPOSATCS [UIST OPYTUX 3amad KOM-
IMBIOTEPHOI Oe30macHOCTH. HampuMep, mpu aHanm3e
CKPBITBIX KaHAJIOB WJIM TIPU aHAJIN3¢ MMOTCHIIMATBHBIX
JIEPEeBbEB aTak.

PaccmoTtpuM rpadel ¢ N BepliMHaMu U Mpoodie-
MY pacipoCTpaHEeHUs MpaB JOCTYIIOB C MOMOIIIbIO KO-
MaHJHI fake. ]I ynobcTBa pacyeToB OylIeM CUUTATh,
YTO YMCIO MCXOMSIIMX AYr BEPUIMHBI x PaBHO d(x).
PaccMoTpuM 3amady npu mpocTeifiieM orpaHuYeHUn
d(z) = m > 2. DTO 3HaYMT, YTO Kaxjasi BEepIIU-
Ha MOXET B34Th MpaBa B TOYHOCTU y m APYTUX Bep-
muH. [TomydyeHne x 3aIpeleHHBIX IIPaB Y HEKOTOPOU
BEPIIMHEI  03HAYACT CYIIECTBOBAHNE OPMEHTUPOBAH-
HOTO TIyTH W3 = B y. IlpeamomoxuM, 9To Kaxkmas
Jyra TIoTajgaeT B JIIoOYI0 BEPILIMHY C BEPOSITHOCTHIO
1/N He3aBUCHMO OT Opyrux Ayr (METIW IOITyCKa-
FOTCSI MCKITFOUMTENTBHO T yI0OCTBa MCIIOJb30BAHMS
W3BECTHBIX pe3yJIbTaTOB). TaKM 00pa30M OIIpeaeIeH-
HBIC CITyJaifHbIe OPUEHTUPOBAaHHBIC Tpadbl aHATN3H-
poBanuch B pabote [12]. OkasbiBaeTcsl, YTO TaKoOi
CIyJaliHbIii OpUEeHTUPOBaHHBIN rpad mpu N — oo,
m = const > 2 C BEPOSITHOCTbIO, cTpeMsiielics K 1,
UMeeT CAWHCTBCHHYIO KOMIIOHEHTY CUJIBHOM CBSI3-
HocTtH pasmepa (6p/m)N + o(N), toe 6y — MonoXM-
TeJIbHBI KOPEHb YpaBHEHUS

1—ﬁ—e*9=0, b 1
m m 2

JIrobast BepmnHa oprpada MMeeT OpUEeHTUPOBAH-
HBII MYTh B 3Ty KOMIIOHEHTY, IJIMHA KOTOPOTO MEHb-
mwe fy, rme fy — TPOU3BOJIbHAS TMOJOXUTEIbHAs

N—o0
dyukuus, fy — oo. OTcroma MOXHO cleaTh cie-
MIYIOIINE BBIBOMBI.

1. Ecnu BepummHa, y KOTOpOil HEOOXOAMMO B3SITh
HYXXHBIC TIpaBa, HAXOAUTCS B KOMITOHCHTE CHJIb-
HOI CBSI3HOCTH, TO 17151 TI0OOi1 BEpLLIMHBI 9TO OyIeT
BO3MOXKHO C BEPOSITHOCTBIO, CTpeMsiLeiics K 1.

2. Hekoropble BEepLIMHBI MOTYT OBITh HEIOCTYITHBI
cpasy IUist Beex Ipyrux. YMCIo Takux BepLIMH
C BEPOSITHOCTBIO, CTpeMsiiielics K 1, uMeer mopsi-
10K (1—(6p/m))N + o(NN). MoxxHO TTOKa3aTb, 4TO
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MaKCUMaJIbHasl IJIMHA MOIX0Aa K 3TUM BepIInHaM
UMeeT MOPSIIoK He Oosiee ueM coIn N, tae co > 1.
Orcrona cleayeT, YTo aarOpUTM MPOBEPKU 3allly-
IIEHHOCTW 00BbEKTA JOJIKEH BBIUUCISATH CYOBEKTHI,
crnocoOHbIe JOCTUYb JaHHBIN, 3a kcg In N 111aros ¢
BEpPOSITHOCThBIO, cTpeMsieiica K 1. Torma MoxHO
MPUHSITh COCTOSITENIbHOE (T. €. BEPOSITHOCTh OO~
K1 ctpemutcs K () pelieHre O HETOCTYITHOCTH
00BbeKTa N3 HEKOTOPOTO MHOKECTBA OITACHBIX C BE-
pOSITHOCTBIO, cTpeMsmeiica K 1. Takoit moaxon
MpEeICTaBIsIeT YIPOIIEHNEe PEUIeHUS C UCIIOIb30-
BaHUEM BEpPOSITHOCTHBIX XapaKTepUCTHK, T.€. OH
MpeajaraeT yrnpolleHue ajiropuTMa MoucKa BCeX
BEPIIVH, MMEIOIINX OPHEHTUPOBAHHBLI MYyTh B
JaHHYIO0 BEPIIMHY (C BEPOSITHOCTHIO, CTPEMSIIIIEii-
cg K 1). Ecny aT0 MHOXECTBO CTpoMTCs 3a Oosiee
geM (1 — 0y /m)N 11aros, To OHO (C BEpOSITHOCTHIO,
cTpewmsiieiics K 1) coBragaeT ¢ MHOXECTBOM BCEX
00bekTOB. TakM 00pa3oM, CIOKHOCTb aAropuTMa
MMOVCKa KOHMIMKTA CYIIECTBEHHO MEHBIIIE CIIOX-
HOCTU TOTAJIbHOTO aJITOPUTMa ITOCTPOEHUS BCEX
IyTeil B JaHHYIO BEPIINHY.

st g-tpaha 1 m > 2 pe3ynabTaThl, OTHOCSIITNECS
K CTPYKType cilydaiiHoro rpada, WHTEPIpPETUPYIOTCS
aHAJIOTMYHO. BepirHa MOXeT OBITh JOCTYITHOM ISt
BCEX IPYTUX (€CIu ee BBIOOP ClTy4aeH, TO BEPOSITHOCTh
3TOr0 COOBITUS 0p/m). Wiu Xe oHa HOCTYITHA IUIST
He Gosiee ueM (1 — 6p/m)N BeplliuH ¢ BEPOSITHOCTBIO
(1 — 0g/m). Tlpuuem 9Ta HOCTYMHOCTb (JUIMHA MYTH)
HE TIPEBOCXONT ¢V 111aroB.

Kaptuna pe3ko mensietcst ipu m = 1. B aToii cuty-
alvy CITy9aitHbIi Tpad t-10CTyIa WK g-a0CTyTIa Mpe-
CTaBJIsIET cOOOM clydaitHoe OTOOpakeHre MHOXeCTBa
BCeX CyOBeKTOB B cebsi. CTPYyKTypy TaKUX CAyYalHbIX
rpacdoB uccinenonan B. E. Crenmanos [13]. B Takux rpa-
ax nopsiaka (1/2) Inn KOMITOHEHT, B KaX/I0ii U3 KO-
TOPBIX POBHO OIMH OPUEHTUPOBAHHBIN MK (KOMITO-
HEHTA CWJIbHOW CBSI3HOCTU) M M3 BCEX OPYTUX BEPIINH
KOMIIOHEHTHI CBSI3HOCTH CYIIECTBYIOT OPUEHTUPOBAH-
Hble TTYTH, MAaKCUMaJIbHasl JJTMHA KOTOPBIX UMEET M0~
PSIIOK +/72, B TOUKHM IIMKJIA DTOM KOMITOHEHTHI. Pasmep
MaKCHUMaJTbHBIX KOMITOHEHT UMEET MOPSIAOK €n, € < 1,
a pazMep MUHUMAJbHBIX — KOHCTaHTa. Bcero umcio
TOYEK, MPUHAUTEKAIINX [IMKJIAM, UMEET ITOPSIIOK /7.

B unrtepnperaunu noucka KOHGOIMKTOB B - WU g-
rpacdax rnoyydaercs ciaeayoliast KaptuHa. Eciam cyob-
€KTBI, TBITAIONINAECS TONIYYUTh MOCTYI, U CYOBEKTHI,
Yy KOTOPBIX JTOCTYIT MEPBBIX 3alpelleH, HaXOASITCS B
Ppa3HbBIX KOMIIOHEHTaX CBSI3HOCTH, TO KoHGuuKTa [1b
HeT B ¢, g wiu (¢, g) nocTynax. B omHO# KOMIIOHEHTe
IUIST BCEX CYOBEKTOB MOCTYITHBI CYOBEKTBI, COOTBET-
CTBYIOIIIE ITUKJINYECKUM TOoukaMm. YWCIIo muKinde-
CKHMX TOYEK B JTI000If KOMITOHEHTE OTPAHUYEHO BEJIH-
YMHOI MmopsiaKa /n. IJis MaKCUMaIbHBIX KOMITOHEHT

9TO MPEeHEeOPEKUMO MEHbIIIe YMCIa BCEX TOUEK B KOM-
MOHEHTEe. 3HAUMT, YIPOLICHHOTO aJlfOpuTMa TMOMCKa
3ampeTa Ha JOCTYN B TaHHOM cilydyae HeT. Bmecte ¢
TE€M BEpOSITHOCTb, YTO OJIHA CJIy4aifHO BbIOpaHHAs TOU-
Ka OymeT JOCTyImHa M3 APYroi ciaydyaitHO BBIOpaHHOM
TOYKHU, CTPEeMUTCS K 0.

PaccMmoTpuM ciyyaii, korma mepemaya MnpaB BO3-
MOXHa, HO MajioBeposiTHa. [locTpouM cienyolryo
BEPOSITHOCTHYIO MOJIEJIb CJIydaifHOTO rpada, onrcbiBa-
IOIIETro ATOT ciyyaid. I Bcex BEpIIMH & UCXOMASIINE
crernieHu d(2) ONPEENSIIOTCS CIEAYIOIIUM BEPOSITHOCT-
HBIM 3aKOHOM

Bce BepIMHBI MOXHO CUMTATh YIOPSITOYEHHBIMMU.
Torna BepositHOCTD yrut (xy) paBHa (1 — p)(1/N — 1)
HE3aBUCHUMO OT TMOSIBIEHUSI OCTaJbHBIX IYyI, a IJis
moboro k BEepOSITHOCTb CYIIECTBOBAHUSI (PUKCUPO-
BaHHOW OPMEHTMPOBAHHOW LIETTOYKM JJIMHBI k paBHA
((1—p)/(N — 1)L,

IIpuMeHsis HepaBeHCTBO MapkoBa, TMojyyaem
OLIEHKY BEpOSITHOCTM CYILECTBOBaHUS B rpade XOTs
OBI OMHOIT OPUEHTUPOBAHHOM IIETIOYKH IJTUHBI £

N(N = 1)+ (N = k+1)((1 - p)/(N = 1))"".

Mpu 1 — p = o(1/N) BepoSITHOCTH MOSIBIIEHUS JIIOOOM
LEMOYKH IUTMHBL & > 2 ctpeMurcs K 0, T. €. ¢ BeposT-
HOCTBIO, CTpeMsILIeics K |, pacripocTpaHeH s TpaB He
Oymer.

3 KoH}aukTsel HeadpHEeKTUBHOCTHU
ayauTa

PaccMoTpuM elite omuH Kitacc KOH(MJIUKTOB B TO-
JMTHKax 0e3omacHoctr. HaumHast ¢ kimacca Co cTaH-
napta TCSEC (Trusted Computer System Evaluation
Criteria) [1], B I1b TpebdyeTcs oTcnexkuBaHue AeACTBUIA
nosb3oBateneid B KC. 1o pe3yiasrataM OTCIeXUBaHUS
onpeaensitorcst HapyueHus [1b. HecmoTpst Ha oueBua-
HOCTB MPOIEIYPHI OTCIACKUBAHNUS, OBICTPO BBISICHSICT-
csI ee HeaJIeKBAaTHOCTh B HEKOTOPBIX CUTYAIIMSIX.

IMpusenem cienyomuii mpumep. IlycTh 1Ba MoJib-
3oBatessd Uy u Uy UMEIOT JierajJbHbIM JOCTYIT K KOH-
duneHmMaTEHOMY comepxXaHur oobekTa O. Ipearmo-
JIOXKUM, 9TO HEKTO OITyOIMKOBaI KOH(PUACHIINATILHOE
comepxxaHne oobekTra O. [1o MaHHBIM OTCIIEXKUBAHUS
K OOBEKTY JieralbHO MMEIOT AOCTYIl 00a Tojb30oBaTe-
a5 Uy u Us. OnHaKO JOCTOBEPHOTO BBISIBJICHUSI BAUHOB-
HOTO 3TU JaHHble He obecrieunBaioT. Bo3MOXHOCTb
OIHO3HAYHO OIPEICIUTh HAPYIIUTEIST 0€30MacHOCTH
OCHOBaHa Ha IPEIITOJI0XKEHNH, UTO TOJIBKO OIUH (CITy-
YyaiiHbIi1) TOJb30BaTe]b U3 JABYX JIeTaJbHBIX PealbHO
umen goctyn K O.
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O06001IMM 3TOT TPUMEP Y MOCTPOUM TSI HETO MO-
Jenb chaydaiHbix TrpacgoB. IlycTb S — MHOXECTBO
cyobekToB, |S| = M, O — MHOXECTBO OOBEKTOB,
|O| = N, nyra ot cydbekra S K 00bekTy O O3HayaeT
JTOCTYII 3aJaHHOTO BHUIa, BHECEHHBIN B XXypHAaJI OTCIIe-
KUBaHUS JeMCTBUIA Tloab3oBaTesei. PacrnipeneneHue
Ha ayrax ciydaitHoro rpada cienyrwoiiee. Kaxabiit
CyOBEeKT MOXKET He 00pallaThCsl K 00beKTaM ¢ BEPOSIT-
HOCTBIO p U MOXET oOpallaTbcs K JI000MY OOBEKTY C
BeposATHOCTHIO (1 — p) /N He3aBUCUMO OT ApYruX o0pa-
meHui (ayr). O4eBUIHO, YTO KOH(DIMKTHAS CUTYaIIHSI,
COCTOSIIIasi B OTCYTCTBUM OJHO3HAYHO OIpeAeSIeHHOM
OTBETCTBEHHOCTH TSI JAHHOTO O0BEKTa, HACTYIaeT C

BEPOATHOCTBIO
2
1
P=((1-p =) .
(( p) N)

Orcromna ciremyert, 9To Ipu N — 00 C BEpOSITHOCTHIO,
cTpemsineiics K 1, B cucreMe He BO3HMKAeT KOH(INK-
ToB ¢ I1b nig gaHHBIX ABYX CYOBEKTOB OTHOCUTEIBHO
nob6oro oobekTa. KoHbaMKTa He caenyeT 0XXunath 1ist
J1100011 apbl CyObEKTOB, €C/IU

2

Q:%(y)—m, N —o00, M — .
DTa BeIMYMHA SIBJISIETCS] OLICHKON BEPOSITHOCTH KOH-
dukTa.

Orciofa J1eTKO MOCTPOUTH YIPOIIEHHbIN KpUTe-
puii MPOBEPKU BO3MOXHOCTU TOSBIEHUSI KOH(MIUKTA
B IAHHBIX aynWTa B TeueHUe BpeMeHu 1. Ecmu cym-
MapHOE YMCJIO CyObEKTOB, HE OOpaTUBIIMXCSI K 00b-
ekTaM 3a Bpemst T', paBHO v, TO oueHka p = v/M.
Torma mpu Manbix () BOBHUKHOBEHUE KOH(MJIUKTA OT-
BETCTBEHHOCTHU MaJIOBEpOSITHO. B mpoTuBHOM ciyyae
HEOOXOIMMO HAaXOIUTh JOTIOJIHUTEIbHBIE MEXaHNU3MBI
o0ecTieYeHUST OTBETCTBEHHOCTH.

4 3akiIiouyeHue

Hexoropsie 3agaun ananu3za [1b gBnsitoTcst oueHb
TPYAIOEMKUMH. B CBSI3M ¢ 3TWM Ha IIpaKTUKE TaKue
3a7a4u MPOCTO He paccMmaTpuBaloTcsi. Bmecrte ¢ Tem,
aHaiu3 PUCKOB TpeOyeT XOTs Obl MPUOIM3UTEIbHO
OLICHKN BEpOSITHOCTEH IPOOJEMHBIX CUTYALIUil TIpH
BHeapeHuu I1b. Takue olieHKM MOXHO TTOJyYUTh TIpU
aHanu3e KoH(auKToB B [1b ¢ moMotibio Moaeneit ciy-
yaiiHbIX rpacdoB. boiee Toro, ¢ momoiibo Moaenei
clTydaiiHbIX TpadoB yaaeTcs ONnpeaeuTh 3HaUeHUST Ha-
OJTI0JaeMBIX TTapaMETPOB, TIPU KOTOPBIX BEPOSITHOCTHU
TTOSIBJICHMST KOH(DJIMKTOB MaJIbl WJIA TPYIOEMKOCTB 00-
HapyKeHUs KOH(MINKTOB SIBJISICTCS MaJICHbKO. B 2T0i

paboTe paccCMOTPEHbI IBa MpuMepa KoHGbIMKTOB B [1b
U TOCTPOESHBI MOJEIU CIy4alHbIX rpadoB ISl UX UC-
cnenoBaHus. Pe3ynbraThl aHaIM3a MO3BOIUIN OLIEHUTh
BIMSTHE HEKOTOPBIX TTapaMeTPOB CIIydaitHbIX TpacoB
Ha BEPOSITHOCTH CYIIECTBOBAHUSI KOH(JIMKTOB M Ha
CJIOKHOCTh aJITOPUTMOB MOMCKA KOH(MJIUKTOB B peajib-
Hbix [1b.
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3AKOHBI ITOBTOPHOTI'O JIOTAPUDPMA JJIA YNUCTIA
BE30IIMBOYHbIX BJIOKOB ITPY TIOMEXOYCTOMYMBOM

KOJIUPOBAHUUA
A. H. Yynpynos', 1. ®@aszexan?

Annoramusa: PaccMaTtpuBaroTcst coobiieHus, coctosiiue u3 6;10koB. Kaxkmprii 610K KonupyeTcst TOMeX0yCTOi-
YUBBIM KOJIOM, KOTOPBIII MOXET UCITPaBUTh He 6ostee r ommOoK. [Ipu 3TOM MpemoaraeTcsi, YTo YMCI0 OMMO0K
B 0JIOKe — HeOTpHULIATebHAS 1eJIOUMCIIeHHAs CIydaiiHast BeMUIMHA. DTH CIIy9aifHble BEJTMIMHBI HE3aBUCUMBI
Y OIMHAKOBO pacrtipenesneHbl. Kpome Toro, mpearnonaraercs, 4To YMCIO OMIMOOK B COOOIIEHUH TTPUHAIIEXKUT
HEKOTOPOMY KOHEYHOMY ITOIMHOXECTBY MHOXKECTBa HEOTPUIIATEIbHBIX Yuces. [lojydeHbl aHaJIOrW 3aKoHa
TIOBTOPHOTO JIoTaprMa TS CITyIaifHO BETMYUHBI — Yrciia 6e301NO0YHBIX OJTOKOB B COOOIIEHUN.

KimoueBblie cioBa: 00001IEHHAas cxema pasMEIICHYs; YCIIOBHAA BEPOATHOCTD, YCJIOBHOC MAaTEMAaTUYE€CKOC OXKM-
JAaHUEC; SKCITOHCHIIMAJIbHOC HEPABCHCTBO, 3aKOH ITOBTOPHOT'O J'[OI‘apI/I(I)Ma; koa bUX

1 BBeneHwue v OCHOBHBIE
pe3yabTaThl

Bynem paccmaTpuwBaTh KOm, KOTOPBIN ITO3BOJSIECT
HUCIIpaBUTh He Oosiee r OIMOOK THMa 3aMelleHUs.
YacTHbIM cyyaeM TaKoro Koja saBjsieTcs: Koa boy3za—
Yoyaxypu—XokBuHrxema (bBYX) (cMm. o komax BYX,
Harnpumep, B[1]). Pabora rnocssiieHa u3ydyeHU0 aCUM-
MITOTUYECKOTO OBEICHUS CITyJalfHON BETWINHBI Sy —
yucaa 0e301MO0YHBIX OJJOKOB B COOOIIEHUU, COCTO-
sieM 13 N OJIOKOB, MpUYeM KaxKIblil 070K ToaBep-
raeTcsl TOMeXOyCTOMYMBOMY KOAWPOBAHMIO, a YUCIIO
OIIMOOK B COOOIIEHUHY TTPUHAIJICKUT HEKOTOPOMY KO-
HEYHOMY MHOXeCTBY. bBymewm TipeamonaraTh, 94TO BCe
paccMaTpuBaeMbIe CITyJaifHbIC BEIMIMHBI OTIPEIEICHBI
Ha BEpPOSITHOCTHOM TpocTpaHcTie (2,2, P).

PaccMmoTtpuM coobiiieHue, cocrosiiee u3 N 070-
koB. IlycTb ciayvaiiHas BeauuuHa & ; — YHUCIO OLUU-
060k B j-Mm Onoke. byneMm mpeanonmarate, 4to {nj,
1 < j < N, — He3aBHUCHMBIC HEOTPUIIATSIHHBIC IIEJI0-
YUCJAEHHBbIE CIyJyaliHble BeJWUYMHBI paclpenesieHHbIe
Tak Xe, Kak ciayyaiiHas BeauuuHa ¢&. Kpome Ttoro,
OyIeM CUMTATb, YTO YUCJIO OILIIMOOK B COOOILIEHUN TP~
HaIJICXKUT HEKOTOPOMY KOHETHOMY TTOIMHOXeCTBY M
MHOXeCTBa HEOTPHUIIATEebHBIX IENBIX Yrcel. Torma
YUCA0 0e30LIMOO0UYHBIX OJJOKOB B COOOILIEHUN — CIIy-
yaifHas BeJIMYMHA

N
Sun = g Iyni,
i=1
rae Insni — WHOMKATOpP COOBITUSI Ajpsni, COCTOSILIE-

ro B TOM, 4TO i-il OJIOK COOOIeHUs UMeeT He Oojee
7 OIIMOOK. 3aMETUM, YTO COOBITHE

Apni ={Eni < || Evi+Eva + .-
ot ENNEMP={{ni<r || A},

TIe coObIThE
A=Auny ={{n1 +éna+--+Enn EM } =
= Ukem Ay ,
a COOBITHS
Ap = Akny = {En1 +én2+ -+ &N =k} .
ByzneM nperonarath, 4To pacrpeie/ieHue Crydaii-

HOI BeTMYMHBI £ 3aBUCUT OT mapameTpa 6. IlycTs cy-
IIECTBYET IMOCIIEAOBATEIbHOCTh HEOTPUIIATETHHBIX UM -

cen bg, b1, ... Takas, 4TO paanyc CXOAUMOCTU R psina
o0 k
b0
B(9) = e
k=0
nosoxuteneH.  Torga ciaydaiiHasi BeqWuMHa & =

= £(0), 0 < 8 < R pacripenesieHa 10 CJIEAYIOIIEMY
3aKOHY:

b 0"
pk=pk(9)=P{§=k}=m, k=0,1,2,...

Bynewm mpenrosaratb, 4ToO BBITIOJHSIETCS yCaoBUEe Aq,
T.e. by > 0,01 > 0.

Ecnn MHOXecTBO M COCTOUT M3 OAHOTO 3JeMEHTa,
TO COOBITUST AN ABISIOTCS COOBITUSIMU OOOOIIEH-
HOI CXeMBI pa3MelIeHUs U X BEPOSITHOCTU He 3aBUCST

'Hayano-nccienoBaTeTbcKiil MHCTUTYT MaTeMaTUKN 1 MexaHuky uM. H. T. YeGoTtapesa, achuprunov@mail.ru

2 [leGpeLieHCKMI yHIBepeuTeT, fazekas.istvan@inf.unideb.hu
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3aKOHBI IIOBTOPHOTO J'[OI‘apI/I(I)Ma JUU1s1 yrciia 6e301100YHbIX 0JIOKOB npu HOMeXOYCTOfI‘-IPIBOM KOIWPOBAaHUM

oT . O600IIeHHAas cxeMa pa3MellleHus Oblla BBeIeHa
B. ®. KomunubeM B [2] (cM. Takke MOHOTpaduio [3]).

YenoBue A; u ciydaiiHble BenwmuuHbl  £(0) ObI-
i BBeleHbI B [4]. B [4—6] mosydeHbl mpeaeabHble
TEOPEMBI [UISI CYMM HE3aBUCUMBIX CIYYaillHBIX BEJIH-
ynH {y;(0). B yacTHoCTH, B [4] MOKa3aHO, YTO Mare-
MaTHUIeCcKoe OXUIaHNe

n IUCIIEpCUAd

0°B"(0) 0B'(6) 6*(B'(9)°

o2 = 02(9) = D2§ = B(#) B(0) (B(e))2

[Moatomy nucnepcust
a2(0) = om/(0). (1)

Mycts 0 < 0 < 0" < R. Ecnu 0(0) = 0 s He-
Kotoporo 6 € [0, 0], To cnyvaiiHast BemmunHa &(6) —
KoHctaHTa. Ho Tak kak by > 0, by > 0, cayvaitHas
BenunHa £(f) KoHcTaHTOW He sBisietcs. [loatomy
o2(0), 0 € [0',0"] — nonoxuTeabHas HENpPEPbIBHAS
dyukuus. CnenoBaTesbHO,

0<Ciy= inf

200\ < 200 —
96[9/70”]0 (9) sup o°(0)

RN
— Oy <o0. (2)

Yenosust (1) u (2) BIeKyT

0< 9

C!
T gl (O < sup w(6) = 7 < o0

/
oc [0/)9//] 9

Takum obpazom, m(d), 0 € [¢',0"], — nonoxu-
TejbHAsI HEIIPephIBHASI CTPOro Bo3pacTaroliast (pyHK-
. O603HauMM 4yepe3 m ™~ ee 06paTHYIO GYHKIMIO,
m(R) = limg_p_om(0). Bymem obo3HayaTh yepe3s
&1(0),...,&n(0) He3aBUCHMBIE KOTTUM CITY4YaiiHOI Be-
muuuHbl § = £(6).

O6Gosnaunm ny;, = sup{n : n € M}, auyn =
= ny,;/N. Bynem mpeanonaratb, 4to apny < m(R).
Hycts Opry = m™ ! (apsn). Torma ciyyaiiHast Beq4u-

N
Ha T = (1/VN) S I{¢yi(0xnr)<r} MMEET IUCIEPCHIO
i=1

oy = p<r(@mn)(1 = p<r(Omn)), Tie p<r(Onrn) =
> pi(0rrn). Bynem ncnonb30BaTh CIIEAYIONIYIO OLIeH-

k=0
Ky JUIS AUCTIepCUu ciyvaitHoi BenmyuHbl 1. TlycTh

0 <O0yn <0". Torma

dob@)" Y (@)
oiin = ’“23)9(9,,) k:’“g(e,,) —05>0. (3)

OCHOBHBIMM Pe3yJITaTaAMU CTaThU SIBIISTIOTCS CJIe-
JYIOIIYE aHAJIOTH 3aKOHA TTOBTOPHOTO Jlorapudma st
yucyia 6e301MO0YHbIX 0JI0KOB — CAyYaliHOU BeIn4u-
HBbI SMN(@]WN).

Teopema 1. ITycms 0 < o/ < " < m(R). Iycms
My — makas nocredosamenbHOCMb KOHEUHbIX NOO-
MHOMNCECME MHOMNCECMEA HEOMPULAMEAbHBIX YUCEN, YO
o < apyN < o, O6oznauum SNy = SMNN(GMNN);

2 _ 2
oN = Oy n- 10204

lim sup 1Sy —ESn| <2v6 (4)
N—o00 NIH(N)O'N

noumu HaeepHoe.

Teopema 2. Ilyems 0 < o < o’ < m(R).
Ilycmv M,, — nocaedosamenbHOCMb KOHEUHbIX NOOMHO-
Jcecme MHodcecmea HeompuyamenvHolx vucen. Q003Ha-

_ 2 _ 2
wum Spn = Sn, N (On,N), 0o = o, n- Toeda

Py Z Bl < pvi5 (s)

lim sup
NIn(N)o,n

N,n—oo,a/ <anpn<a’

noymu HaeepHoe.

2 JlemMBbl

Ilycts A € A — Takoe GUKCUPOBAaHHOE COOBITHE,
yro P(A) > 0. HamomHuM, 4TO yCJIOBHasl BepOSIT-
Hocth P4 onpenensercst hopmymnoit

(BNA)

PA(B) = PP(A) , BEA.

Bynem o603Hauath yepe3 E4 matemaTnueckoe oxuna-
HYE OTHOCHUTEIBHO BepOsITHOCTH P4

Jlerko BUIETh, UTO [UIs1 JIIOOOM CTydyailHON BEeTUYu-
HbI S 1 1151 1106oro p > 0 crpaBeaIMBO HEPaBEHCTBO
E4[S|P < (1/P(A))E|S|P. Crenyrouas jJeMMa Mo-
Ka3bIBaeT, YTO aHAJIOTMIHOE HEPABEHCTBO BEPHO IS
IEHTPUPOBAHHBIX A0COTIOTHBIX MOMEHTOB CITyJaitHOM
BEJIMYMHEI S.

Jlemma 2.1. ITycmv 1 < p < oo. Toeda

E|S — ES|?

E4|S — EASPP <2
e

(6)

JlemMma 2.1 noka3zana B [7].

bynem o6Go3HauaTh yepes 7;, ¢ € N, QyHKUMU
Pagemaxepa, E” — MaremMaTH4ecKOe OXUAaHUE OT-
HOCUTEIbHO o-aJire0phl, ONpeAeeHHOM CIIyYailHbIMU
BEJIMYMHAMH 7,7y — TayCCOBCKasl CllydailHasi BeJTMIM-
Ha C HYJEBBIM CpPEIHUM M eIMHWYHON IHCIIEPCUCH.
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Bocrmonb3yeMcst HepaBeHCTBOM XWHYMHA, B KOTOPOM
KOHCTaHTa UMeeT HanboJiee TOUHbBIN BUI.

Jlemma 2.2. Ilyemv 1 < p < oco. [lyemov ¢; € R,
1 < i < n. Toeda

E,

<V2 (1 +0 (%)) e PRppl? (i(cf) . .

i=1

<

HokaszatenbcTBO. B [8] mokazaHo HepaBeHCTBO
XMHYMHA C HEYJIyYIlaeMOil KOHCTAHTOM

n P n p/2
> eiri| <Epyf <Z(Cz)2> - ®
=1

i=1
[NpumeHsist orieHKyY a1t ramMma-dyHkimu I'(p), momy-
YeHHYy1o B [9], umMeem

E,

or/2 /p 1
Ehfr="—1(2+2)=
e =2or (£43)
> p/241/2
2P e (p ] “
V2 22

21

W(”()@)—

p/2
— \/521?/26*1’/2*1/2 (B 4 l> (1 +0 1>> —
2 2 p

= V2e P27V (p 1) (1 +0

)
— 2eP/2e-1/2 (7%1)17/2191’/2 (1 +0 (%)) <
).

< \/ﬁe*p/2e*1/261/2pp/2 (1 +0 <1>
D

Hcnonbsys (9) B (8), momydaem (7). Jlemma qokaszaHa.

Jlemma 2.3. Ilycmo n;, 1 < i < n, — He3asucumvle
CAYYAliHble GeAUHUHbL C MAMEeMAMUYECKUMU 0XICUOaHU-
AMU a; U OUChepCUsaMU O'iz maxue, ymo 0 < n; < 1.
Ob6o3nauum

1 — 1 «
2 2
a=— E a;; 07 =— g o; .
ni3 Ly
Ilycmv p > 2. Toeoa

Z?:l "

n

anE( )pﬁa”ﬂw), (10)

44

20e

a ynxyus

fa(w) = o (2B (v* exp (z]y])) — 1) =

— 422 | e2°/2( 43 2B (2 r
=4 < ( +3)<I>()+m>,

2de ® — gynruyus pacnpedeneHust CAY4AUHOU BEAUMUHDL 7.

Hoxa3zaTtenbcTBO. JIeBoe HepaBeHCTBO B (10) cire-
nyer u3 HepaBeHcTBa Mencena. [lyctb cemeiicTBO
{n},1 < i < n} — He3aBUCHMasI KOIUSI CEMEWCTBa
{ni,1 < i < n}. Oyukuwmsa g(z) = |a + z|P umeer
HETPEPBIBHYIO BTOPYIO MpOM3BOAHYI. [loaTtomy mo
dopmyie Teitnopa umeem

p—1 -1 G |P—2
pa +p(p la + b["™*

— P
g(w) = a’ + =5 2 ’

n

e d € (—1,1). Orcionanpu x = Y (n; — a;)/n nony-
i=1

4aeTcs PaBEHCTBO: ‘

P

-1
ZQP+M

2
(2?_1<m - >) _

E ‘L—l i E x
n

Z?:l (ni —

n

ai)

x la' +0

n

= ap(l + B/) 5

e 0 = f(w), -1 <6 < 1. Tak kak 1 + = < €%,
0<zr<oo,m

(k+2)/2
<

n L /.2
<E (Zi—l(m ;) ) — 9252,

n

ucronbays (7), moayyaem

B < @E <1+ '72?—127;_%) >,,2 x
" (Z?—lg;—ai)): <
< 2 gy (- 2)| ===t
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y <M>2S

na
0o n k+2
p(p—1) 1 k Zi:l(m — a;)
< —(p— == 7 <
- 2 Z k!(p 2)°E na -
k=0
00 k
lpp—1) 1 (p-2
< - — | —= X
-2 a®n kg() k' \ av/n
n k+2
< E Zi:1(77i - ai) <
Vn -

Sy (i —mp)?
% E|7|k+2E ’ 1 -

2

Py (Uit} 1+2§:i <p—_2)kE|7|’“+2 -
-2 %n Pt k' \ avn

o’ p(p—1)
2 a’n

(roa(e (e (2520)) ) =0

HOKa3aTeI[bCTBO 3aKOHYCHO.

X

Iycte A;, 1 < i < n — He3aBUCUMBIE COOBI-
tust, p; = P(A;), I, — vHAUKATOpBI COOBITUN A;,
0? = p;(1 — p;) — mucnepcuu uHaukaropa I;. bynem
npennosarath, uto 0 < p; < 1, 1 <4 < n. Paccmor-
PUM CIy4aiiHY10 BETUUNHY

n
Torna o2 = (1/n) 3 02 — nucnepcus ciayyaiiHoON Be-
]

K2

suuauHbl (1//n) .
OCHOBHOI1 pe3yJbTar 3Toro naparpada — cieny-
folIee SKCIOHEHIINATbHOE HEPaBEHCTBO.

Jlemma 2.4. [Tycms € > 0. Toeda

(i reo(2)

y <1+1f (i»e*/w (11)
8'2\ 3202/ '

HNokazatenbcTBO. [lycth cemeiictBo {I/,1 < i <
< n} — HesaBucHMas Komus cemeiictBa {I;,1 <
< 4 < n}. bygem mnpemmonarate, uyto {I;,1 <

<i<n} {I,1 <i<n}twu{rnl<i<n}—
HesaBucuMble cemeiictBa. Tak kak 0 < o2 < 1/4, 10
0?(1 — 20?) < 1/2. TlosToMY, UCTIONB3Y JTEMMBI 2. 1—
2.3 m HepaBeHCcTBO MeHceHa, TTojydaeM

pa[ln=El N 1 oa|p Bl
no —eP Vno -
2 p—Ep|”
< E <
~ ePP(A) ‘ Vno | T
g n )P
< 2 E Zi:l(lz pz)
~ ePP(A) Vno =
P n TP
< 2 E Zi:l(‘[l Iz) _
~ ePP(A) /no
P n (T — 7\ |P P
_ 2 E.E iz Tilli — 1) < V22 o
ePP(A) Vno e’P(A)o?
n 2\ P/2
x (1 +0 (1)> e P/2pr/ 2R, <Zi—1(‘[l 1) ) <
p n

V227 1
<= (4 - —p/2,p/29P/2 ;P
< (110 (5))rerien

x (14 02(1 - 202 <L)><

< G( o )f2 40’2\/ﬁ >

< 7\/521) 1+0 E e P/2pP/29P/2GPE x
< pr »

7P (A)
x (1+éf2 (ﬁ)) . (12)

Ipu p = €2 /8 u3 (12) cnemyer (11).

IMycte ¢ = m~ (), 0" = m~(a”). 3ame-
™M, yto 6 < f < @ Torma M TOJILKO TOrma, Koria
o <a<dao.

Jlemma 2.5. [lycmb 0 < o < o < m(R). [lycmo
a = nhy, /N, 0§ = m~(«). Cywecmeyem Ny € N co
ceoticmeom: ecau n, N € N maxue, umo N > Ny, a
o <a<a’ mo

1

P(A]WN) > m .

13)

HoxkaszaTtenbcTBO. B cuny teopemnl 4 u3 [4] cy-
mectByeT Ng € N Takoe, uto ecimu N > No u
o <a<a’ 10

U(Q)mP(An;WN) -
_ ! _(n-mONPY 1L
NGT eXp{ 207 ()N } "1 Ve

Tak kak m(f) = «, umeem

1 exp{—(n - m(@)N)Q} _

1
Vor 20%(0)N .

Var

WHOOPMATUKA U EE TPUMEHEHUWS Ttom 4 Bbimyck 3 2010 45



A. H. Yynpynos, U. Pazexaw

[Toatomy

o(0)VNP(A,nn) > 0(0)VNP(A (14)

| =

N) >

ny N

W3 (14) u (2) caenyert (13). Jlemma nokasaHa.

3 Jloka3aTeJbCTBa TeOpeM

Joxa3zaTtenbcTBO TeopeMnl 1. Beioepem Ny > 2 ta-
KO€, UTO CIIPaBeTUBO YTBePXKIeHME JIeMMHEI 2.5. [1ycTh
t > 21/6. Torma t2/16 — 1/2 > 1. [loaTOMY, UCTIONIB3Ys
gemmy 2.4, nemmy 2.5 u (3), monydyaem

Y P 15k —BSel | _
kln(k)oy

k=No+1
Z P{|Sk\/__iSk /—t}

k=No+1
=v2 NZW"“/C_M (”O( <k>>) ‘

x <1 + fo <M>> e~ (V/In(k)t)?/16 <

3205k
<@y (1v0 <t21r11<k>>) "

t° In(k) —+2/164+1/2 50
X <1+f2 <73203\/E>> k T2 <00,

k=No+1

CreoBatesIbHO, UL Beex t > 2+/6 1o temme Bopernsi—

Kanrennu

|Sk — ES| <4
kln(k)oy

moutu HaBepHoe. M3 (15) caenmyet (4). Teopema moka-

3aHa.

15)

lim sup
k—o0

JHoxa3zaTeabCcTBO TeopeMbl 2. Boidepem Ny >
> 2 Takoe, 4TO CIIPaBEIJIMBO YTBEPXKIACHUE JIEMMBI 2.5.
IMyctb t > 21/10. Torna t2/16 —1 —1/2 > 1. [ToaTOMYy,
HCTIONB3YST JeMMEBI 2.4 11 2.5 u (3), moirydaeM

> S,y —ES,
3 R {M > t} _
N=No+1 Na/<n<a/'N NIn(N)oun

I
N=No+1 No/<n<a/’N VNoun

¢—t} Y Y wa/aV

N=No+1 Na/<n<a/'N

1
1+0 | —
( - <a21n<N>>)x
52111]\7 2
w14 A ) ) - (VInWn? /616 <

<3G Y (o) (1+O(ﬁ>)

N=Np+1
2
EIIIN 2
X |14 fo | ———= | | N7E/16+1/2 < 0,
< 2(3203\/N>>

CnenoBaTenbHO, I Beex ¢ > 241/10 1o temMme bope-
na—Kanremmm

|SnN - ESan

<t
Nln(N

(16)

lim sup

n,N—oo, o <a<a’ )UnN

mouTtu HaBepHoe. M3 (16) caenyet (5). Teopema moka-
3aHa.
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O MPEJEJbHOM MOBEJEHWU MOLLIHOCTEN KPUTEPUEB
B CJIVHAE OBOBIIEHHOI'O PACITPEOEJIIEHWA JIATIVIACA

0. 0. JIamun*

AnHotamusa: B paGorte [1] Ha 3BpHCTHYECKOM ypOBHE Oblia ToydeHa Gopmylia s Mpeaesia OTKIOHEHUS
MOIIHOCTH aCUMIITOTMYECKM Haubojiee MOIIHOTO KPUTEPUsl OT MOILIHOCTA HaWJy4llIero KpuTepusi B ciydae

00001IeHHOro pacnpeneieHus Jlariaca.
opmyibl.

B naHHO# paGore mpuBoauTCs HopMaibHOE A0KAa3aTeIbCTBO 3TOM

KmoueBbie ciioBa: 00001IeHHOE pacnpeneieHue Jlamnaca; (pyHKUIMSI MOILIHOCTU; aCUMITOTUYECKU Hauboee

MOUIHBIN KpHTepPIﬁ; ACUMIITOTUYCCKOE Pa3JIOKEHUE

1 Bsenenwue

Pacmipenencume Jlamraca HaXOOUT IMMPOKOE TIPH-
MEHEHUe B 3a1a4axX MOJIEIMPOBAHUST OOJIBIITNX PUCKOB,
BBIJCJICHUSI CUTHAJIOB Ha (hOHE ITOMEX M IPYTHX 3a1adax
MaTeMaTUIeCKOM CTaTUCTUKM (CM., Harmpumep, [2—4]).
HanHas paboTa IIpomoJoKaeT UCCeI0OBaHNsI, HadaThie
B [1], ¥ comepXuUT CTPOTOe MOKA3aTeIHCTBO PE3yJIbTa-
TOB, MMOJYYEHHBIX B YKa3aHHOI paboTe Ha 9BPUCTUYE-
CKOM ypOBHE. 3JIeCh MCIIOJIb3YIOTCSI T€ K& 0003Have-
Hus, yto U B [1].

B pa6orte [1] ObL1a paccMOTpeHa 3a1a4da MpoBepKU
TUTIOTE3BI

Ho : =0

IIPOTUB TTOCJICIAOBATCIIBHOCTH OJIM3KUX aJIbTCpHAaTUB
Buga

t
Hot : 0= —,
! \/ﬁ

Ha OcHOBe BbIOOpPKU (X71,...,X,) — HE3aBUCHUMbIX
OIIMHAKOBO pacmpeaeIeHHBIX HAOIIONeHU, IMEIOIITX
pacnpeeieHre ¢ JI0THOCThIO BUaa

o<t<C, C>0,

p(,0) = Cope”®F= O b0l =0 g e R (1)

rae Cq,p — KOHCTaHTAa HOPMUPOBKU. [Ipennonoxum,
yto a > 0, b > 0. B aToM cirygyae KOHCTaHTa HOPMU-
POBKHU

Cap = va
T merfe (b/(2v/a)) exp (b*/(4a))

rae

2 [
effc(v) = —= [ e 7 dz.
Vv /

Jlnst kaxxnoro dukcrupoBanHoro ¢ € (0, C] 0603HaYMM
gyepe3 (3. (t) MOITHOCTh HAMIYYIIETO KPUTEPHsI YPOB-
Ha o € (0,1). Takoil KpuTepuii Bcermaa CyliecTByeT
corjiacHo pyHmaMeHTanbHOI JlemMme Heiimana—IlTup-
COHa M OCHOBaH Ha Jjiorapu@me OTHOIICHUS TIPaBIO-
noxoous

n

An(t) = Z (atn*1/2 (ZXi _ tn*1/2) .

i=1
b (|X1-| e _m—l/2|)) .

Jlia mposepku Hgp mpotus H,, 1 CyLIECTBYIOT KpuTe-
pUU, OCHOBaHHBIE HA OTJIMYHBIX OT A, (t) cTaTucTUKAX
Y MMEIOILIHE TY Xe MTPeeIbHYI0 MOIIHOCTb, YTO U [3;; ().
Takue KpuUTEepuU HaA3bIBAIOTCS aCUMIITOTUYECKU Hau-
6osiee MoiHbIMU (AHM), mpyuyeM 3TU KpUTEpUU He
3aBUCAT OT t. [Ipenmonoxum, 4To cTaTUCTUKY 1), He-
Kotoporo AHM-kputepust MOXKHO MOHOTOHHBIM Tpe-
obpazoBaHueM (HEe MEHSIOLIUM MOIIIHOCTU KPUTEPUSI)
peo6pa3oBaTh BCTATUCTUKY S, (1) TAKYIO, UTO BEJTMYM -
Ha A, (t) = Sy (t) — A, (t) nomyckaer npu runorese Ho
ACUMIITOTUYECKOE Pa3JIOXKEeHNE BUIA

An(t) = nfl/QLn(t) + o(n71/2) , (2)

rae L, (t) — HekoTopasi cTaTucTHKa. bbiTo oGHapyxe-
HO (cM. [5]), 4To B 3TOM ciTydae IJIsT ITMPOKOTO Kitacca
AHM-kputepueB MOIIHOCTb 3, (t) KpUTepusi, OCHO-
BaHHOTO Ha Sy, (t) (wnu Ha T),), otnuaercst ot 3 (t) Ha
BEJIMYMHY TIopsinka 1/n.

Hna pacnpenenenus (1) paccmorpum AHM-xpu-
Tepuil, OCHOBaHHBII HAa CTATUCTUKE

1 n
T, =— 2aX; + bsign (X;)) .
v (X0)
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0. 0. JIamun

O603HaunM vepe3 (3, (t) MOIIHOCTb 3TOTO KPUTEPUsI
ypoBHs o € (0,1). B pa6ote [1] 6bUTO MOKa3aHO, YTO
IUIST 9TOTO KpUTepusT BeanmunuHa A, () Z0mycKaeT Mpu
ruriore3e Hy aCMMIITOTHYIECKOE pa3ioXKeHe HeCKOb-
KO MHOTO, 9eM B (2), BUIa, a MUMEHHO

An(t) =n"YAL,(t) + o(n~ Y,

B CBSI3M C YeM MOIIHOCTb Kputepusi (3, (t) oTamyaet-
cst ot 3 (t) Ha BenumuuHy mopsinka 1/y/n, a He 1/n,
KaK CJIeoBajo oXuaath. Tam Xe Ha 3BPUCTUYECKOM
YpOBHeE Oblj1a MoydyeHa popMyJia

(1) = Tim Vi (55(0) = a(t) =
_2b20 pt2 ( —t\/I_b)

3vVIup

rae ®(x), p(x) — cooTBeTcTBEHHO (DYHKIIMSI pacrpe-
TIEeJICHWS ¥ TUIOTHOCTD CTAaHAAPTHOTO HOPMAJIBLHOTO 3a-
KoHa, P(uy) =1—a,a € (0, 1); I, , — duiepoBcKast
uHdopManus.

B aroii pabote mi1st pacnpenenenus (1) Oyayt mpo-
BepeHBI YCIIOBUS TeopeMbl 3.2.1 u3 [5], T. €. moiydeHo
dopmabHOE TOKa3aTeTbCTBO (hOPMYIHI (3).

2 OCHOBHBIE 0003HAUEHUA

B cooTtBeTcTBMM ¢ onpeaeneHussMU padoThi [ 1] BBe-
JIeM clietytotre 0003HAUYEHMUSI:

I, yt?
S, (t) = tT), — Tb

An(t) = Sn(t)
- ZbZ <

rie 1 4(z) — uHauKaTop MHOXKecTBa A. B naibpHeleM
OyneM omycKaTh apryMEHT ¢ M muicaTh mpocto A, S,
u A,,. Takxke moaoxXuMm

— An(t) = —bCy pt? —

) o.¢/va] (X, (4

erf (z) =1 — erfc(x

f/ﬁ“

Hnst 6 > 0 u npousBojbHOTrO = € R onpenenum GyHK-
107071
go(x) = Capb® + 2(x — )1 () ; (5)

me(x) =a(2x —0) +b [— 1o, 0)(%) +

2
+ (% - 1) 10,0)(2) + 1,00 ()| 5 (6)

My(z) = Omg(z); (7)

do(z) = —% + 2ax + bsign () ;

Dg( ) = 9d9(:c)

O6o3HauuM g, (), my(z), M, (x), d,(x )I/ID (x) co-
OTBETCTBEHHO GYHKUMU go(x), mg(z), My(z), do(x)
v Dy(x) mpu 6 = tn~1/2,

[Nepenuiem cTaTUCTUKY B 0003HAYEHUSIX BBEICH-
HBIX (PYHKIIMIA:

A, = tn/? i mp (X
S, = =tn~1/? Z dn(

= _Z Mu(X:);  (8)
Z Dy (X )
=1

A, = —ngn(X (10)
i=1
JoroBopuMcst 0003Ha4aTh fs,(S), fa,(S), fme($),

I, (8), fao (), fp, (s) XapakreprcTiueckue GpyHKIMN
COOTBETCTBEHHO CITyJaifHbIX BEIMUUH S, , Ay, ma(X71),
My(X1), dg(X1), Dg(X1). Cmena unnekca 6 Ha n Oy-
IeT 0003Ha4aTh, YTO 3TU (PYHKLMM PACCMATPUBAIOTCS
npu § = tn~'/2. 3ametum, 4TO

I, (s) = Egexp {isMy(X1)} =
= Egexp {isOmy(X1)} = fm,(0s),
fDe (8) = fde(es) :
AHaJIOTUYHO
fa1, (8) = fm, (tn7125)
b, (8) = fa, (tn_1/2s) )

Taxcke OymemM moab30BaThCsl MTOKAa3aHHBIM B [1] cooT-
HOIIIEHUEM MEXIy KOHCTAaHTOW HOPMUPOBKU U (pullie-
poBcKoit nH(MopMaei

an
(12)

Ia,b = 2(bOa7b + CL) .

3 BcnomorartenbHbl€ pe3yJIbTaThl

Jlemma 3.1. /[ns nr066ix 0 < t1 < to u pacnpedenenus (1)
Cnpaseodaugsbl pageHcmea

sup sup |Pno (A, <) —
te[tl,tg] z€eR
— fi(z,t) — f2\(;%t) - f3(i’t)‘ =o(n™t),
20e

- x \/Iaybt .
fl(xvt)_¢<t\/m+ 2 )
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fQ(Iat):
BRCuut ( z E) (p( r \/Ia,bt> ;

B 3y Iap tlypy 2 12VE PR 2

bvC, N PN
Fala,t) = @b [ L 4 Vel
3Ia,b t\/Ia)b 2

y t2 (Ml(a, b,Cup)x  2Ms(a,b, C’ayb)t>
) I3b t 3oy
b3C it ( x t>2 v VIt
6 t\/Iop 2

tl, 2

B Ms(a,b)t x n Vo pt ? N
2y/Tos \t\/Tas 2
Mg(a,b)t T MB(a7b) €z + V4 Ia,bt ’ -
2\/1,1)17 4Ia,b t\/IaJ, 2
. 3M3(a,b) x + \/Ia_’bt .
4Ia,b t\/Ia_’b 2 ’

Mi(a,b,Cqp) = 6b°Cp ,+b(14a—b*)Co p+2a(4a—b?) ;

Ms(a,b, Cap) = 18b*Cy , + b (66a — b°)C2 , +
+ 2ab*(45a — b*)CZ , + a®b(54a — b*)Cqyp + 12a*;

Ms(a,b) =31, —b*.

JokazaTtenabcTBO. /[l mOKa3aTelbCTBAa yTBEP-
KIEHUS 9TOM JIEMMBI TIPUMEHNM TIpemtoxenue 1.1 u3
paboTsl [6] misa r = 4.

[MokaxxeM paBHOMEPHYIO MHTETPUPYEMOCTH CEMET-
CTBA CIyYaiiHbIX BEMYUH mj(X1) OTHOCUTENBHO Py.
Ilo ompeneneHUI0 PaBHOMEPHOI WHTErPUPYEMOCTH
HEOOXOIMMO TTOKA3aTh, 4TO

s191p Eo |m3(X1)‘ 1(c)m)(|m3(X1)‘) —0npuc — oo

Wcnons3ys (6), mpeactasuM 1. ) (|mg(X1)]) B cre-
JIYIOLLIEM BUJIE:

Lic, 00) (MG (2)]) = 1 32 o0y (Ima(z)]) =
= 1(Zoo, 21 (€))U(wa(c), 00) (T) - L((ab4b)4, 00y (€) +

+ L(—oo, 23(c))U(za(c), 50) (T) - L0, (at+p)1)(c) ,  (13)
rie
Se—af—b Se+ab—b
xl(C)Z_T; xz(c):T;
© Ve—ab—b © Ve+af+b
r3(c) = ——-; 14(c) = —F—.
s 2(a+0b/0) = Tt 2(a+b/6)

ITpu Gonbuux ¢ BTOpoe ciaaraemoe B (13) paBHO Hy-
mo. Torma mnsa Bcskoro ¢ > 0 HeMOCPeACTBEHHBIM
MHTETPUPOBAHUEM TTOTYYUM

Eo |mg(X1)| 1(c, 00) (Img(X1)]) =

= Eo |mg(X1)| 1(Z oo, 21 (e)) U (e), 00) (X1) =

ari\c 2
= Pi(z1(c)) exp {—W} +
b+ Zaxl(c)>
2va

(b + 2az2(c))?
4a2 } +

+ C1 erfc <

+ Py(x2(c)) exp {—

b+ 2axs(c)
2Va

rae Cy, Co — KOHCTAaHTBI, 3aBUCSIIIIUE OT a, b 1 0; P (y)
u P, (y) — MHOTO4IeHBI TpeTbeii creneHu ¢ Koahdu-
IIMEeHTaMU, 3aBUCSIIINMH OT a, b 1 6. [lepBoe ycimoBue
npemtoxenns 1.1 u3 [6] nokazaHO.

—|—C2erfc( )—>0an/Ic—>oo,

JIytT BBITIOTHEHUSI BTOPOTO YCJIOBUSI JOCTATOUHO
1oKas3arh BheITToaHeHMe yeiaoust AC, Ui KOTOPOTO,
B CBOIO 0Yepe/ib, JOCTATOYHO MTPOBEPUTH YCIIOBUST T€O-
pemsr 1.5 u3 [6].

Bribepem a; u as Tak, 4TtoObI as > a1 > t > 0.
Torma ycnosus I, I1 u 111 Teopemsbr 1.5 04eBUIHO BbI-
nojHeHbl. YcnoBue IV cienyet u3 Toro, 4to Jist Kax-
IoTOo  TUIOTHOCTB py(x) abCOTIOTHO HENpepbIBHA Ha
JII000M OTpe3Ke, He coiepXKallleM TOUKy x = 6, a 3Ha-
quT 111 11060r10 6 € [0, t] TIIOTHOCTB Py () aGCOMOTHO
HeTpepbiBHA HA = € [ay, as|, TaK KaK ag > ap > t.

O6parumcst K yenosuio V. st kaxmoro 6 € [0, ¢]
GbyHKUMA py(x) Ha oTpe3ke ax > = > a; >t > 0
OIIpeNeIeHa KaK

/ Jae ¥/ (4a)
Po(e) = VT erfe (b/(2v/a)) 8
x e be=0)=alx=0)" (_p _ 94(z — 0)) .

- Jae—t/4a) 2o
B <\/E erfc (b/(2v/a)) ) *

X /e—(a(m—0)2+b(m—0))(2+§) (b + 201(,@ _ 9))2+5 dx S

et/ (aa) 245
= <ﬁ erfc (b/(2v/a)) ) .

x /(b+ 2a(x — 0))*™° da <

ay
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0. 0. JIamun

Jae—t/4a) 249
= <\/E erfc (b/(2v/a)) ) *
x (b + 2a(az — 0))*™° (ay — ay) <
Vae /) o 245
- (ﬁerfc (/2 ) ) O )

Bce ycimoBust TeopeMbl 1.5 u3 [6] BBITTOJTHEHBI, YTO
TaeT BO3MOXHOCTh IIPUMEHUTH MpemioxkeHne 1.1, n3
KOTOPOT0 HEMOCPEICTBEHHO MOJyYaeTCsl yTBepKAeHUe
JIEMMBI. |

Jlemma 3.2. Ilpu 0 — 0 oas gynkyuu go(z) (cm. (5))
CNpaeeoaugol cAedyIouUue COOMHOUCHUSL:

Eoge(X1) = O(6%);

Eogs (X1) = O(6°);

Eogy (X1) = O(6*).
HdoxazarenbcTBO. B pabore [1] Obuta mosydyeHa
XapaKTeprucThIecKast (GYHKIIUS [UIST CIIyJaifHOM BeJI-
uuHbl (X1 — )19 6)(X1). VI3 Hee BRIBOAMTCSA XapaKTe-

puctuyeckast GyHKIMs 1St go (X1 ), ITOCTIe Yero 3amava
BBIYMCJIEHUSI MOMEHTOB CTAaHOBUTCS TPYMBUAIbHON. O

Jlemma 3.3. s cmamucmuku A,, (cm. (4)) npun — oo
CNpageoalo cOOMHoueH e

EnolAnlf =0 (n_k/4) :

2de k — npou3eonvHoe HAMYPANbHOE HUCAO.

HNokaszatenbcTBO. CMOTPU JOKA3aTEIBCTBO CIIEMI-
ctBug 3.1 B pabote [1]. O

Jlemma 3.4. Cnpasedausbsl caedyroujue npedcmasneHusi:

E,oexp{isA,} A, =

= —bnf]’\};l(s)Eo exp {isM,(X1)} gn(X1);

En.o exp{isAn}Afl =
=b%n ]7\14;1(8)E0 exp {isM,(X1)} gfl(Xl) +

+6%n(n—1) f7%(s) [Eo exp {is M (X1)} g (X1))” ;

E,oexp{isS,}A, =
= —bnfgzl(s)Eo exp {isDp(X1)} gn(X1).
HoxkazartenbcTBO. [lomp3ysaces (8), (10), a Tak-

K€ HE3aBUCUMOCTBIO CIIyYalHbIX BEJIMYUH X1, . . ., X,,
TOJIy4aeM NEPBOE YTBEPKACHUE

Enoexp{isA,}A, =

= —bEno Y explis» My(X;) ¢ gn(X;) =
i=1 i=1

= —bz E..0exp isZMn(Xj) gn(X;) =
i=1 j=1

=—b> Eno | exp{isMu(Xi)} gn(Xi) X
i=1

n

X H exp {isM,(X,)} | =
Jj=1,j#i

= —bZ Eo exp {isMn(Xi)} gn(Xi) ¥

x JI Eoexp{isM.(X;)} | =
=15

= —bfi. ()Y Eoexp {isM,(X,)} gn(X;) =
=1

= —bnf]’\};l(s)Eo exp {isM,(X1)} gn(X1) .

Bropoe yTBep:kaeHMe 10Ka3bIBaeTCs MO0 aHAJIOTUH.
YToObl goKazaTh TpeThe YTBEpXKIeHUE, Heo0XOo-
JIUMO BOCITOJIb30BaThcsl MpeacTtaBieHueM (9) u moJ-
HOCTBIO TIOBTOPUTH JOKA3aTEIBCTBO TEPBOTO YTBEPK-
neHus ¢ 3ameHout M,, Ha D,,. JlemMma noka3aHa. O

Jlemma 3.5. Ilpu 0 — 0 dasn @yuxyuit My(z) (em. (7))
u go(x) (em. (5)) cnpasedauso caedyrouee coomnouierue:

Eo [My(X1)g0(X1)| = O(6%?) .

HdoxazatenbcTBO.IloHepaBeHcTBY Komu—byHsi-
KOBCKOTO

Eo | Mo(X1)g0 (X1)| < /EoMZ(X1)Eog3 (X1).

Wcnonb3ys nmomyyeHHy0 B pabdorte [1] xapakTepuctu-
9ecKylo (DYHKINIO ciydaitHoi BemuauHbl My (X1 ), BbI-
YHCIIUM BTOPOii MOMeHT My (X1). OueBHIHO,

EoMZ(X1) = O(6%).
Ucrnionb3yst iemmy 3.2 1tst oeHku Eqg2 (X1 ), momydnm
YTBEPXKIEHUE JIEMMBI. a
Jlemma 3.6. [lpu 0 — 0 dasn ynxyuii My(x) u go(x)
cnpaseonuesl cAeoyouue COOMHOUECHUSL:

is(is — 1)1, ,0?

Eoexp {isMp(X1)} =1+ > +o(6?);
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(0] npeacjibHOM MMOBEACHUN MOIIHOCTEN KPUTEPUEB B CJ1ydac 0000111eHHOTO pacnpeacicHus Jlarunaca

. bC4 (1 +is)6

Eo exp {isMp(X1)} go(X1) = — o 3 ! +0(6%);
. 4C, 40°

Eoexp {isMy(X1)} g2(X1) = TI’ + 0(6%).

HoxazatenbcTBO. [lepBoe yrBepxxaeHue — pas-
JIOXKEHME XapaKTepUCTUUYECKON (YHKIMU ClydyaliHOMN
BeMuuHBI My(X1) B psim — ObUIO TIOJTYyYeHO B pabo-
Te [1]. BTopoe u TpeTbe yTBEepKIEeHUST JOKA3bIBAIOTCS
HETIOCPEICTBEHHBIM B3SITHEM COOTBETCTBYIOIINX MHTE-
TPajioB U Pa3IOKEHUEM PEe3yTbTaTOB MHTETPUPOBAHUS
B psin B Touke 6 = 0. O

Jlemma 3.7. /lna arboeo x € R u npoussoavroeo deii-
cmeumenvHoeo y # 0

o0 oo

2 2
/e_z |cosyz|dz</e_z dz.
x x

HoxazaTenbcTBo.DuKkcupyeM IIPOM3BOIBHOE Y 7
# 0 1 paccMOTPUM (PYHKITHIO

w(z) = e % (1 — |cosyz|) .
OyHkIms u(z) obpaliaeTcs B Hy/Ib B TOYKaxX

k
= Lk =0,4+1,42,. ..
y

O003HaUUM yepe3 Z; U Zo MPOU3BOJIbHBIE TOUKU Ce-
DU 2, IEXAIINE TIPABEE T U CIIEAYIOIINE B CEPUU IPYT
3a ipyroM. BeiGepem e > 0 Tak, uTobbl € < (Z3 — Z1)/2.
Tak kak u(z) > 0 mist J106Oro0 z, TO MO CBOWCTBAM
MHTETPaJIoB

/e*Z2 dz — /efzz |cosyz|dz =
oo Zo—e€
= /u(z)dz > / u(z)dz >0,
x Z1+e€

TaK KaK Ha z € (Z1 + ¢, Z2 — €) BBIMIOJIIHEHO | cos yz| < 1,
a 3HauuT 1 u(z) > 0. JleMMma noKa3aHa. O

CnencrBue. /s nwboeo v € R u npoussosvHoeo
deiicmeumensro2o y 7 0

2 T
— [ e % |cosyz|dz < erfc(z) .
= [ leosu] (@

Jlemma 3.8. /[13 modyas xapakmepucmuueckoil hpynkyuu
b, (s) cnpasedausa caedyrowas oyenka:

82

€1
T e S B
|S| > Ul\/ﬁa

|fp,(s) <qa <1,

20e 01, €1 — NOAOICUMEAbHbIC KOHCIMAHMbL, (q — NO-
AONCUMENbHASL KOHCIMAHMA, ONPEOCACHHAS C MOUYHOCHbIO
doa, b.

Hoxka3zaTenbcTBO. PaccMoTpum XapakrepucTrye-
ckyto (GyHKUMIO ciydaitHoit BenuuuHbl d,(X1). Tlo
TeopeMe 1.2 u3 [7] cyliecTBYIOT MOJIOKUTEIbHBIE KOH-
cTaHTBI A1 M By Takue, 4TO

|fa,(s)| <1— Bys?
st Beex |s| < Aj. Tlonmb3ysich XOPOIIO W3BECTHOI

oleHKoi 1 — z < e™%, cpaBeIJIUBOI AJIS TIOOOTO z,
MOJTyIMM, 4TO JUIst Beex |s| < Ay

|fa, (s)| < exp{—B1s} .

Torna u3 (12) umeeM

Blt282
n

s Beex |s| < Ajy/n/t. Tlonmaraa €; = Bit?> n
o1 = Aj/t, IPUXOIMM K TMEPBOMY YTBEPXKICHUIO JIEM-
Mmbl. [Tokaxkem BTopoe yTBepKIeHUeE.

Hst mo6oro 6 > 0 HEMOCPEACTBEHHBIM MHTETPH-
pPOBaHUEM TOJy4aeM, UyTo

. = | (en7725)] < oxp { -

fa,(s) =
erfe (b/(2V/a) —ivas) + erfc (b/(2v/a) +ivas)
B 2 erfc (b/(2v/a)) exp {isl,,0/2 + as®} '

PaCCMOTpI/IM BBIpAXKEHUE, CTOSAICC B YUCIIUTEIIC:
b

erfc (% —1 as) + erfc (2\/5

7 2
/ e * dz+

b/(2v/a)—iv/as

+ 2\/55) =
2
VT
5 0o
ﬁ / 6_22 dz =
b/(2v/a)ivas
/ e—(w2—2i\/ﬁsw—a52) dw +

2> T o, :
4+ = e—(w +2i/asw—as )dw _
NZ3 /

b/(2v/a)
2 o0
4 as
= \e/E e~ cos 2v/a sw dw .
b/(2v/a)
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IMoncrapisst moJlydeHHOE BBIpaxkeHHe B (hOPMYITY JUTS
fau(s), moyuiny

— () = 2|1(s)]
|fd9(8)| - J(S) = ﬁ erfc (b/(Q\/E)) ) (14)
rae
I(s) = / e~ cos 2v/a sw dw .
b/(2v/a)

0O0603HaYMM TIOJABIHTETPATIbHYIO (DYHKLUIO HMHTErpa-
na I(s) kak z(w,s). Ilo mpusHaky Beiiepiirpacca
(Teopema 7.8 u3 [8]) unTerpan B BeipaxeHuu st I(s)
CXOIUTCSI PABHOMEPHO Ha MHOXECTBE BCEX JEUCTBM-
TEJIBHBIX  S. Kpome Ttoro, mns nmwoboro wgy >
> b/(2y/a) dyHkums z(w,s) paBHOMEPHO Ha MHO-
xectBe b/(2v/a) < w < wp cTpeMUTCS K z(w, So) MPU
$ — S0, @ 3HAYUT 10 TeopeMe 7.9 u3 [8] byHkuwms 1(s)
HeMpepbiBHA Ha MHOXECTBE BCEX IEHCTBUTEIBHBIX S.
I1o npusHaky Beiiepiurpacca nHTerpai

/ we™"" sin 2v/a sw dw
b/(2v/a)

CXOIUTCSI paBHOMEPHO Ha MHOXECTBE BCEX NCHCTBU-
TelbHBIX s. Otcioma corjiacHo TeopeMe 7.14 us [8]
cJIemyeT BO3MOXHOCTD Tud (G epeHIMPOBaHIS MHTETPa-
na I(s) mo mapameTpy s B J00OM Touke s. Takum
obpasom, 1JIs I00Oro s B3ITUEM MHTEerpaa o 4acTsam
nMeeM

I'(s) = —2v/a / we™" sin 2v/a sw dw =
b/(2v/a)

2
= Vaexp {—z—} sinbs + 2asI(s). (15)
a

IMyctb s # 0. Toraa MoxHO 3anucaTthb

I )71/(5)_ sin bs )
%= as 2v/aexp {b*/(4a)} s’
' (s)] 1
()l = 2als|  2y/aexp {b°/(4a)} |s| (16)
Ouerum |I'(s)|. To (15) umeem
i 2
[I'(s)] < 2va / wewzdw—ﬁexp{—%} .

b/(2va)
IMoncrabmsst B (16), momyaum
1 1
Vaexp {b*/(4a)} |s|

[(s)] <

Takum 06pa3oM, MOXHO YTBEPKIATh, YTO

lim I(s)=0.

|s|—o0

A7)

Bepremcs x (15). OdueBUAHO, YTO BHIIICONMCAHHBIC
cBoiicTBa GYHKIMKU I(s) IETMKOM TepeHOCSATCS Ha
dyukmio J(s). Kpome toro, J(s) > 0 mwist 1060-
ro s. Tak kak dyHKims J(s) YeTHas1, MOCIEIHION
4acTh JOKA3aTEIbCTBA MTPOBENEM TOJTHKO JIJIST TTIOJIOXKM -
TEJTBHBIX S.

Tonoxnm
qa = sup J(s),
SZAl
rme Ay — TIOJOXWTENbHAasT KOHCTAaHTa, OIpeIe/IeH-

Hasl IIpY J0KA3aTeIbCTBE MEPBOTO YTBEPXKIAECHUS JIEM-
Mbl. O603Haunm J; = J(A;). QukcupyeMm HEKOTOpOe
0 < e < Ji. Mo (17) matigercst Takoe 6 > 0, 9TO IS
BCEX s > 0 MOXHO YTBepXnatb, 4to J(s) < e. Torma
OYEBUIHO, YTO

sup J(s) =qa.
A1<s<d

W3 HenpepbIBHOCTH J () CIEyeT, YTO 3Ta TOYHAS BEPX-
HSISl TPaHb TOCTHTAeTCs, T. €. HAUIETCS Takoe Si, 4TO
Ay < |s1] < 6 u J(s1) = ¢qq. Torma mo cieacTBuio
K gemme 3.7 qq < 1. Tem cambIM Ad0Ka3aHO, 4YTO
J(s) < qq < 1masiBeex s > Aj.

3ametuMm, yTto B BeIpaxkeHuu (14) |fq,(s)| MoxHO
3aMeHUTb Ha | fy, (s)|. TIpu 3TOM OCTaHeTCs CrpaBesi-
JIUBOH OLIEHKa

|fa, (s)| < qa < 1nmsBeex |s| > Aj .

Wcnonsays (12), nepeitném kK dynkuuu fp, (s). Torma
MOHO yTBEPKIaTh, 4TO

£, (8)| = | fa, (tn ™1 /?s)| < qa < 1

ISt Beex |s| > o14/n (tne o = Ay /t). Jlemma noka3za-
HA. m]

Jlemma 3.9. /s modyas xapaxmepucmuueckoit pyHKuuu
fu, () cnpasedausa caedyowas oyenka:

far, ()] < exp{—eas®/n},  |s| < oov/n;
|far, (8)] < qn <1, |s| > oav/n,

2de o2, €2 — NOA0JCUMENbHBIE KOHCMAHMbL, qj, — N0A0-
JCUMeNbHas KOHCMAHMa, onpedeneHHas ¢ Mo4HOCMbI 00
Heu3eecmHblx a, b, t.

HokasartenbcTBO. JloKa3areiabCTBO  IEPBOTO
VTBEPKAEHUS JIEMMBI aHaJIOTMYHO JOKAa3aTeJIbCTBY
IEPBOTO YTBEPXKIEHUS JeMMBI 3.8. 3aMeTuM, 4To B
XOJle I0Ka3aTeJIbCTBA BBOISATCS HEKOTOPBIE ITOJIOXKM-
TeJIbHBIE KOHCTaHTHI Ao M Bs, KOTOpbIE MICHTHYHBI 1O
CMBICTTY (HO HE MO 3Ha4YeHWI0) KOHCTaHTaM A; u B
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u3 geMmbl 3.8. TlepeligeM K 10Ka3aTeabCTBY BTOPOTO
YTBEPKICHUS.

Hns moboro 6 > 0 HEMOCPEACTBEHHBIM WHTETPH-
poBaHUEM TIOJTydaeM

1
Jma(s) = 2 erfc (b/(2v/a)) *
{(f1+f2) (s(s+i0) (b+ap)®)/(ad?) |
F s+ fa) e er)]
rae

=t (g v s (4 a) )

oo )
fs= erfc(2\/_+\/_9—zs\/_)

fa = erfc <% + is\/a) )

IIpeoOpasyem cymmy fi + fo ciaenyommuM oopa3oMm:

it fa=
b/ (2y/@)+/ab—is(b/(v/a0)+/a)

2 / -
= — e Z
VT
0
—b/(2v/a)+is(b/(+/ab)+/a)
+ 2 / ' q
— e z =
NZ3
0
b/(2va)+vab—is(b/(v/ab)+/a)
2 / 2y
= — e z =
N

b/(2v/a)—is(b/(v/ab)++/a)
b/(2/@)+/ab

_ 2 o (w=is(b/(Va0) +va)* gy —
VT
b/(2va)
2 2 2 2
_ 2 (P (aot0))/(a0?)
Nz
b/(2v/a)+ /a0

efwz e2is(\/ﬁ+b/(ﬁ0))w dw

X
—

b/(2

3

)

IIpeobpasyeM cymmy f3 + f4 CleayomnM oOpa3oMm:

oo

2
f3+f4:ﬁ / e dz+
b/(2v/a)+Vab—isya
2 o0
+ ﬁ / 67‘22 dz =
b/(2va)+isva
48a5 7 a2
= / e cos 2sv/aw dw +
T
b/(2v/a) /a0
, b/(2va)+vas
+ v / e (cos2sv/aw —
b/ (5v/a)

—isin2sv/aw) dw.

[oxncrapnsist T BeIpaXeHUs B GOpMYIY IS fo, (S) 1

nosb3ysick TeM, uto | [ f(2)dz| < [|f(2)| dz, |a+ b <
< |a| + |b], momy4aem
) b/(2v/@)+vao
2
m < d
[ ()] < VT erfe (b/(2v/a)) ‘ v
b/ (5v/a)
+ 2 X
VT erfe (b/(2V/a))
X / e cos 2sv/aw dw| <
b/(2v/a)+ /a0
) b/ (2v/@)+at
2
< J(s) = Y dw +
<J) VT erfe (b/(2V/a)) ‘ v
b/(5v/3)
+ 2 /OO —w? 2sv/aw d
& COS zSy/ aw aw| .
V erfe (b/(2v/a))
b/(2v/a)+at

AHAaJIOTMYHO TIpeIBIAyIIeil JeMMe MOXHO ITOKa3aTh,
4TO

b/(2/a)+/at
(2/y/T) e dw
. b/(2v/a)
1 J(s)=J1 =
Is\linoo (s) =1 erfc (b/(2v/a))

ITpu 9TOM, TaK KaK t OrpaHM4YeHo, TO J1 < 1. O4eBUIHO
Takxe, 4To J(s) > 0 mist Beex s. Tak kak pyHkuus J(s)
4eTHast, TO B aJIbHEIIIeM OyieM pacCcMaTpUBATD TOJb-
KO 06J1acTb s > 0.

[Tonoxum

qn = sup J(s),
SZAQ

rae As — TTONOXUTEIbHAsT KOHCTAHTa, OIpeaeIeHHasT
NP JOKAa3aTeIbCTBE TEPBOTO YTBEPKICHUS JIEMMBI.
AHajornyHo Jiemme 3.8 MOXKHO MoKasaTh, 4To qp, < 1.
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3aMeTHM, 4TO B OLIEHKE MOIYJIST XapaKTepUCTHUIe-
CKOM (PYHKIIMM OYEBHMIHA BO3MOXKHOCTH Iepexoia OT

fmo(8) K fm, (s) 1
| fm,, (8)] < qn < 114 Beex |s| > As.

HWcnoneayst (11), nepeiinem k dyukumu f)y, (s). Toraa
MOKHO YTBEPXKIATh, YTO

a1, (8)] = | fm, (t07H25)] < g < 1
s Beex |s| > o9/,
rie oy = As/t. Jlemma nokasana. O

Iepeitmem K 10Ka3aTeIbCTBY OCHOBHBIX Pe3yJbTa-
TOB.

4 TIpoBepka ycioBuii TeopeMsl 3.2.1

B aTOoM pasnmenie mpoBepuM yCIOBUS TeopeMbl 3.2.1
u3 [5] u TeM caMbIM MOKaXeM CIpaBelIUBOCTh yCTa-
HOBJIEHHO Ha 3BPUCTUYECKOM YpOBHE (hopMybl (3).

4.1 VYcnosue 1
MMonoxum 7, = n~ /4

BBITIOJIHACTCA C

. IMokaxeMm, yto ycioBue |

<I>1(a:)—<1>< . +\/mt>,<1>2(x)_o.

t\/ Ia,b 2

I1pu sTom
’ 1 X \/Iaybt
p(z) = @1 (z) = @ + -
t\/ Ia,b t\/ Ia,b 2

Iyskr (i). Tak Kak 7, = n~ /%, BHIOIHEHUE ycio-

Bust | ¢ Takumu @ (x) 1 Po(x) cremyer aBTOMATHUECKH
13 J1eMMBI 3.1.

ITynxkT (ii). BriObepeM  mpou3BOJBHBIM 00pa3oM, HO
TaK, 9T00b 0 < J < 2. @PuKcUpyem HpPOU3BOJIb-
Hoe zg € R. 3amerwMm, 4TO IS JTIOOOTO MHOXECTBA
A € B(R™) cipaBeinBo Cleyoliee MpeiCTaBIeHue:

Pn, I(A) = En,O eXp{An}l(A) ) (18)

rine B(R™) — GopeneBckas o-anredpa MHOXKeCTB B R™.

O003HauuM uepe3 r; Takoe r < o, Ha KOTOPOM
byHkums Py, o (2 < A, < 2 + 727°) gocturaer cBoero
cynpemyma. OueBHIHO, YTO

sup f(z)g(x) < sup f(x)supg(x), (19)

zeX zeX zeX

rae f(x), g(x) > 0 —- npou3BoJIbHbBIC GYHKINU, a X —
HEKOTOpOe MHOKecTBO. Torma st mo6oro x < zp B

cuiy npencrasieHus (18), samevyanus (19) u Hempe-
PBIBHOCTH pacrpeieeHrs CIydailHOU BeJIMYUHBI A,
MpU 10001 runotese no jemMme 3.1 umeem

7'n—2Pn_’1 {;C <A, <z+ 7'721+B} _
=7, 2En0exp{A,} 1 {z <A, <z 472} <
<7, %exp{z+72t7} x
X Enol{z <A, <z+72tP) <
<7, %exp {0+ 7517} x
X Ppof{z1 <Ay <o +710} =
=7/ exp {$0+7',21+ﬁ} x
X Pro(An <21+ 727) — Poo(An < 21)

215
>< {
Topt
_ 1 + ,b 7_7:275_’_
t Ia,b 2
+b2Ca,bt ( o 3) xy + 128 N Vet
3vTs \tly  2) Y\ /T, 2
x V0t _
— LR D2 7B
t/ Lo 2

+ 0(1)} = TE exp {a:o + 7'721*'5} X

1 X1 \/Iabt
- 1 0.
x{t —Ia,b(p<t —Ia,b+ > >+o( )}-»

HTak, ycioBure BBITTOJHEHO.

= Tf: exp {:co + 7',21"'5} X

T _|_7—3+ﬁ + \/Ia,bt> B
2

t Iab

)

o

4.2 Yciaosue 2

B cumty HenmpepbIBHOCTU pacrpenesieHus ciaydaii-
HOI BeWUMHBI A, TIpM 00eMX TUIMOTe3aX B Kaue-
ctBe D,, ; MoxHO BbIOpath R™. Torna Bce ciyvaiiHble
BEJIMYMHBI «C BOJIHOM» TOXIECTBEHHO PaBHBI COOT-
BETCTBYIOIINM CIYyYaifHBIM BETMYMHAM «0€3 BOJHBI» U
durypupyloime B 3a1MCcH S,, TTOCIEAOBATETBHOCTH .,
1 b,, paBHBI TOXXIECTBEHHO t 11 — I, a7bt2 /2 COOTBETCTBEH-
HO.

Honoxum v, =n"",0<v < 1/8.

ITyHkr (i). OueBuneH npu BLIOPaHHBIX D, ;.

Iynkr (ii). [ng unaukatopa 1., o) (|An|) cnpasen-
JIMBa CIIeIyIOIast OLleHKa:

JANS m
1<%,oo><|An|>s(—' ') ,

n

(20)
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e m — MPOM3BOJbHOE HeoTpHUIaTeIbHOE Yuncio. [1o-
soxuM m = 1. Toraa, ucnomns3ys JeMMy 3.3, uMeeM
-2 -1 2
Tn Tn EnyoAnl(%l,oo)OAnD S
-2 -2 3
S Tn ’Yn En70|An| S

< Cln2u+1/2—3/4 _ Cln21/—1/4 —~0

1
ann—>oon0<u<§,

rae C 1 — ITOJIOKUTECJIbHAsA KOHCTaHTa.

ITynkr (iii). [Tomaras B (20) m = 2, mo temme 3.3 mmeeM

7’72En.,0 eXP{AnHAnH(WHOO) (|An |) <

n
< 7'7:2'77:2En.,0 eXP{An}|An|3 <

S 7—1:2/71:2\/En,0 eXp{2An}En,0|An|6 S
< n2u+1/2 /C2n_3/2 _
_ \/C_2n21/+1/2n—3/4: \/C_2n2u—1/4 =0

1
HpI/In—>OOI/IO<V<§,

rae C2 — ITOJIOKMTECJIbHAA KOHCTAaHTA. 3,[[er MCITIOJIb-
30BaHO JICTKO ITPOBEPACMOC COOTHOLICHHUE

Enoexp{24,} = O(1).

4.3 VYcaosue 3

Bribepem mocienoBatenbHocTd ¥(n) u ¥(n) Ta-
KUMMU:

2n
(22)

U(n) =nt?,

r7e v — KOHCTaHTa, (purypupylolias B mokasaresie cre-
MEeHU TOCIeN0BaTeIbHOCTU 7, YCJIOBUSA 2, a § — U3
yeaoBus 1. Takue TmocienoBaTeIbHOCTU OYIYT YIOBIIC-
TBOPSITb BCEM TpeOOBaHMUSIM, 0003HAaYEHHBIM B (hOp-
MmynupoBke ycioBus 3. Ilo pesynsratam paboThsl [1]
MOJIOKUM

2 3
HmN(O, 741) Capt ) ;
3
t2Iab tzfab
A~ — ’ : .
N( 2 72

B paborte [1] Takke ObLIO MOKa3aHO, YTO CilIydyaiiHbIe
BeJTMuMHBI I 1 A He3aBUCUMBI.

ITynkr (i). [IpeobpasyeM g, ; crenyromum odbpasom:

dn,l = (jn,l(s) + Rl(S) 5 l= 07 1 5

rae

1 . _
dn,i(s) = T E.oexp {isAy} (7, 1An)l+1 ;

0
Ri(s) = Epoexp {isAy} / e ™ —1)dz.
™ Ay
Jlnst R(s) cripaBeminBa CIeaytoliast OlleHKa:
|Ry()| < |s|mnEno |7 An] 72
IIpu | = 0 mo temme 3.3 UMeeM
[Ro(s)] < |s|7, 'EnolAn|® < Cylsln =14,

roe C3 — TojoXuTeabHass KoHcranTa. Ilpu [ = 1 o
jgeMMme 3.3 uMeeM

|R1(s)] < |slmy *Enol Anl® < Calsln ™%,
rie Cy — TIOJIOXKUTENbHAsI KOHCTAHTA.

Tak kak U2 (n)n~/* — 0, T0

/ \Ri(s)|ds — 0, 1=0,1.
[s|<@(n)

Tornma st moKa3aTeabCTBA CIIPABEUTMBOCTH YTBEPXKIE-
HUIi MyHKTa (i) 10CTaTOYHO OY/AET YCTaHOBUTD, UTO

| / (@na(s) — a(s))ds
[s|<W¥(n)

J1Jis 5TOrO TI0 TEOPEME O MAXKOPUPYEMOI1 CXOIUMOCTH
JOCTATOYHO TIOKA3aTh MOTOYEYHYIO CXOAUMOCT §y, 1 ($)
K ¢i(s), a TakKKe CylIeCTBOBaHWE WHTETPUPYeMOW Ha
|s| < ¥(n) yHkumm r;(s) TaKoi, 9TO Gp 1 (s) < 77(s).

—0,1=0,1.

Cayyaii Il = 0. [1o nemme 3.4 MOXXHO 3amucarthb

En.o exp{isAn}(Tn_lAn) =
= —bn®/* f11(s)Eg exp {is My (X1)} gn(X1) =
= —bn®* £ (s)Eo (1 + 615, X1))gn(X1)

rae
101 (s, X1)| < |s[Mn(X1)] -

Io temme 3.2 st |s| < ¥(n) ¥ IpU TOCTATOYHO OOJTb-
LIKMX 12

n — € 52 € 2
st <o) o)

Torna o aiemmam 3.2 u 3.5
}En,O exp{isAn}(TglAnﬂ <

2
< bn®/4 exp {— €25

2 (a0 +

WHOOPMATUKA U EE TPUMEHEHUWS Ttom 4 Bbimyck 3 2010 55



0. 0. JIamun

+ [s[Eo| My (X1)gn(X1)]) <
2
< bn®/* exp {—%} (C5n_3/2 + Cs|s|n_5/4) =

682

=ro(s) = bexp{—%} (C5n_1/4 + CG|S|) ,

rae Cs, Cg — MOJOXUTEbHbIE KOHCTAHTHI. Tak Kak
byHkuwms o (s) uHTerpupyema Ha |s| < ¥(n), To Tpe6o-
BaHUE OTPAHUYEHHOCTH Jy, o ($) MHTETPUPYEMOii DYHK-
L€l BEIOMHEHO. TToKaXkeM ITOTOYEYHYIO CXOAUMOCTh

dn.0(s) K qo(s), T.e.
Enoexp {isA,} (7, " An) — Eexp {isA}II.
HNmeem
Eexp{isA}II = Eexp {isA} EII =0,
ITIO9TOMY JOCTAaTOYHO IMOKAa3aThb, YTO AJIA moboro s € R

TﬁlEmo exp {isA,} A, — 0.

n

ITo temmam 3.4 1 3.6 mwisg mo6oro s € R nmeeMm

Enoexp{isA,} (7, 'Ay) =
= —bn®/* 11 (s)Eg exp {isMy (X1)} gn(X1) =

is(is — 1 Ia tz n—1
= —bn®/* (1 + islis — Dlaat” + o(n_l)) X

2n
. 3
% (bCa,b(l + ZS)t T O(n_3/2)) 0.

3n3/2

Cayyaii Il = 1. 1o nemme 3.4 3anuiiem

En.o exp{isAn}(7'7:1An)2 = b2p3/? fg’/[;2(s) X
x (far, ()Eq exp {isM, (X1)} g2(X) +
+ (= 1) [Eo(1 + da(s, X1))ga (X))
rae
82(s, X0)| < Isl|Ma(X0)].

IMo tlemme 3.9 st |s| < ¥(n) ¥ IpU TOCTATOYHO OOJTb-
HIHX N

(n—2)eas

i <e —ﬁ
n =P 3 '

Torma o temmam 3.2 1 3.5

F272(s)] < exp {—

}En,O e;<;p{is!\n}(7',:1An)2 } <

2
< b2n3/2exp{—%} X

x (Eogi(Xl) + 1 |Eogn (X1)? +
+ 2n|s|[Eogn (X1)[Eo| Mn (X1)gn (X1)| +
+ n5? (ol Mo (X1)gn (X1)])?) <
2
< b2ns/? exp {—%} X
X (077173/2 + Cg’ﬂiQ + Og|$|n77/4 + 010527’1,73/2) =
2
=7r1(s) = b%exp {——62; } X
X (C7 + Cgn Y2 + Cg|s|n_1/4 + 01082) )
rme Cr, Cg, Cy, C1p — TOJIOXUTEIbHBIE KOHCTaH-
Thl. Tak Kak r(s) uHterpupyema Ha |s| < ¥(n), T0
TpeGOBaHUE OTPAHUYCHHOCTH Gy, 1(S) UHTETPUPYEMOI
(yHkimeir BeimosHeHo. [lokaxkeM MOTOYEUHYIO CXO-
IMMOCTb G, 1(8) K q1(8), T. €.
Enoexp {isA,} (1,1 A,)? — Eexp {isA} 12,

Nmeem

Eexp {isA}II?> = Eexp {isA} EIT* =

4b2Ca7bt3 Sztzfa)b iStle)b
= ——""exp<{ — - :
3 O 2 2

ITo nemmam 3.4 u 3.6 s mo6Goro s € R mmoiaydaem
Eno exp{isA, } (1,1 A,)% = b2n3/2f]’\‘4;2(s) X
x (far, (9)Eo exp {isMa(X1)} g2(X0) +

+ (n = 1) [Eo exp {isMo(X1)} ga (X)) =

T 2 n—2
— 1232 (1+ is(is — 1) 1ot —i—o(n_l)) «
2n
is(is — 1) 1o pt>
X l (1 + is(és — Dlast” +o(n1)) X
2n

3
X (4Ca’bt +0(n3/2)> +

30372
B2C2 (1 + is)2t5
+(n-1) ( ’b( 3 ) + o(n*3) —
9In
. S2t2fa)b iStzLLb «
N _ _
P 2 2
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4b%C, 13
X |1 x = bt + 0} =
3
- 4b20a)bt3 . _82t2Ia7b _ i8t2la7b
T3 %P 2 2 [

IMynxT (ii). MUcnionb3ys (21) u (22), monydum
U(n) =1log ¥(n)¥1(n) = <5 +2- Z) logn .

Tpernii npenen. B coorBercTBUM € (9) MOXHO 3amucaTh

fs,.(s) = (fp.(s))" -

OueBuaHo, uto 7,, * > \i’(n) npu 6osbiux n. Torga o
nemme 3.8

sup
¥ (n)<[s|<T(n)

7 max(¥(n), 7, 1) |En,0 exp{isSy}| =

sup
nv/4<|s|<o1v/n

[ sup IfDn(s)I] }—
o1y/A<]s|<nB+2

= \/ﬁmax{exp{—eln”m}, qg} — 0mpu n — oo.

= \/ﬁmax{ [ |fDn(3)|] ’

IlepBoblii npenen. B cooTBeTcTBUU C JeMMoiit 3.4 U He-
paBeHcTBOM Ko1m—bByHSIKOBCKOro uMeeT MecTo clie-
Qyro11ast OLeHKa:

|Eno exp{isSu}An| < bn|fp, (s)|" " Eo lgn(X1)| <

< Cuvnlfp, ()",

rae C'11 — nojoxuTenbHag KoHcTtaHTa. ITo nemme 3.8
a71st Beex |s| < ogy/nnpun > 2

o, e {- DA o [

n
Torma aHamoOrnyHO CJIyqyaro TpETLETO IIpeacjia

7720 (n) sup

T (n)<|s|<T(n)

|E;0exp{isSy Al <

Elny/Q n—1
D) y g e

— 0nopun — oo,

< 012n3/4 log n max {exp {—

rae C12 — HEKOTOpast TOJIOKUTETbHAsI KOHCTAHTA.
Bropoii npeaen. B coorBeTcTBUY C (8) MOXHO 3amucaTh

fa, (s) = (o, ()" -

Torma mo nemme 3.9, MOBTOPSISI CXeMy 0Ka3aTebCTBa
IUTST TIEPBOTO TIpeiesia, UMeeM

m tmax ((n), (871 (1) = T ()7, 1)

X sup |E, 0 exp{isA,}| =

T (n)<|s|<T(n)

1 1
=n|— - —= ] x
\/_(nl//4 nﬁ+2>

X max {exp {—6271”/2} , qﬁ} — 0npun — .

Jloka3aTeJIbCTBO PaBEHCTBA 3TOTO Ipenesia HyJIo 3a-
BepIIaeT MPOBEPKY YCIOBUIA TEOPEMBI.

5 3axiiiouyeHue

Tenepb MOXXHO MPUMEHUTH Teopemy 3.2.1 u3 pado-
ThI [5], a 3HAUUT,

—_

Jim Vi (8] = Ba) = 5 €™ D (A = @) p (i) ,
Tae g = <I>f1(1 — «v). U3 ycrmoBus 1 (M. IpeapImyIniz
paznen)

Lo pt?

ﬁoc = t\/ Ia,bua - 2 ;

e u, = ®71(1 — «). Torna

pie) = ()| = —

—— (uy) -
T=1q Ia,bt SD( )

Tak KaKk ciydaiiHble BeqMunHbl 11 1 A He3aBUCUMBI,
10 D(II|A = 1n) = 4b2C, pt3/3. Tlocne 0ueBUAHBIX
peoGpa3oBaHuii OKOHYATETBHO MOJTYYaeM, YTO

. ~ ~ 20%C,, t*
%D (I|A =1ia) pliia) = # o(tia—t\/Top) .
a,b

)

N =

Takum o6pazoM, mmosydeHo (opMalibHOE J0Ka3aTelb-
cTBO (hopMyibl (3).
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HEKOTOPDBIE ACITEKTbI BbIBOPA TEXHOJIOT U
JUIA TIOCTPOEHUA CUCTEM OTOBPAKEHHW A
NHOOPMALIM CUTYALMOHHOI'O LIEHTPA

A. A. 3auapunnsiit’, K. T. Yynpakos?

AnHOoTamusa: PaccMOTpeHBI OCHOBHBIE 3Tallbl BHIOOPA CHCTEM OTOOpaxkeHUsSI MHGOPMAIIUK CUTYalITMOHHBIX 1IEH-
TpoB (CILI), cpean KOTOpbIX BbIAEIEH 3Tar BIOOpa TEXHOJIOTUK. PaccMOTpEeHbI TEXHOJIOTUM CUCTEM OTOOpaKeH s
nHdopmarmu (CON), ucronnzyemoie B CLL. [1peanoxeHnsl ocHoBHbIE MapaMeTpbl COU u MeToauueckuii moaxon
K BBIOOpPY TEXHOJIOTMM HAa OCHOBAaHUU METOAa UCKITIOUEHUSI TT0 TTapaMeTpaM.

Kiouessie ciioBa: crcteMbl 0TOOpaxeHUs] MHPOPMAIIMU;, CUTYAIIMOHHBIN LEHTP; TEXHOJOTUU OTOOPaKeHUs

nHbopManun; podieMa BIOOpa, METO UCKITIOUSHUST

1 Bsenenwue

B Hacrosiiee Bpemst pe3ko Bo3poc MHTepeC K CUTY-
allMOHHOMY TOJXOAY B pa3lWyHbIX chepax yeroBeye-
ckoit nesitenbHOCTU. Cosnatorcs CLI rocynapcTBEHHBIX
OPTaHOB YIIpaBJIeHUS W CUJIOBBIX BenoMcTB. Ha Kpyrti-
HBIX TIPEOMIPUSITUSX CO3MAI0TCS CIIeIIMATbHBIC IICHTPHI
IJIST aHanmM3a PaOOTHI TIOApA3NeNIeHU ¢ MCIOIb30-
BaHUEM METOIOB CHUTYallMOHHOTO MOJEIMPOBAHMS
JUIST TIPOTHO3MpPOBaHUsI coObITUil. B obpa3oBaTtesb-
HBIX VIPEXKACHUSIX BHEIPSIOTCS METOIBI CUTYaIlOH-
Horo ooyueHwms [1-3].

[Ipu aToM ocHOBHas 3amavya coBpeMeHHOro CLI —
TMO/IepKKa IIPOIIECCOB TIPUHSATHUSI PEIICHUN ITOJTHO-
MOYHBIM JIOJIKHOCTHBIM JIMIIOM MJIM OPTaHOM Ha OCHO-
BE CO3JaHMSI HATJISIAHBIX MpeacTaBieHUil (0Opa3oB)
BO3HMKAIOIINX CUTyallMii B IOOKOHTPOJIBHOU cdepe
¥ BU3yaJIM3allu pe3yIbTaTOB MX aHaAIM3a B HauboJee
yIOOHOM TS TIpUHATUS pemieHus Bune [4]. Kpome
toro, CLI momkeH obecrieunBaTh NpeaocTaBieHNEe Py-
KOBOIMTEJIIO HE TOJIbKO PEe3yJIbTaTOB aHaIn3a TeKyIen
CUTyallM¥, HO W TEHIEHLIMI €€ pa3BUTHS, TO3BOJISI-
FOIIMX MTPOTHO3MPOBAHNE MTAaTbHEHIIETO pa3BUTHS CH-
Tyauuu [3, 6].

B crpykTypHO-byHKIIMOHAMRHOM T1aHe CLI mpen-
CTaBJISIETCS KaK B3aMMOYBSI3aHHAasi COBOKYITHOCTh TPeX
KOMITOHEHTOB:  MH(OPMaIIMOHHO-aHAJUTUIECKOTO,
MHOOPMAIITMOHHO-TEXHOJOTUYECKOTO U TEXHUYECKO-
ro [1]. TlepBbIii KOMIIOHEHT OMpeAcisieT IepedyeHb
TUTIOBBIX (DYHKIIMOHAIBHBIX 3amad, permaeMbix CLI B
paMKax 3alaHHOW MpeIMEeTHOW 00J1acTH, BTOPO —
TEXHOJIOTMU MX PEUICHUs] U COOTBETCTBYIOIIUE IPOT-
paMMHbIe KOMILJIEKCHI, TPETM — aIlmapaTHO-IIPOT-

paMMHBIE KOMILIEKCHI,
forue 3agauu ClLI.

OmHUM 13 HamboJiee CIIOXKHBIX JIEMECHTOB TEXHU-
yeckoro KomroHeHTa sBisieTcst COU.

CpenctBa 0OTOOpakeHMST BU3yallbHOIT WMHMOpMa-
MY — MOIITHBINA 1 3P (PEKTUBHBIN MHCTPYMEHT, TT03BO-
JISIIOIINI 00eCTIeYnTh BUPTYaJIbHOE TOrPYXKEeHHUE Orle-
patuBHoro mrada CLI B ycJIoBUsI peaabHOI CUTyallUU.
N s dexTuBHOCTD MPUHSITOrO PelIeHUss BO MHOTOM
3aBHCHUT OT TOTO, HACKOJIPKO KaueCTBEHHO ITPOM30IILIO
B3aUMOJEICTBIE MeX Iy MH(POPMALIMOHHON CUCTEMOI
W1 JULIOM, MpUHUMAalouM peleHue. [loatomy mpa-
BUJIbHBII BHIOOP CPEACTB OTOOpaxkKeHUsI MH(GOpMauUn
SIBJISIETCS] OMHOM M3 KIIIOYEBBIX 3aJay TpU pean3a-
i CLI.

ITpoonema Beioopa COU pist CL mpencraBisieT co-
0011 3aa4uy TpyIIoOBOTO BhIOOpa [ 7], B KOTOPOI yUUTHI-
BalOTCSI U CBOMCTBA caMOTO O0OpPYIOBAaHUS, U BOIIPO-
CBI OPTraHM3aIIMOHHOTO B3aMMOICHCTBUSI, I, KOHEYHO,
MOJIHASI CTOUMOCTb PeIIeHMUSI.

Pemenue 3amaum BbeIOOpa CpeACTB OTOOpaxKe-
HUS BU3YAJIbHOU MHMOPMALIMU MPEIJIaraeTcsl OCylle-
CTBJISITh B TPY 3Tama:

HEMOCPECACTBECHHO pPEaIn3y-

(1) mocraHoOBKa 3amayd U OOOCHOBaHWE HalpaBie-
HUW ee pelleHus;

(2) BBIOOD TexHOMOTMY I co3manus COU,;

(3) BBIOOp TEXHUUYECKUX CPEICTB, 00ECIICUNBAIOIINX
cozmanne COM B COOTBETCTBUU C 3adaHHBIMU
TpeOOBaHUSIMU.

Brinenenue BbIOOpa TEXHOJIOIMH B OTAEIbHBII 3Tall
CBSI3aHO C TEM, YTO TEXHOJIOTHSI, Ha 6a3e KOTOPOii pe-
aJIM30BaHO CPEACTBO OTOOPaKEHMsI, B 3HAUMTEIbHOM

"MucturyT npo6iem nndopmatnkn Poccuiickoii akaneMny Hayk, AZatsarinny@ipiran.ru
2WuctutyT npo6aeM mHdopMaTKu Poccuiickoit akagemun Hayk, chkos@rambler.ru
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CTEIeHU OIpeNesIsIeT ero XapakKTepUCTUKU M YCIIOBUSI
aKcrutyaTauu. [Ipr 3TOM MOSBIIsSETCS BO3MOXHOCTh
B3[JISTHYTh Ha CYTh TEXHOJIOTUU U BBISIBUTH €€ BO3MOXK-
HBIE CclTabble MeCTa BO BPeMsI peau3allii U SKCILIY-
aTalmy CUCTeMbl oToOpaxkeHus. Kpome Toro, Takoi
MOIXO[I TO3BOJISIET 3HAYUTENIBHO CY3UTh KPYT IMOTEH-
LIMAJBbHBIX PEIIeHW 3amadyn BbIOOpa. TexHoJorws,
MpU3HAHHAS HEMPUEMJIEMOM, ITO3BOJISIET MCKITIOUNTh
W3 paCCMOTPEHUS BCE BO3MOXKHEBIE peIlleHNsI, KOTOPhIe
OCHOBAHBI Ha 3TOI TEXHOJIOTHH.

B craTbhe paccMaTpuBaloTCst O0IIME METOAUYECKUE
TTOIXOIBI K BEIOOPY TEXHOJIOTUH CPEICTBa OTOOpaske-
HUsI, a TAKOKE TIPUBOISITCS Pe3YIbTaThl CPaBHUTEIIEHOTO
aHaJIM3a TeXHOJIOTUIA.

2 TlocraHoBKa 3a1ayu U OOIIIUIA
METOINYECKUI TTOIX0M K BRIOOPY
TEXHOJIOTUN

CoszngaHue J1I000r0  MpOrpaMMHO-annapaTHOroO
KOMIUIEeKCa TOJDKHO HAYMHATBCST ¢ KOPPEKTHOM IocTa-
HOBKM CHCTEMOTEXHMYECKOM 3amavyu, BKIIIOYAIOIIeH
HECKOJIbKO I1aroB:

— OCO3HaHHue¢ HEO0O0XOIUMOCTHU B pcajinsaliunu
IIporpaMMHO-aIIIapaTHOro KOMILJICKCA,

— (opMupoBaHue MPUYMH, OOOCHOBAHUE IOIyda-
€MBbIX TIPEUMYIIIECTB, BBISIBICHUE MTOTEHIIMATBHBIX
PUICKOB U CJTa0bIX MECT;

— OIIEHKY MaTepHalbHBIX, OPTaHN3aIIMOHHBIX U Je-
JIOBEYECKUX PECYPCOB, MMEIOIIMXCS B PACTIOPSIKE-
HUU ¥ HEOOXOIUMBIX JUTS pEIIeHUsI 3a1aul;

— dopmupoBaHUe OOIIIETO 3aMbIC/Ia CUCTEMOTEXHU -
YecKoil 3aiauu ¢ ompenesieHueM Iiefieil, 3amad u
KPUTEPUEB;

— dopmupoBaHue yCIOBUS 3aa4M: TpeOOBaHMsI, 1a-
paMeTpbl, KpUTEPHH.

IIpu aTOM MocTaHOBKa 3aJayd AOJIKHA OMUPATh-
Ccsl Ha OCHOBOIMOJIATaloLIe TPUHLIUIBI, OMUCAHHbIE
B[S, 9].

OO01MiT METOIOJIOTUYECKUIA TTOAXO0/ BKITIOYALT:

— 00OCHOBaHME TIepedHs TpeOOBaHMI M TTapaMeT-
POB, BbIABUTACMBIX CO CTOPOHBI TPEX KOMITIOHCHTOB
IpOorpaMMHO-aImnapaTHOrO KOMIIJIEKCa: TEXHOJIO-
TMYecKoro, (yHKIIMOHAIbLHOTO, YeJIOBEYECKOro:
R= {Ti|2': 1,...,p};

— ompelesieHre COBOKYITHOCTH MCXOIHBIX YCJIOBUI
M = {m;|lj = 1,...,q}, BKIIOYass HOPMATHBHO-
MPaBOBbIE, OCOOEHHOCTU MPOEKTUPOBAHUA, BO3-
MOXHOCTM ¥ TEHAECHLIMU TEXHOJOTUI CUCTEM
OTOOpaXKEHUS;

— dopmupoBaHue 00IIMX aTbTepHATUB S = {s,|n =
= 1,...,v} nocTpoeHuss U (GYHKIMOHUPOBAHUS
CHCTEMBl OTOOPaXKEHUsI, MPEICTABISIONIECH CO-
0Ol CIIOXKHYIO CHCTEMY U3 HECKOJBKHX KOMIIO-
HEHTOB, ONMKCHIBAEMYIO MHOXECTBOM MTapaMeTPOB
X, = {«}|k = 1,...p+ q}. Taxum obGpasom,
CYILIECTBYET MHBEKILUS . U3 S B p + g-MepHOE
MPOCTPAHCTBO HAJI IOJIEM BEIECTBEHHBIX YUCE U
Kakaasi ajlbTepHATHBA S,, TIPEICTABIISIETCS B BUIE
BekTOpa X, = ¢(sy,) U3 eBKJINI0BA IPOCTPAHCTBA
Pa3MepHOCTH p + g HaJl TIOJIeM BEIIECTBEHHBIX YK~
cel;

— BBIOOP OCHOBHOTO KpUTepHsi — rokasaTesnst a¢-
(dexTuBHOCTH E Ha MHOXECTBE aJIbTEPHATHB: CO-
MOCTaBJICHUE KaXIOW albTepHaTUBE U3 S HEKO-
TOporo BelllecTBeHHOTO uncia E(s). OcHOBHOM
KPUTEPUIl TOTKEH COOTBETCTBOBAaTh OOOCHOBAH-
HOMY 3HaUY€HUIO LIEHHOCTH TOM WJIM UHOI aJibTep-
HATUBbI B JaHHOW KOHKPETHOM 3a1aye.

Takum obpaszom, B 0011IeM BuUIe ITOCTAaHOBKA 3a1a-
YY 3aKJII0YaeTcsl onpeneseHu TOro HoMepa 2, KOTo-
DbIif MAKCUMM3UPYET KPUTEPUI LIEHHOCTU F, COOII0-
J1ag TIpY 3TOM Bce HeOOXOIUMBbIe YCIIOBUS 3agaun M :

E(X,) = E(e(s2)) = leEliXE(Xn).

CdopMmynupoBaHHasl 3aja4ya HOCUT ONMTUMM3ALIM-
OHHBI XapaKTep U MOTOMY C TOYKHU 3PEHUST TEOPUU
HCcleNoBaHUs onepaluii Habop X, SBISIETCS OMNTH-
MaJIbHBIM HaOOpOM TTapaMeTpOB.

Bropoii 0cOO0EHHOCTBIO IIOCTABICHHOW 3amadyu
SIBJIIETCSI €€ CJIOXKHOCTB BBUAY OOJIBIIIOTO 00BheMa MH-
¢dopMalu, KOTOpPbIII HEOOXOAUMO TMOJYYUTh, (Op-
MaJiu30BaTh U MpPOaHaAJIU3UpPOBaTh. s ympolieHus
MOXHO BOCIOJIb30BaThCsl MPUHLIMIIOM MapTUHalb-
HOCTH [8], mpemycMaTpUBaIOIIVIM:

— JEKOMIO3UIIMIO O0IlIei 3aJauyn Ha pAd YaCTHBIX,

— ONTUMM3ALMIO OAHOTO M3 MMapaMETpPOB IIPpU 3ada-
HUU OTPpAaHMYCHUMA Ha OCTAJIbHBIC ITapaMETPhI,

— 00OCHOBAaHHOE€ MPUMEHEHUE Cpa3y HECKOJBKUX
KpuTepueB 3¢ GEKTUBHOCTU E ¢ y4eTOM OCOOEH-
HOCTEN pelaeMon 3a1a4u.

B ocHoBy o01ero moaxoma K BbIOOpY cpencTBa
OTOOpaXkeHnsT MHMOPMALIMA M €ro TEXHOJOTMU JIO-
JKUTCS COBOKYITHOCTb TpeOOBaHMIi, OOYCIOBIEHHBIX
HOPMAaTHBHBIMU TOKYMEHTaMU, ITPABOBBIMM aKTaMU,
TEeXHUYECKMMU OCOOEHHOCTSIMU U BKOHOMMYECKOI
ompaBaaHHoCThIO [10] (puc. 1).

dakTyecKn BBIOOP TEXHOJIOTMH OCYIIECTBIISIETCS
B TpU 3Tara.

Ha nepBoM — cocTaBisieTcsl TMOJHBIN TepeyeHb
TeXHOJIOTUI, Ha 0a3e KOTOPBHIX BO3MOXHA peajin3a-
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HCKOTOpBIC ACIIEKTbI BbI60pa TEXHOJIOTUM AJIA MOCTPOCHUA CUCTEM 0T06pa}KeHI/I$I I/IH(I)OpMaI.[I/II/I CUTYyallMUOHHOTO LIEHTpPa

CuctemHble

SproHommyeckue

TpeboBaHusA

¢COBMECTUMOCTb C UICTOYHUKaMM
¢CoOTBETCTBME CTaHAAPTaM
ePelleHme oT ogHOro

OpraHn3aunMoHHO

dopmurpoBaHue obLero

3ambicna noctpoenua COU

TpeboBaHuA

ro M CUCTEMHOTIO
eCootseTcTeue NOCT

©JKOJIOTMYHOCTb

npoussoguTena

eHasnnumne HeobxoaMMOro \

*Yno6cTBO HabAOAEHUA

/

MPOCTPaHCTBa

O6ocHoBaHMe TpebosaHuii K COU

e

\

/

Bbl6Op BO3MOMKHbIX
BapMaHTOB TEXHONOTMI

\

\

JKOHOMMKO-MPaBOBbIE
TpeboBaHuA

/

Bbibop nokasatenei
AN CPABHUTENbHOM OLEHKM

edenepanbHbIi 3akoH Ne 126-d3
oT 26.07.2006 «O6 nHpopmauum,
MHPOPMALMNOHHbIX TEXHONOTUAX

\

1 3alumTe MHbOPMaLUN»
ePeKkomeHaunm POCCUMCKUX

' N MEXAYHAPOAHbIX MHCTUTYTOB

CpaBHWUTENbHAA OLEHKa

CTaHAapTM3aLum
e[1porHos byayumx notTpebHocTen

dyYHKLMOHANbHbIE

¢[1pOrHo3 pa3BuUTUA SKOHOMUKH
¢CTOMMOCTb rOTOBOTO peLleHuns

TpeboBaHuA Y

Y ¢CTOMMOCTb BNageHnA B TeveHne

TN KOHTEHTa

Bbibop noaxoaawmx TeXxHoAormm

CPOKa 3KCnJyaTaLmm ¢ y4éTom
BO3MOKHbIX MOJIOMOK

eCLeHapumn oTobparkeHus
*MHOTOOKOHHbIE PEXUMbI

1 3anN1aHUPOBAHHbIX
MoZaepHU3aLmi

eHenpepbIBHOCTb 3KCMN/yaTaLLUm
eHapéxHocTb

eGloaKeT npoeKkTa
‘npOFHO3 Pa3BUTUA TEXHOI0TUN

Puc. 1 OGH.IaH CX€Ma METOANYECKOTO Mmoaxoaa K BbI60py TEXHOJIOTUU CUCTEMbI 0TO6pa)KeHI/I$I I/IH(I)OpMaL[I/II/I CUTYyallUOHHOTO

LIEHTpa

1M1 annapaTHO-IporpaMMHOro Komiuiekca. [1pu atom
HEOOXOIMMO YUMTHIBATh CYIIECTBYIOIINE TPeOOBaHMSI
KOHKPETHOH 3a1auM, KOTOPLIM Pe3yJbTUpYIOIIasi CUC-
TeMa J0JKHA COOTBETCTBOBAThH 0€3yCIOBHO.

Ha BTOopoM — mnpou3BoauTCS BLIOOpP MoKa3aTenei
JIJIS1 CpaBHUTEIbHOM OLIEHKHU OTOOPAHHBIX TEXHOJIOTUA.
B nanHOIi cTaThe MpemioXeH OCHOBHOM HA0Op TaKuX
noKa3aTeJen.

Ha tpetbeM — peanusyercsl HeKOTOpas MeTOA-
Ka, peaiaramuiasi airopyuT™M paloHaJIbHOTO BbIOOpa
peuIeHusl.

3 OcCo0EeHHOCTH COBPEMEHHBIX
TEXHOJIOTUIA CUCTEM
OTOOpaxXeHus

CoBpeMeHHBIC CUCTEMBI 0TOOpakeHUs MHMOopMa-
IIUY CUTYAIIMOHHBIX IIEHTPOB CTPOSITCS C MCIIOb30Ba-
HUEM CJIeIYIOIINX TEXHOIOTHIA:

— IUJIa3MEHHOM;

WH®OPMATUKA U EE IPUMEHEHUSA Tom 4 BbIMyCK

— KMAKOKPHUCTAJUIMYECKOM
— IMPOEKILMOHHOMN;
— CBETOOUOIHOIA.

B aT0T nepeveHb He BOLUIA TEXHOJIOIMU ITeYaTaHUsI
Ha OYMaKHBIX HOCUTEJISIX, KOTOPbIE HOCSAT JOCTATOUYHO
cneUYHBI XapakTep W TpeOyloT, BOOOIIE TOBO-
psi, MHOTO TIO/IX0/Ia K UX BBIOOPY, a TAKXKEe TEXHOJIOTHS
CRT, unu DJIT (cathode ray tube, 21eKTPOHHO-JTyueBast
TpyOKa), KOTOpasi He MCIIOJIb3yeTCs MPU pealn3alun
CUTYaLIMOHHBIX LIEHTPOB.

3.1 Ilna3zMeHHas TEXHOJIOTUA

K mpenMyIiecTBaM TiIa3MeHHOI TeXHOIOTHH MOX-
HO OTHECTU TMOYTM MTHOBEHHYIO peaklMio Ha M3Me-
HEHUS U300paKeHUs, TPAKTUYECKH MOMHBIE YIIIbI 00-
30pa, KAauecTBEHHYIO LiBeTorepenauyy. Kpome Toro,
TUIa3MeHHasT TeXHOJIOTHSI CIOcCOGHA IaBaTh SIPKOCTD
6osee 1000 ki/m2.

K OCHOBHBIM HEIOCTATKAM IIa3MEHHOI TEXHOJO-
MU MOXHO OTHECTHM CYLIECTBEHHOE IHEPrornorpeo-

3 2010 61



A. A. 3auapunnwii, K. I. Yynparos

JIeHWEe U BBICOKOE TerioBbiAeneHue. I[loaTomy mio-
0asl TUIa3MeHHasl MaHesdb cHabxaeTcs 3(hdeKTUBHOMN
CUCTEMOI OXJIaXAEHUS U UMEET AOCTaTOUHO HU3KUI
KII.

JpyrumM cepbe3HbIM MUHYCOM TIa3MEHHOM TEXHO-
JIOTUM SIBJISIETCS OTHOCUTEIBLHO HETOITUIA CPOK CITYXK-
ObI, 0OCOOEHHO B TeX cJydyasx, Korja Ha JUCIIe Ha
JJTATEIbHOE BpeMsl BBIBOAUTCS CTATUUHOE M300paKe-
Hue. [lpuynHO TOMYy — YCKOpEeHME BBITOPAHMSI JTI0-
MUHO(POPOB.

Cepbe3HbIM OrpaHMYEHUEM TSI TIPOU3BOAUTENEH
TUTAa3MEHHBIX TUCIUIEEB SBJISIETCI MUHUMAJIBHBIN pa3-
Mep ITHKcesa, KOTOPBI He MOXET OBITh YMEHBIIIEH HU-
’K€ HEKOTOPOro Tpejena B culy (PU3UKO-XUMUUYECKUX
B3aMMOJENCTBUI, TPOUCXOAAIIMUX B MaTpulle. [To aToit
MPUYMHE CETrOoJHS He CYIIECTBYET IUIa3MEHHBIX JUC-
IJIEEB C OMAroHaJbI0 MeHee 32 MIOWMMOB. 3aTto g
0oJIbLIMX AuaroHajei (65 moiMoB 1 0oJiee) IIa3MeH-
HbIE IUCTIEN 0Ka3aJuCh CPAaBHUTEIBHO HEAOPOTUMU U
HaJEXXHBIMU.

3.2 KuakokpucTaaandecKasi TEXHOJIOT 1S

Kunxokpucraminyeckass TEXHOJOTMSI — Mpolilia
OIMH U3 CaMbIX IJWHHBIX MyTel B CBOEM DPa3BUTUU
¥ TIOTOMY YycCITeJla YCTPaHUTh OOJIBITMHCTBO CBOMX HE-
JIOCTATKOB, IIPEIOCTABIISAST B3aMEH MHOXKECTBO YHHU-
KanbHBIX npeumyinectB [11]. TexHosorust mo3BossieT
M3rOTaBJIMBaTh CPEJACTBA OTOOPaXKEHUs MPaKTUYECKU
J1I060r0 paszmepa, CoxpaHsis MpU 3TOM HaUOOJBIIYIO
TUTOTHOCTb OTOOpaXxeHusi uHopmauu. Beuay oTHO-
CHUTEJTBHO HEOOJIBIIIOTO TETUIOBBIICICHUS 1 SHEPTOIIO-
TpebaeHus nucriieeB Ha 6a3e KK -TeXHOI0ruu UMEHHO
OHM MCITOb3YIOTCS JIsI PAOOTHI B TSIXKEJBIX YCIOBUSIX
OKpYKarouleit cpebl.

IMpeumyinectBom KK-TexHonoruu mnepen Tias-
MEHHOI sIBJIsIeTCsl OoJiee ycToluMBasi paboTa co cTa-
TUYHBIM M300paXkeHWeM. TeM He MeHee M OHa MMeeT
OTpaHWYCHHUS TI0 3TOMY ITapaMeTpy — CO CTaTUYHBIM
n300pakeHNEeM peKOMeHIyeTcsI paboTaTh He boee 20 4
B CYTKHU.

K npyrum npeumymiectsam 2KK-texHomornu cro-
WUT OTHECTU BBICOKUI YPOBEHb SPKOCTU M KOHTPACT-
HOCTH, a TaK3Ke OOJIBIIINE YIJIBI 0030pa, UTO TTO3BOJISICT
paboTaTh ¢ AUCITICSIMU axKe TPU BBICOKOM SIPKOCTHU
BHEITHETO OCBEIIICHUSI.

K HemocTaTKaMm TeXHOJIIOTMU OTHOCUTCS HEepaBHO-
MEPHOCTb MOJCBETKU, PE3KOE YBEJIUUEHUE CTOMMOCTHU
MpU MPOU3BOACTBE MaTPUILl OOJBIION TUIOIIAAN W3-
3a MOBBIIIEHUS] PUCKa BOZBHUKHOBEHUSI OUTHIX MUKCE-
goB. Tak ke, KaK U TIpY TUIa3MEHHON TEXHOJOTHUH,
KOHTAKTHI TTOAXOASIT K MaTpUIle COOKY, TTO3TOMY IIpH
noctpoeHuu Ha 6aze KK-TexHosorum moiamskpaHoB
obpa3syeTcsl 3aMeTHBI 110B.

3.3 IlpoekuMoHHast TeXHOJIOI'MsI

[MpoexkimoHHasT TEXHOJIOTUSI CETOMHST PeaTu3yeTCst
B IByX BapuaHTax:

— CcOCTaBHasI — MPOEKTOP W IKpaH;
— BUIEOKYOHI.

ITpu aTOM cucTteMa MpoeKTOP—3KPaH MOXKET ObITh
(poHTaNBHOI U 3aHEeN Mpoeknu. PasHu1ia B TOM, UTO
B IIEPBOM CJIyJae HaOoIaTeNIh U TIPOSKTOP HAXOMSITCS
B OIHOM MOJTYIIPOCTPAHCTBE OTHOCUTEIIBHO TIIOCKOCTH
SKpaHa U MCHOJB3YyeTCs OTpaXkalolinii 3KpaH. B mpy-
TOM cjydyae HabjrofaTeslb U MPOEKTOP HaXOMSATCS IO
pa3Hble CTOPOHBI OT TPOCBETHOI'O IKpaHa.

BuneokyOnl ripecTaBisiioT COO0M CUCTEMBI 00OpaT-
HOM MPOEKIINH, CIIy>KaIllfe KaK HaCTPOSHHBIC TOTOBBIC
nucruieu, ucnobytomue DLP-npoekTopbl BHYTpY U
000pYyIOBaHHBIE CIIOXKHON 2JEKTPOHUKOU U MEXaHU3-
MaMM, HEOOXOAUMBIMU JIJ11 yIOOHOTO U 3(h(peKTUBHOTO
HCTIOJIB30BaHUSI.

Texromorust (popMUPYIOIIEH MaTPUIIBI BUICOITPO-
eKTopa ObIBAaeT CAemyIOIIuX BUI0B [12]:

CRT (Cathode Ray Tube);

DLP (Digital Light Processing);
3LCD (Liquid Cristal Display);
D-ILA (Image Lighting Amplifier).

Hawnbosee yacTo MCMONb3yeMOI SIBASIETCST TEXHO-
gorusi DLP, mockonbKy oHa MMeeT psifi YHUKaTbHbBIX
MIPEUMYIIECTB, HEOOXOAMMBIX JIJIST TIPUWIOXKEHUN KpU-
TUYHOUW BaXKHOCTU M KPYTJIOCYTOYHOM 9KCTUTyaTalluM.
CeronHst HaOonaeTcs miaBHbli nepexon B DLP-Tex-
Hojioruu oT ucnosb3zoBanus UHP-1amn k LED-non-
CBETKe, YTO obecreurBaeT 3HAYUTEIbHO Oosee Ty-
Ookue 11BeTa, OTKa3 OT MOABUKHBIX KOMIIOHEHTOB, a
TaKkKe He TpeOyeT OOCTyKUBaHUS B TeUEHUE HE MEHee
5 JIET UCTIONTb30BaHUSI.

3.4 CsetogmoHast TEXHOJIOTUS

K miocaM cBETOIMOMAHONM TEXHOJOTUU MOXHO OT-
HECTU BBICOKYIO HaJIeXHOCTb, IOJITMI CPOK CIIyKOBI,
YCTOMYMBOCTD K HU3KUM M OYeHb HU3KUM TeMIIEpaTy-
paM, BBICOKYIO ITPOYHOCTh. OHAKO IWCIUIEN, CO3IaH-
HbIe Ha 6a3e MaTPUILIbI CBETOINOAO0B, 00JIaTaeT KpailHe
HM3KOI MH(OPMATUBHOI €MKOCTbIO 110 CPABHEHUIO C
MpeabIIyIIUMKU TeXHoIorusiMu. Kpome Toro, cBero-
JUOIBI OBICTPO TEPSIIOT CBOM CBOMCTBA IIPU BBICOKUX
TeMIiepaTrypax ¥ IoTOMY TPeOYIOT 0COO0ro BHUMAaHUS
K CUCTeMaM OXJIaXKICHUsI.

CBeTOAMOAHbIE MATPULIBI CETOMHS MCIIONb3YIOTCS
B MPOEKIIMOHHOW W XKUIKOKPUCTATMICCKON TEXHO-
JIOTMU B KayecTBe MOMYJICH MOACBETK BMECTO OOBIU-
HBIX JIaMII. DTO TMO3BOJISIET 3HAYMTEIBHO YIYyYIIUTh
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KayeCTBO I/I306pa)KeHI/IH, a B Cllydyae ¢ MPOEKIMOHHOMI
TeXHOJIOTUEl obecreurnBaeT YIAYy4lI€HUE 3K CIIyaTalu-
OHHBIX XapaKTEPUCTUK YCTPOMCTB.

4 CpaBHUTEJIbHAS OLIEHKA
TEXHOJIOTUI

4.1 OcCHOBHBIE KPUTEPUU CPAaBHEHUST
CpeACTB OTOOpaXKeHUsT MH(MOPMaLIUT

B xavecTBe IIaBHBIX KPUTEPHUEB IS CPAaBHUTEIb-
HO OIICHKM TEXHOJIOTMI PacCMOTPUM OCHOBHEBIC Xa-
PaKTepUCTUKU OUCIIJIEEB, BaXKHbIE C TOUKM 3PEHUST
YCTAaHOBKU U UCITOJIb30BaHUSI.

Pa3mep cpeacTa oToOpaxkeHus — OIVH 13 HaOO-
Jiee CyILeCTBEHHbBIX ITapaMeTPOB, KOTOPbIi1 ONpeaessieT
MPOEeKTUPOBaHUE cpelacTBa oTobpaxkeHus. Ilog HUM
MOHUMAETCsI TeOMETPUYECKUIT pa3Mep aKTUBHOM (MH-
dopmaTtuBHOIT) gacTu moBepxHocTrn COM. Bo3moxxHO
moctpoeHre COU TIpaKTUIECKH JIFOOBIX Pa3MepOB.

Tun ucnoIb30BaAHKS:

— uHIMBMAYyanbHOe (1 HaGMOAATEND);
— KoOJUTeKTUBHOE (2 1 6oJiee HabIOHaTEIICH ).

JlaHHBII TTapaMeTp OIpeaesseT CleHapUii UCITOJb-
3oBaHnsT COU OTHOCUTEIHLHO YKCJIa OMHOBPEMEHHBIX
HaOmoaTeneit.

ITocie Toro Kak 4MciIo MoJib30BaTeleit onpenesieHo,
HeobxomnuMo obecrieunth cootBeTcTBE COU TIpaBu-
JlaM ¥ ctaHaaptam, nponucadnHbiM B [OCTax [13, 14].

Xapakrep UCNIOIb30BAHMS:

— mpodeccroHaNIbHOE;
— OBITOBOE;
— CMeIIaHHoe.

[Ton mpodeccuoHalbHBIMU CpeAcTBaMU OTOOpa-
>KEHUSI TIOHUMAIOTCSI YCTPOCTBA, HEOOXOAMMBIE ISt
peanuzauuy MporpaMMHO-anIapaTHbIX KOMIUIEKCOB B
paMKax 3a7a4, pelaeMbIX OpraHM3allMOHHBIMU CTPYK-
TypaMu.

BrITOBBIE YCTPOICTBA MCMOMB3YIOTCS TSI IMYHBIX
LeJei, Kak mpaBuIo, B JOMAIIHUX YCIOBUSIX.

IIpumep cMmelmIaHHOTO XxapakTepa WCIOJb30Ba-
HUSI — HacToJibHbIe 2KK-MOHUTOPEIL.

XapakTtep MCIOJb30BaHUS BAEYET 3a COOOI Halu-
yue HEOOXOAUMBIX UHTEep(hECOB MOAKIIOYEHMS, Tpe-
OOBaHUSI K LIBETOIIEepeaye U CTOMMOCTH.

ITon dopmaTom aucHIess TOHUMAETCS COOTHOIIEHUE
BBICOTHI Y IIUPUHBI aKTUBHOM MOBEPXHOCTU CPEICTBa
otoOpaxeHus. Ha cerogHsIIHMi 1eHb CYIIECTBYET 10~
CTaTOYHO OTpaHUYEHHOE YKCJIO MCIIOJIb3yeMbIX (op-
MaToOB, KOTOpPbIE 3aAaI0TCSI TIPOU3BOIUTENSIMU TOI WU
WHOM TEXHOJIOTUMU.

Hpyrum onpenensionMm @opMar mnapameTpoM
siBJIsIeTcsl (popMaT oToOpakaeMoro curHaiga. MoXHO
BBIICJIUTH Hau0OoJIee TTONyYJIsIpHbIe (DOpMaThI:

— 16:9;
— 4:3;
- 1:1;
— 5:4;
16:10.

IIpeobnanaroT nepBbie ABa (hpopMaTa Kak OCHOBHbIE
dopmaTel M300pakeHUs] U BUACOCUTHATA U HaOJIO-
JaeTcsl TeHACHIMs Mepexona K IIMPOKUM dopmaTam
BBUIY TOTO, YTO OOJBIITWHCTBO CHTHAJIOB BBICOKOTO
paspelieHus: uMeloT (opmat 16:9, a TakxKe BBHIY
MOITBITOK HAWTHU COOTHOILIEHUE CTOPOH, COOTBETCTBY-
olllee YCpeTHEHHbIM ITapaMeTpaM YeJ0BeueCcKoro Boc-
TIPUSITHS.

Tun unrepdeiica. [TogkaoueHue yCTpOMCTB K cpe-
CTBaM OTOOpakeHWST HAaKIAObIBAIOT TpeOOBaHMUS Ha
COBMECTUMOCTb MHTEep(hECOB KaK MO (U3MICCKOMY
HabOpy KOHTAaKTOB M (hopM-(PakTopoB, TaK U IO TH-
My mepenaBaeMoro curHajia. [lo BTropoMy mapameTpy
nHTephEeCh AeISITCS Ha IBa BUIA:

— anaorossie (S-Video, D-Sub (15 pin), KoMmo3uT-
HbIl, KOMITOHeHTHBIN, DVI-I);

— uudpossie (DVI-D, HDMI, Ethernet).

XapakTep BXOJAHOI0 CUTHAJIA OTIPEACIISIET IMHAMUKY
n300pakeHUsI:

— cTaTu4yHoe;
— JIMHAMUYHOE;
— Jro0oe.

Cyl1ecTBYIOT MPUMEPHI, KOT/1a CPeACTBA OTOOpaKe-
HUsI He MOTYT IMOKa3bIBaTh JUHAMUYHO MEHSIOIIYIOCST
KapTUHKY 0€3 3aMETHBIX MCKaXXeHUI M300pakeHUs.
C mpyroit CTOpPOHBI, IajleKO HE BCe OWCIUIEH MOTYT
paboTaTh CO CTATUIHBIM N300paKECHUEM.

Yucsi0o HCTOYHMKOB MOXKET MEHSTBCSI OT OAHOTO 0
HECKOJIbKMX COTeH. B 3aBUCHMMOCTU OT HEro CpeicTBO
0oTOoOpaXkeHUs1 UHPOpMaLIMK 00pacTaeT BEIYMCINUTEb-
HBIMU MOIIMHOCTSIMU, MHTep(PEUCHBIMU OJIOKaMU, KO-
TOpBIe 00ECIIeUNBaAIOT OMJHOBPEMEHHYIO paboTy ¢ He-
00XOIMMBIM HaOOPOM BXOIHBIX CUTHAJIOB.

Yuc10 0TO0OpaKaeMbIX OKOH (MCTOYHHKOB) XapaKTe-
pusyeT (PYHKLIMOHATBLHOCTh JUCILIES U OINpeaesieTcs
BO3MOXKHOCTBIO OTHOBPEMEHHOTO BEIBOJIA HECKOJTBKIX
PasTUYHBIX ICTOYHUKOB B HECKOJIBKIX OTICIHHBIX OK-
HaX. YWciIo BBIBOOZMMBIX OKOH MOXKET MEHSIThCSI OT
OJIHOTO IO HECKOJIbKUX COTEH.

IIBeTonepenaya. CpencrtBa oTobpaxkeHus MHMOP-
MaIli¥ MOTYT OBITh:

— LBETHBIE;
— YyepHO-0eJbIe.
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CornacHo [15, 16], kogupoBaHue nHGOPMAaIUU B
JICITETYEPCKUX C TTOMOIIbIO I[BETa HE JOJDKHO WC-
nojib3oBaTh 60jee 11 1BeTOB, a MpU HEOOXOAUMOCTHU
ObIcTporo moucka — Gojee 6. C nIpyroii CTOPOHBI,
obecrieyeHne MPABWIBHOW LIBETOTIEPENAYM TTO3BOJISIET
aZieKBaTHO OLICHUBAThb OOBEKT HAOIONEHUS U YMEHb-
11aeT Harpy3Ky Ha rjiasa.

HudopmanuoHnas eMKOCTb CPEICTBA OTOOPaKEHMS
OIPEIENISIETCS] YMCIIOM €0 «aTOMapHbIX» €IUHUI] —
MUKCEJIOB MJIM TOYEK, IMOMHOXEHHBIM Ha €ro CIo-
COOHOCTh K M3MEHEHHMIO MH(pOPMAIIM BO BPEMCHH.
Teopetnuecku Bo3moxxHO ntoctpoeHre COU co ckoib
YrogHoO 0O0JIBIION pa3pellaloleit crmocodHocThio. Cro-
COOHOCTb M3MEHEHMST M300paXkeHusT BO BpeMEHU pa-
3yMHO OTpaHUYMTh YMCIIOM KaapoOB B CEKYHJY, BOC-
TIPUHUMAEMBIX Y€JIOBEKOM.

YpoBeHb SAAPKOCTH MOXET U3MEHSITHCS OT HYJS 10
HECKOJIbKMX ThICSY K1/ M2. DTOT mapamMeTp J0CTaTou-
HO CWJIBHO BIIMSIET Ha BOCTIPUSITUE U O0BEM Tiepeaa-
BaeMoll uH(bopMalMKu (B TOM YUCIE U3-3a TOTO, 4YTO
SIPKOCTHOE KOAUpOBaHUEe — Tpeobaagaroas gopma
nepegauu uHbopMmaiuu). bonblinas spKocTh HE Bce-
raa SIBJISIETCST TUTIOCOM — TIPY TUTENTbHOM HalJTo/e-
HUU HeoOXoauMo coOJIroAaTh 0alaHC YPOBHS SPKOCTHU
mexny nznydyeHnem COU u ocBellieHreM TTOMETIeHUSI.

Yroa 0630pa — xapakTepucTHKa, TOBOPSITIIAS O BO3-
MOXHOCTU UCTIONH30BaTh CPEICTBO OTOOPAXKEHUST TIPU
HaOJIIOIECHUN ¢ HEHYJIEBOTO yIJla OTHOCUTEJIbHO Tep-
MEeHIUKYIsIpa K MIOBEPXHOCTH 9KpaHa B TOUYKE HaOJII0-
nenwust. TpeboBaHMSI K TAaHHOMY TTapaMeTpy COEPIKATCST
B[15, 16].

IMo aromy mapameTpy ycTpolicTBa MOXHO pa3szie-
JIUTH HA B TPYTITIHL:

— MPSIMOTO HaOJIIOOEHUST — TpeIHa3HAYeHHbIC UTS
paboTHI B paMKax y3KOTO KOHYca;

— TIPOM3BOJILHOTO HAOJIONEHUsT — TpeJAHa3HAUeH-
HbI€ /151 paObOTHI C JTIOOOTO yIiia HAOJIIOIEHUSI.

Bpems oTK/IMKa XapaKTepu3yeT CIIOCOOHOCTb JMC-
iest K U3MEHEHMIO M300pakeHUsl Tocie U3MEHEHMS
rogaBaemMoro curdana. [1o aToMy mapameTpy cpeictaa
OTOOPaKEHUSI MOXKHO Pa3fenuTh Ha TPU IPYIIIIbL:

— CTaTUYHbIC — HCCKOJIbKO CCKYH/I,

— YCJIOBHO-AMHAMHWYHBIC —
KYH];

HECKOJIbLKO MMJIJINCE-

— JIMHAMU4YHbIE — He3aMeTHOe IJIsi HaOJrogaTess
BpEMA UBMECHCHUA J11000T0 KOHTEHTA.

NHTEepakTHBHOCTD TOBOPUT O BO3MOXHOCTU pa-
0oraTh ¢ oToOpaxkaeMoil MHGoOpMalueid Ha ypOBHE
©CTeCTBEHHBIX NBWKCHWI, TTO3BOJISISI HAOIIOMAIOIINM
BUIETH e B nfuHamMuke. MHTepakKTUBHOCTh — 3TO HE
CBOICTBO caMuX IUCIUIEEB, a METOIMKA, BKJIIOYarOIIast

TPU KOMIIOHEHTA: CPEACTBO OTOOpaKeHUsI, CEHCOP-
HYI0 MaTpUIly, COBMEIIEHHYIO C aKTUBHOW BU3YyaJlu-
3UPYIOLIEH TTOBEPXHOCThIO CPEACTBA OTOOpaXKEeHUsI, U
BBIYMC/IMTEJIbHbIE MOILLIHOCTH, IIPUBSI3aHHbIE K OTOOpa-
Xaemoi nHpopMauuu. BerauciaurenbHbie MOLIHOCTHU
HYXXHBI JIJI5 TOTO, YTOOBI MPOU3BOIUTH COMOCTaBJIe-
HUE KaXIOW TOYKM CEHCOPHOW MaTpuIlbl C TOUYKOU B
OTOOpaXkaeMOM KOHTEHTEe, a TakKe JJIsI TOro, 4TOObI
M3MEHSTh KOHTEHT B PEXXMME PEAIbHOTO BPEMEHMU.

Cpok 3KcIyaTamud OTPaHUYMBACTCS BO3MOXKHO-
CTSIMU TEXHOJIOTUU OTOOPAXKEHUSI U MOKET U3MEHSIThCSI
OT HECKOJIbKMX MECSLEB 10 HECKOMbKUX JieT. [Tomumo
CpOKa 3KCIUTyaTalluu, CYIIIECTBYET EIIIE U CPOK MOPaJIb-
HOI aKTyaJIbHOCTH, KOTOPBI JJISI CPEACTB OTOOpake-
HUSI KOJIJIEKTUBHOTO MCITOJIb30BaHMSI TPUOIMKAETCS K
5 romaMm. 3a 5TO BpeMs TEXHOJIOTUS YCTPOUCTB YXOIUT
JIAJIEKO BIIEPEN, OTKPbIBask HOBbIE BO3MOXKHOCTU IS
pelIeHu s 3a1a4 BU3yaan3aluu.

Tun MoHTaxKa onpenessieT TOYKY OMopbl I Cpe-
CTBa OTOOpaXkeHUs. DTO 3aTparnBaeT BOIIPOCHI MeXa-
HUYECKOM HAaTpy3KM, a TAK3Ke 3aCTaBJIsSIeT peliaTh IIpo0-
JIeMy YCTaHOBKH. BblelleHHBIM CITOCOOOM MOHTAaxKa
CUMTAETCSI BCTPOEHHBIN AU3aliH CpeacTBa OoToOpaxke-
HUSI, KOTIa OHO (DaKTUYECKU SIBJSIETCS YaCThIO IPYTOro
ycTpoiicTBa Oosbliero pasmepa. Ilo Turly MoHTaxka
COMU 6Gr1BaloT:

— BCTPOCHHLIC,

— HACTCHHBbIC,

— HaIlOJIbHbIC;

— HAaCTOJIBHBIC,

- HOTOJTO‘IHI)IG/HOI[BCCHBI@.

Tpebdyemoe mpOCTPAHCTBO HHCTAJLISIMHA XapaKTePH-
3yeT HeOOXOMUMOCTh CO CTOPOHBI AUCITISS B 3aHUMa-
€MOM ITPOoCTpaHCTBe. BeTpanBaemble cpecTBa 0TOOpa-
KEHUsI He TPeOYIOT MOTOJHUTETHLHOTO MPOCTPAHCTBA,
ITOCKOJIbKY BKJTIOUEHBI B HEKOTOPBIN KOPITYC IPYro-
ro ycrpoiictBa. CyllecTBYIOT CPeICTBAa OTOOPAKEHMUS,
Hao0O0POT, TPEOYIOIINE MOITOTHUTEILHOTO ITPOCTPaH-
CTBa, KOTOPOE HEOOXOAMMO IJIST 00eCTICUCHUS «KOM-
(opTHOII» Cpeabl SKCIIyaTallud U CEPBUCHBIX HYXKII.
TexHoMOrMYECKOE MPOCTPAHCTBO HEOOXOAUMO TTOJIH-
SKpPaHHBIM CUCTEMaM C OOJIBIINM TEIUIOBBIICICHUEM.
HTak, BO3MOXHBI TPY BapraHTa:

— COMU He TpeOyeT NpOCTPaHCTBA;

— COMU TpebdyeT mpocTpaHCTBa, pABHOTO COOCTBEH-
HOMY 00BbEMY;

— COM TpebyeT OOMOJHUTESBHOTO TEXHOJIOTUYE-
CKOTO TTPOCTpaHCTBa.

ITo o6caykuBanmio Bce COU mensitest Ha TPU TPYII-
ITbI B 3aBUCHMOCTH OT HEOOXOOMMOCTHA 00ecIieYnBaTh
3aJaHHBI YPOBEHb BCEX MMAapaMEeTPOB YCTPOMCTBA:
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(1) HeobOcyXrBaeMbIE;
(2) obcayxuBaembie MPU HEOOXOAUMOCTH;
(3) TpeOylolmMe MepuoanYecKOro 00CIyKBaHUsI.

K mocieaHuM OTHOCSITCS CUCTeMbI OOpaTHOI MPo-
eKIINU, KOTOPBIE TPEOYIOT IMPAKTUICCKU €KETOTHOMI
3ameHbl jamn. BHeapenue LED-texHomorum 8 DLP-
KyOBI TTO3BOJISIET 3TUM YCTPONCTBAM OOXOOUTHCS 0Oe3
00CTy>KMBaHUS B TeUEHUE HECKOJBbKUX JIET.

PeMOHTONPHUIOAHOCTD:

— PEMOHTOIIPUTOIHEIC;
— HEPEeMOHTOIIPUTOIHBIC.

[1pu MpOeKTUPOBAHUM CPEICTB BU3yaTU3aIuU He-
00XOIMMO YYMTHIBATh BO3MOXKHOCTb BOCCTAHOBJICHUS
M PEMOHTa MNpPM BO3HMKHOBEHWU HEWCIIPABHOCTU.
B ciyyae BbIxoma u3 cTpos IJIa3MEHHON TaHEeIu ee ¢
OOJIBIIION TOJIE BEPOSITHOCTH MPUAETCS 3aMEHSITh HO-
BOI, B TO BpeMsI Kak BUICOKYObI, COCTOSIIITE U3 GOJTb-
IIOTO YKCJa OTACTbHBIX KOMITOHEHTOB, MOTYT OBITH
OTPEMOHTHPOBAHBI TOJIHLKO 3aMEHOI HEUCIPABHBIX -
TaJIei.

Cnoxuoctb. COU MOXET OBbITh IBYX TUIIOB:

— TIPOCTOE;
— CcOoCTaBHOE.

IMom cI0XKHOCTBIO CPEeACTBAa BU3YaIM3alluU TTOHU-
MaeTcsl YUCJIO OTAETbHBIX CAMOCTOSITEIbHBIX KOMITO-
HEHTOB, BXOISIIMX B ero cocraB. Hampumep, monm-
9KpaH siBisieTcs ciioxHbiM COU.

3amuIneHHoCTh CBSI3aHA C PA3TMYHBIMU YCIOBUSI-
MM 3KCIUTyaTallli CPelCcTB O0ToOpaxkeHnsT. OCHOBHBI-
MM OTPaHWYCHUSMU I SKCIUIyaTallii MOTYT CTaTh
TeMIlepaTypa, BJIaXHOCTb, IbLUIb, a TaKXkKe NEHCTBUS
HeI00poKeIaTeIbHO HaCTPOeHHBIX JiniL. [1o aTomy ma-
paMeTpy pa3INJaroT CICAYIOIINEe BUIABI CPEICTB OTOO-
pakeHUs:

— He3aIUIICHHBIC,

— BIIaro3alnIneHHbBIC,

— TeMIlepaTypHO-3alllUIIeHHbIE;
— TIbUIE3AlUIICHHBIE;

— B3PBIBO3AIIUIIEHHbIE;

— aHTUBaHIAJbHBIC;

— TIPOTUBOYAApPHBIE.

K nmesammmmeHabsiM COM OTHOCSTCST YCTpOIiCTBa,
MIPUTONHBIC K 3KCIUTyaTalliX TOJBKO B TETLIBIX TIOME-
IIEHUSX C HEBBICOKOM BIAXKHOCTHIO. 3allUIIeHHBIC OT
Kkakoro-y6o dakropa COU 06bp1vHO 1100 006a1aI0T
3TUM CBOMCTBOM M3HAYaJIbHO, JIMOO CHA0XAIOTCSI CIie-
LIMAJIBHBIMM 000JIOYKAMM, KOTOpPbIE MPEAyNpekaaloT
TO WJIM MHOE BO3ICHCTBHE.

Oco00 cTouT rpyIna B3pbIBo3amuieHHeIXx CON —
YCTPOICTB, KOTOPBIE HE MOTYT CTaTh MPUYNHOI B3PbI-
Ba/BO3ropaHMs U3-3a JIEKTPUYECKUX UCKD B KOPITyCe.

OTU yCTpOMCTBA HEOOXOAMMBI B TOPHOIOOBIBAIOLINX
11axTax, Ha He(PTIHBIX BbIIIKAX, HA MPEANPUSITUIX X1~
MUYECKON U mepepadaThIiBaIOIIeil TPOMBIIILIEHHOCTH.

DHepronoTpedaeHne ONpeaesieT cpa3y HECKOJIBKO
mapaMeTpoB. Bo-iepBBIX, OHO (UTYpPUPYET IIPU pacue-
T€ CTOMMOCTH BJIaJICHUS, BO-BTOPHIX, CBUICTEILCTBYCT
00 YpOBHE TeTJIOBbIACTICHUS TPU MPOYMX PABHbBIX YCJIO-
BUSIX.

HenpepbIBHOCTD IKCILIyaTAIMH XapaKTepU3yeT BO3-
MOKHOCTH CPEICTBAa OTOOpaKeHUS IO JUTATEIbHOCTU
aKTUBHOU PaOOTHI:

a0COJIIOTHO HeMpepbIBHAST SKCILTyaTallys;

HEMPCPLIBHAA SKCILTyaTallud,

YCJIOBHO HeTIpephIBHAST SKCILTyaTaIINsT;

OpEPpbIBUCTAA SKCILJTyaTallud.

AOCOJIIOTHO HETpepbIBHAsl 3KCILTyaTaldsi — 3TO
BO3MOXKHOCTb HEMPEPHIBHO UCIOJb30BaTh YCTPOMCTBO
OT MOMEHTa TIePBOT0 BKITFOUCHUSI O OKOHUAHUS CPOKa
CIIyXOBI.

HenpepriBHas 3KcItyaTalus — BO3MOXHOCTD HC-
MOJIb30BaTh HEMPEPBIBHO MEXKIY HEOOXOAUMBIMU TEX-
HOJIOTUYECKUMM TipoleccaMu, cBszaHHbiMU ¢ COU
(HanmpuMmep, 3aMeHa JlaMI).

YCIIOBHO-HETIPpEpBhIBHAST — BO3MOXKHOCTH HEIIpe-
PBIBHO MCITOIb30BaTh YCTPOUMCTBO TIPU COOTIONCHUUI
psiia ycJIoBU aKcryatauumu. Hampumep, TUIT KOH-
TEeHTA.

IIpepbiBucTast sKcryatauusi — HEOOXOAUMOCTh
obecrneyeHus1 MEPUOIOB «OTAbIXa» MeEXAy ceaHcaMu
SKCIUTyaTaIlnu.

4.2 HexoTopbie pe3yabTaTbl CpaBHUTEILHOMN
OLIEHKU TEXHOJIOTUIi CPEACTB
oToOpazkeHus MHPoOpMaLun

B 1ab1. 1 cBeZieHbI OCHOBHBIE MTapaMeTpPhI 15T KaX-
JIOM TEXHOJIOTUM, YTO TTO3BOJISIET CAeaTh MEPBUYHYIO
OLIEHKY BO3MOXHOCTU MCIIOJb30BAaHUA TOW WU UHOMN
TEXHOJIOTMU B KOHKPETHOM 3a1aye.

JlanHast TabauIla MOXET UCTIOIb30BAThCS TSI pe-
IIeHUST 3aa4M BBIOOPA TEXHOJOTHH TIO CJSHYIOIIEMY
aJITOPUTMY.

1. 3angatb IopAd0K CTPOK COIJIaCHO BaXHOCTHU TOI'O
MJIN UHOTO ImapaMeTpa i KOHKpCTHOfI 3aJgavyn.

2. Beimenuth Ge3ycioBHBIC MapamMeTpbl — Te, KOTO-
pble TOJDKHBI 00sI3aTeIbHO BBITIOJHSITBCS IJIST pe-
LIEHUSI TTOCTABJICHHOM 3aJa4u.

3. TIpoxong 1o Tabiauile CBEpXy BHU3 MO OE3yCIOB-
HBIM TTapaMeTpaM, YIaJIUTh M3 Ha4aJIbHOTO CITCKA
TEXHOJIOTUI T€, KOTOPbIe HE yAOBIETBOPSIOT TPe-
OOBaHUSIM 3a/1a4U.

WHOOPMATUKA U EE TPUMEHEHUWS Ttom 4 Bbimyck 3 2010 65



A. A. 3auapunnwii, K. I. Yynparos

Taomuna 1 CooTseTcTBUE OCHOBHLIX KDUTEPUEB M TEXHOJIOTUIA

ITapamerp TexHonorust
ITrasmenHas XK (LCD) IMpoexkunonnas (DLP) | CBeronnonanast (LED)
Pa3zmep (oxHOTO 50" —100" (s cuctem .
p (on N 32"—150" 0”—-108" . (an Be3s orpanuuenuii
MOJIYJIs1/yCTpOICTBA) 00paTHOM TTPOEKIINH)
KonnektusHoe,
Tun KonnektusHoe KonnexkrusHoe KonnexkrusHoe
WHIVWBUYaTbHOE
ITpodeccuonanbHbie
[TpodeccuoHanbHbIE, pod > | IIpodeccroHalbHbBIE,
Knacc OBITOBBIE, IMpodeccnonanbHbIC
OBITOBbIE OBITOBbIE
CMelllaHHbIe
®opwmar 16:9 4:3/16:9/16:10 4:3/16:9 1:1
Tun AHaJIOroBbIi, AHaJIOTOBBI, AHaJIOroBbIi, AHaJIOTOBBI,
uHTepderica uudposoit udpoBoi uudposoit udpoBoi
Xapakre . .
P P . . JIMHAMUYHBIA, JIMHAMWYHBIIA,
BXOITHOTO JHaMUYIHBII Hecratnunerit . N
CTaTUYIHBII CTaTUYHBIT
cUrHasa
LBeTonepenaua 1—64 Mapa LBETOB 16,7 MJIH LIBETOB 16,7 MJIH LIBETOB o 281 TpaH 1IBETOB
HNudopmainmonxas
€MKOCTb, o 4,25 Ho 18,75 Ho 3 00,01
MITH TTHKCEJIOB,/M>
YpoBeHb
p 1000—1500 xm/m? 250—700 x/m> 200—700 km/m> 2000—4000 Km/m>
SIPKOCTHU
Vron o630pa 180/180 178/178 180/180 160/160
Bpewmst peakuuu < 1lmc 4—16 mc < 1lwmc < 1lwmc
MHTepakTHBHOCTH BosmoxkHa BosmoxkHa BosmoxkHa HeBo3moxHa
Cpok
P 50—60 ThIC. 4 50—60 ThIC. 4 80—100 TBIC. ¥ 50—100 ThIC. 4
9KCILTyaTaluu
Hactennsrii, Hactennsrit, .
o . HanosbHbiid, .
HaIOJIbHBIN, HAaIOJIbHBIN, N HamonbHblid,
Tum MoHTaxka N . HaCTeHHBIH, .
TTOTOJIOYHBIIA, TTOTOJIOUHBIIA, 4 TIO/IBECHO
. . TTOTOJIOYHBI
HACTOJBHBII HACTOJIbHBIH
Tpebyemoe bes/c bes/c bes/c bes/c
MPOCTPAHCTBO TEXHOJIOTUIECKUM TEXHOJIOTUIECKUM TEXHOJIOTUIECKUM TEXHOJIOTUIECKUM
UHCTALISILIMU MPOCTPAHCTBOM MPOCTPAHCTBOM MPOCTPAHCTBOM MPOCTPAHCTBOM
[lepuoauyecku
HeoOcnyxuBaembie, HeobcnyxuBaembie, prol
00cyX1uBaeMble,
OOcyxuBaHue 00cTy>kKMBaeMble 00cTy>k1MBaeMble OBCIVKIBACMAIC HeobGcnyxuBaembie
TPY HEOOXOAUMOCTH | TIPU HEOOXOIMMOCTHU :
MpU HEOOXOTMMOCTHU
PemonTomnpuronnocts | Hepemontonpuronus! | Hepemontonpuronusl | Pemontonpuronust | HepeMoHTONpUTOIHBI
CJ0XHOCTh ITpocroii/cnoxHbIi ITpocroii/cnoxHbIi [TpocToii/cnoxHbIit [TpocToii/cnoxHbIit
Jliob6oit
Kpome Kpome
3alnIIeHHOCTh YPOBEHb HeszamuineHHbie
B3PBIBO3AITUIIIEHHBIX B3PBIBO3ALTUIIIEHHBIX
3aIIUIIEHHOCTH
DHepromnoTpedieHue 100—1500 Bt 50—1000 Bt 50—200 Bt 300—1000 Bt
HenpepbiBHOCTD YcnoBHO YcioBHO AOCOJTIOTHO
HenpepbiBHas
9KCILTyaTaluu HenpepbIBHAS HernpepbIBHAS HeIpepbIBHAsI

4, HOJTY'{I/ITB B UTOT'€ MHOXECTBO TEXHOJIOTUIA, KOTO-
PBIC YAOBJICTBOPAIOT YCJIOBUAM 3aJavyu.

5.B cj1yqyae €CJih KOHCYHOE€ MHOXKECTBO TEXHOJIOTUI
OKaXeETCAd IMyCTbIM, MIEPECMOTPETH YCIIOBUEC 3a1a4n.

6. Ilpu HEOOXOAMMOCTH MHOXECTBO IIapaMeTPOB MO-
KET ObITh PaCIIMPEHO Ha OCHOBAHUU IOCTOBEPHOM
WH(bOPMAIIK O CBOMCTBAX TEXHOJIOTHIA.

ITonoxuTenbHOI CTOPOHOI TaKOTO MeToaa SIBJIs-
€TCsl OCHOBaHUE BbIOOpa Ha aHaju3e Cl1abbIX MECT, a
He Ha MoucKe CUJIbHbIX. Ha mpakTuke 370 o0ecrneyuT
3HAYNTEIbHOE YMECHBIIICHIE BEPOSITHOCTU BBIXOIA W3
CTPOSI ¥ TIOBHITIICHHE 00T HameXKHOCTH.

Ilocne peiueHust mpoGaeMbl BHIOOpa TEXHOJIOTUU
U ero o0OCHOBaHUS CledyeT MPUCTYIMUTb K TPEeThe-
My 1LIary — BbIOOpPY KOHKPETHBIX PELIEHUT, OCHOBaH-

66 WH®OPMATUKA U EE IPUMEHEHUS tom 4 Bbimyck 3 2010



HCKOTOpBIC ACIIEKTbI BbI60pa TEXHOJIOTUM AJIA MOCTPOCHUA CUCTEM 0T06pa}KeHI/I5{ I/IH(I)OpMaHI/II/I CUTYyallMUOHHOTO LIEHTpPa

HBbIX Ha 6a3¢ MHOXECTBA TEXHOJIOIMiA, TOJYYEHHBIX B JII/ITepaTypa

pe3yJibTaTe MCMOJAb30BaHHOTO MeTona. BbiOop KoH-
KPETHBIX CUCTEMOTEXHUYECKUX PEIICHUI MOXKET ObITh
peann30BaH HAa OCHOBAHUM TIPEUIOKEHHOTO B CTAaThe
METOJIa UCKJTIOUEHU, T/Ie B KAUYeCTBE TaOIUIIbI TOJIK-
Ha OBITh MCIIOJIb30BaHa COOCTBeHHas Tabjaula Tapa-
MeTpoB. Jlpyrum myTeMm peleHust MpodieMbl BIOOpa
MOKET TMOCTYXKUTh METOJl aHaIM3a uepapxuii, mpumep
WCTIONB30BAaHMST KOTOPOTO ISt BBIOOPA 000pYIOBaHMS
npuseneH B [17].

5 3axkiroueHue

IIpn pemeHnM mnpobdIEeMbl TPYMNIIOBOrO BhIOOpaA
000pyIOBaHMSI TSI Pean3alliid CUCTEMBI OTOOpasKe-
HUS MHGOPMAaLMY OHOM U3 TTOA3a1a4 SIBJISIETCST BBIOOD
TEXHOJIOTMU 3TOI cucTeMbl. B HacTosiee BpeMs cy-
ILIECTBYET Psii TEXHOJIOTHI, KOTOPbI€ UCITOJIb3YIOTCS B
CUTYallMOHHBIX LIEHTpaX, — MIa3MeHHasl,, XXKUAKOKPUC-
TaJlInyecKasi, MpoeKUnoHHas, cBeTonuonHas. Kaxnas
W3 HUX TIpejIaraeT CBOM CII0CO0 CO3MaHMSI TTOIBUKHO-
ro M300paxkeHusl ISl IeMOHCTpalluu MOJaHHOIO Ha
Hee curHaia. Kaxpas U3 TexHoJOruii obiagaeT cBO-
MMM JOCTOMHCTBAMU U HEAOCTAaTKaMM, MO3TOMY IO-
TEHIIMAIBHO SIBJISICTCST PEIIeHNEM HEKOTOpOI 3amadyu
TPYIIIOBOTO BEIOODA.

Kak mokazanu uccienoBaHusi, Haubosee mpearo-
UTUTENbHBIMU SIBISIIOTCS KUAKOKpUCTAIUUECKasT U
npoeKUroHHas1 TexHosiorus. IlepBast u3 Hux OoJjee
yIo0Ha IS peaan3aliiy CPeICTB OTOOpaKeHUH Ha 0a3e
OITHOTO AWCILIES W 000pyIOBaHUS PAOOIMX MECT OTIe-
paTopoB U pykoBoauteei. KuakokpucTalainuecKkas
TEXHOJIOTUS SIBJISIETCS HanboJiee yHUBEpCaJIbHONM — Ha
€e OCHOBE BO3MOXHO pelIeHUE MPaKTUYeCKU JIIoOOoM
3aMa4yd W C JIIOOBIMUA OTPaHWMYCHUSIMHM TIO Oe3orac-
HOCTH.

ITpoekunoHHast TEXHOJOTUS SIBJISIETCSI HE3aMEHU-
MO JJIs1 KPYIJIOCYTOUHBIX MPUJIOXEHUI, rae Tpely-
eTcsl oToOpaxkeHue cTaTMYHoi mHpopmauuu. Takoe
TpeboBaHME, KaK MPaBUJIO, TIPEIbSIBIICTCS K CHCTE-
MaM OTOOpaXeHWsI CUTyallMOHHBIX LIEHTPOB IUCITET-
YepcKoro Tumna, GYHKIUMOHUPYIOIIUX B HEMTPEPHLIBHOM
pexume. Kpome Toro, nmpoeKimoHHast TEXHOJIOTUST —
eIMHCTBEHHAasi, KOTopasli MO3BOJISIET cOo3[aBaTh I10-
JIM3KpaHHBIC CHUCTEMBI BBICOKOW WMHMOPMAIIMOHHOMN
€MKOCTH 0€3 3aMETHBIX PaMOK MEXIY OTICIbHBIMU
IACTIICSIMMU.

Ilna3meHHast ¥ cBeTOAMOAHASI TEXHOJOTUM TTOKa B
MEHbIIIEe Mepe BOCTpeOOBaHbI B paMKax MPUIOXEHU
CUTYallMOHHOTO LIEHTpa, OJIHAKO CYIIECTBYIOLIME TEH-
IEHIIUW Pa3BUTHUS TEXHOJIOTHIA [18] yKa3bIBaoT Ha TO,
YTO BO3MOXKHbBI CMEILIEHUSI B MPEANOUYTEHUSIX TEXHO-
JIOTUH.
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KOI'HUTUBHO-JIMHIBUCTUYECKHWE INPEOJCTABJIIEHUA
B CUCTEMAX OBPABOTKHM TEKCTOB

E. B. Kosepenko!, U. I1. Ky3nenos?

AnHoTamus: PaccMoTpeHbl BOMPOCHI MPOEKTUPOBAHUSI U PA3BUTUSI CEMAHTUKO-CUHTAKCUYECKUX U JIEKCUKO-
CEMAHTUUYECKUX TPENCTaBIeHNI B JIMHTBUCTUYECKUX IPOIIECCOPax psioa CUCTEM, OCHOBAHHBIX Ha ammapare
pacimpeHHbIX ceMaHTuyeckux ceteit (PCC). CucteMbl 3TOro Kjacca CO3[aroTcs ISl U3BJICUSHUST 3HAHUI U3
TEKCTOB Ha €CTECTBEHHBIX SI3bIKaX, OTOOPaXkKeHUsI U3BJICUEHHBIX CYLTHOCTE! 1 CBSI3€i B CTPYKTYpPbI 0a3bl 3HAHU I
(b3) u ucnonbp3oBaHMS 3HAHUH TSI TIONAEPXKKU IKCIIEPTHBIX AHATMTUIECKUX PEIIeHUi B Pa3InIHbIX chepax
npuioxeHust. B dokyce BHUMaHUSI HAXOASTCS MHXKEHEPHO-JTMHTBUCTUYECKHUE MTPENCTABICHHUS, MO3BOJSIOIINE
TTOCTPOUTD LEJIOCTHYIO PAOOTAIONIYIO TMHTBUCTUUECKYIO MOJIENTb, KOTOPAst MOAUMUIINPYETCST B 3aBUCUMOCTH OT
KOHKPETHOU 3aIavyu: OT «TsKeJoi» (DOpMBI HAa OCHOBE NETATbHBIX TIIyOMHHBIX TPEAICTaBICHU 10 (HOKYCHBIX
peayLMpOBaHHBIX 000JI0UYEK, HACTPOSHHbIX Ha y3KYI0 MpeameTHyto obnactb (I1O) u orpaHuuYeHHbIH S3bIK 00-
menust. Ocoboe BHUMaHUE YIeNsIieTCcsT CIIoco0aM OMUCaHUs TUCTPUOYTUBHO-TPaHCHOPMAITMOHHBIX TPU3HAKOB
SI3BIKOBBIX OOBEKTOB.

Knouesble ciioBa: MHTECJITICKTYAJIbHBIC CUCTEMbBI; CEMAHTUYCCKUE TITPEACTABIICHUS , JUMHIBUCTUYCCKUE ITPOLIECCO-

pbI; 00pabOTKa €CTeCTBEHHOTO SI3bIKa; U3BJI€UEHNE 3HAHUI

1 Bsenenwue

JlanHast paboTta mocBsieHa IpodjieMaM CO3IaHUS
KOTHUTHUBHO-JTMHIBUCTUYECKUX MOJEJEH eCTEeCTBEeH-
HOTO $3bIKa JJISI pa3jWyHBbIX KJIacCOB WH(OpMaIu-
OHHBIX CUCTEM M OIMCAHUWIO OMBITa CO3MAHMS JIMHT-
BUCTUYCCKUX TIPEICTABICHUI IJIT MHTEJUICKTYaTbHBIX
TEXHOJIOTUi 00pabOTKM TeKCTOB. Bompockl u3bieue-
HUSI 3HAHU# U3 TEKCTOB U CO3AaHUSI MOIEJIU €CTECTBEH -
HOTO $SI3bIKa paccMaTpUBAIOTCSl B €IMHCTBE. B LieHTpe
BHUMaHMUS OYAyT HAXOAUThCS TUHTBUCTUUYECKUE TTPO-
IIECCOPBI MHTEIUIEKTYaIbHBIX CUCTEM, pa3paboTaHHBIX
Ha OCHOBE amllapaTta paculupeHHbIX CeMaHmu4ecKux ce-
meii [1-5]. bynem HasbiBaTh ux PCC-cucmembi. DT
CUCTEMbI CO3[aBaIMCh KOJIJIEKTUBOM Pa3pabOTYMKOB,
BKJIIOYAsi aBTOPOB JaHHOM cTaTbu B MHCTUTYTE Mpo0-
neM nHdopmatuku PAH Ha npoTsKeHUM 1ejioro psiia
JIET B paMKaxX MCCIIeIOBATEIbCKUX TPOEKTOB U TIPH-
KJIaIHBIX CUCTEM, OPMEHTUPOBAHHBIX Ha KOHKPETHBIC
10O 3aka3unkoB. MOXHO BBIAEIUTH YEThIpE IMOKO-
nenust PCC-cucteM. KOrHUTUBHO-TMHIBUCTUYECKHE
MIpeACTaBICHUS, 3aJ0KEHHBIE B OCHOBY CHCTEM 3TO-
ro Kjacca, MPOILIN ONpeneIeHHBII 3BOTIOIIMOHHBIA
MyTh.

HNutennexkryanbHble PCC-cucteMbl cogepxat pas-
BUTBIC 0a3bl 3HaHUll, TIPU 3TOM 3HAHUS TIPEICTaBIIC-
HBI B Buae 3amuceil Ha si3pike PCC, Ha3pIBaeMBIX
PCC-cmpykmypamu. JIMHTBUCTUYECKUE 3HAHUS, Ta-
KUM 00pa3oM, SIBJISIIOTCS] YaCTHBIM CJTydyaeM «3HaHU»
M Takxke TIpeJCcTaBlieHbl B BUIE 3amuceil Ha SI3bIKe

PCC. OcHOBHBIM KOHCTPYKTUBHBIM 3j1eMeHTOM PCC
SIBJISIETCSI UMEHOBAHHBIN N -MECTHBIN Mpeaukat, Ha-
3bIBACMBbII «@pazmenmom». Bce MHOXECTBO SI3BIKOBBIX
O00BEKTOB 337aeTcsl B BUAE CUCTEMBI TIPEIUKATHO-aK-
TAHTHBIX CTPYKTYP, TIPU 3TOM TTOIEPXKUBAIOTCST MEXa-
HU3MBI TTPEICTABICHUS BIOKEHHBIX CTPYKTYP, UTO Aa€T
OYEeHb MOIIHbIE U300pa3UTETbHBIE BO3MOXHOCTH IS
OIMCAHUSI OOBEKTOB PA3IMYHBIX SI3bIKOBBIX YPOBHEM.
O4yeHb BaXXHBIMU (haKTOpaMU SIBJISIOTCS OMHOPOIHOCTh
" eMMHO00pa3ne TMHTBUCTUYECKUX TTPEICTABICHUI.

B nipouecce aHanM3a v CMHTE3a MPEUIOKEHU I eCTe-
CTBEHHOTO $13bIKa MCITOIb3yeTCsl (hopMajibHO-TpaMMa-
TUYECKU ammapar, CXOAHbIN ¢ rpaMMaTUKaMU 3aBUCH -
Mocteii. [Ipu 3ToM moaxoae OMOPHBIMU JIeMEHTAMU
CIIy’XaT CJIOBa M KOHCTPYKIIMH, BBITIONHSIONINE POJIb
MPEINKATOB B TIPEUIOXKEHUH, U PE3yIbTaTOM aHaIu3a
TIPEJIOKEHUSI OJDKEH CTaTh OMWH MPEINKAT, COOTBET-
CTBYIOLLIMI CKa3yeMOMY paccMaTpUBAaeMOrO MpPEmJIo-
KeHUS (T. €. OCHOBHOMY TJIarojy B TUYHOU popMe uiu
JIPYyTOMY OCHOBHOMY TIpeIMKaTHOMY BhIpaxkeHu1o). Ta-
KM 00pa3oM, B MPOIIECCe aHAIM3a MMPOUCXOIUT BbI-
SIBJICHUE KOCHUMUBHBIX ONOpP TIPEIJIOKEHUS: «CIJIOB-
JNEUCTBUI» U «CJIOB-OTHOIIEHUI», T.€. IJarojoB U
JIPYTUX CJIOB, UMEIOIIMX CUHTaKTUKO-CEMaHTUUYECKUE
BaJICHTHOCTU. [IpMMEPOM «CIOB-OTHOLIEHUIT» MOTYT
CJIYXXUTb, HAIIPUMED, CJI0OBA «OTEL», «APYr» U T. 1., T. €.
BJIAaHHOM CJTy9ae «OTHOLIEHUS» (VTN (hyHKYUU — B TEP-
MMHaX sI3blKa JIOTUKY MTPEINKATOB 1 -ro mopsiika) — 3To
CJIOBa, KOTOPBIE 3a[1al0T CUJIbHbIE, YETKO BhIpask€HHbIE
CUHTaKTUKO-CEMaHTUYECKUE OXKUIAHUSI.

"MucturyT npo6iem nndopmatnkn Poccuiickoii akanemnn Hayk, kozerenko@mail.ru
2WuctuTyT npobaeM mHdopMaTHKN PoccuiicKoil akaneMny Hayk, igor-kuz@mtu-net.ru
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CeMaHTUYECKUI aHaIU3 B MHXEHEPHO-JUHTBU-
CTUYECKOM MOHMMaHUM — 3TO IMpolecc NepeBoia ec-
TECTBEHHO-SI3bIKOBBIX BBIPaXKEHUI BO «BHYTPEHHUE»
cTpykTypsl B3, B paccMaTpruBaeMoit CUTyallill STUMH
«BHYTPEHHUMMW» CTPYKTypaMH SIBIISTIOTCS 3aIlCH Ha
si3pike PCC. Takum obpazom, cTpykTypbl B3 — 310
KO, CMBIC/Ia B MHTEJUIEKTYaIbHbIX MH(OPMALIMOHHBIX
cucTeMax MoIoOHOro poja.

B pabote paccmaTpuBalOTCsI MHXEHEPHO-JTUHTBU-
CTUYECKHE PELICHUS B CUCTEMAX C «MOJHbIM» JIMHT-
BUCTUYCCKUM aHAJIM30M — 3TO CHUCTEMBI 1-TO U 2-TO
nokosienusi: AMECI1, AMEC?2, Jloroc-/1 [2, 3] — u cuc-
TeMax ¢ «bakrorpapuuecKum» MOAXOIO0M: WUHTEJIEeK-
TyallbHBIX CHUCTeMax MOIACPXKKU aHATUTUYECKUX pe-
menuii (MCITAP) [4, 5], Toe mesiblo aHAIM3a SIBISICTCS
BBIICJICHNE CYIITHOCTEH M CBSI3EU M3 TEKCTOB, — 3TO
CHUCTEMBI 3-TO 1 4-TO TTIOKOJICHUSI.

2 IIpouecc KoHLIENTyaabHO-
JIMHTBUCTUYECKOTO
MOJICJIMPOBAHUS B CUCTEMAX,
OCHOBAHHBIX Ha amIapare
pacIIMPEHHBIX CEMAaHTUUECKUX
ceTen

2.1 LleHTpanbHbIE BOMIPOCHI

CCMAHTHUYCCKOT'O MOACIMPOBAHUA

KonuentyanbHO-TMHTBUCTUYECKOE MOJIETMPOBA-
aue (KJIM) — 3To mporiecc mMoCTpOeHUST eCTeCTBEH-
Ho-sa3b1K0BOI Monenu I1O (puc. 1), cHHTe3UPYIOMINii B
cebe MoaXoabl KOHLIENTYaTbHOTO U IMHTBUCTUYECKOTO
MopaenupoBaHus [1—3]. [TocTpoeHre KOHILIENTYalbHO-
JIMHTBUCTUYECKOI Mojaenu HekoTopoit 1O nmoapaszae-
JISIeTCsl Ha CIIEYIOIINE ITATIbI:

— MOCTPOEHUE COOCTBEHHO KOHLIENTYaJIbHONU MOJIEe-
JIA, T. €. BBIYJIEHEHUE 0a30BbIX MOHATUI, OpraHU-
3alM UX B pOIO-BUIOBLIE IEPEBBS U OTIPENEIIEHUE
CBS3EM MEXIY HUMU;

— paspabotka uaeorpaduueckoro ciaonaps I10, T.e.
JIEKCMYECKOe HAIOJHEHMEe KOHLENTYaJIbHOM MO-
QeI

— BBOJ 0a30BBIX IPAaBUJI, ONMCHIBAIOIINX Ha €CTe-
CTBEHHOM SI3BIKE «MOJEIb MHUpPa», PEIEBAaHTHYIO
nmannoi [10.

Metonuka KJIM Ha ocHoBe anmnapata PCC 6a3u-
pyeTcst Ha CJIeAYIOLINX TPUHIIMITIAX:

— MOJeJb J0JDKHA OBITh «OTKPBITOM», T.€. MOLAep-
>KUBaTh 3G (MEKTUBHBIN MEXaHU3M pacIIMpeHus 1
OOHOBJIEHUSI MH(OPMALINK;

1. AHanu3 nccnepyembix TEKCTOB

Y

2. BblaeneHve OCHOBHbIX MOHATUN,
NPOLLECCOB M XapaKTePUCTUK

3. KoHcTpymposaHue mogenu MO u cnosapsa
Ha ocHOBe 6a30BOI «MOAENN MUPA»

ba3oBasa «mogenb mupa» 1 mogesnb A3blKa

Y

4. MocTpoeHne Mogen PoLoBUAOBBIX
OTHOLUEHWIA MexKay noHaTuamu MO

5. ®opmMynMpoBaHME CUTYALMOHHBIX MPaBua
B BUAE MPUUNHHO-C/IEACTBEHHbIX 3aBUCMMOCTEN

Puc. 1 IMpouecc KIM

— MOJeJIb MPEACTABIEHNUS «CMBIC]Ia» ITOJIKHA Y4U-
ThIBaThb (DAKThI IKCTPAIMHIBUCTUYECKON peajib-
HOCTH, KOTOpbI€ B BHUIE NPAaBWI M OTHOILLUEHUI
COCTaBJISTIOT HEKOTOPYIO 0a30BYIO0 «MOJIEIb MUPa»,
JIOCTpanBaeMyl0 KOHKpeTHbIMU Moaessmu I10;

— MOeNb TODKHA OBITh IMPAKTUYHOM, T. €. He Tepe-
IPY>KEHHOI HEeTaJIbHBIMU OIMMCAHMSIMU CBSI3eil 1
OTHOIIICHUI MeXIy TTOHSTUSIMH, YTOOBI oOecIie-
YUTHh BO3MOXHOCTb €€ peaju3alllii, HO B TO Xe
BpeMsl OTpakaTh BCIO PEJIEBAHTHYIO KOHKPETHOM
3amavye MHGOPMAIINIO.

PeanrcTnyHBIN ITOAX0M K ITOCTAHOBKE 3aJa4y TUK-
TyeT HEOOXOTMMOCTb OTPaHMYCHUS MOICIMPYEMOTO
ITOAMHOKECTBA €CTECTBEHHOTO s3bIKa. CyTh OTpaHM-
YEHUIT CBOAMTCS K CIICAYIOIIEMY:

(1) aHanu3upyemble TEKCTOBbIE MaTepuasbl CONIep-
>KaT 3KCMepTHbIe 3HaHUS U3 KOHKpeTHbIX 10 (B
pa3paboTaHHBIX aBTOpaMU CHUCTEMaX 3TO ObLIU
takue 10, Kak nuarHoctuka 6paka mpy U3roTo-
BJICHUM MUKPOCXEM, COLIMAJIIbHOE IPOTHO3UPO-
BaHUE, KpUMUHAINCTUKA U IPYTHE);

(2) B mensix MakKCMMaJIbHO BO3MOXKHOTO YCTPAaHEHUS
HEOJHO3HAYHOCTH CJIOBAPb CTPOUTCS IO MOYJIb-
HOMY MPUHIIUITY: €CTh HEKOTOpasi HauboJjee 00-
1mast yacth (1 —2 ypoBHs1), KOTOpasi foCcTpauBaeTcs
CTELIMAIBHBIMU CJIOBAPSIMU JIJIST KAXKIOM OTAEIhb-
Hoti I10O.

HpeﬂnaraeMaH MOIEJIb JEKCUYECKOU CEMaHTUKU
OCHOBaHa Ha IPUHIMUIIC «AACPHOTI0» 3HAYCHUA, pCa-
JIN3YEMOI'0O B KOHTCKCTC MTAaHHOM HO, C nocJjeayrommnm
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{(BbIPABATbIBAS895_)(DICSEM)

COORD(PROGNOZ1,RUS,BbIPABATBIBAS95_,S50_31.51.20,%)
SUB(UNIV,0+) SUB(UNTV,1+) SUB(UNIV,2+)
BBIPABATBIB(0-,1-,2-/3+) INFI(3-) TPUAETCS(3-) TPULETCA(3—/4+)

FUTI1(4—) SUB(CPEJ,5+)

Puc. 2 HpI/IMCp 3aIllMCH NMPpeaACTaBICHUA ri1aroja «BBIpa6aTBIBaTL>> B CEMAHTHUYECKOM C10Bape

WHIYKTUBHBIM HapalliBaHWEM JAPYIMX 3HaUYeHMI (ec-
JI1 OHU aKTYaJIM3UPYIOTCSI B pacCMaTpUBAEMBIX KOH-
TeKCTax). Takxke MCIOJIb3yeTCs TAKCOHOMMUST, KOTOpast
peanusyeTcsl B BUIe MEPAPXUIECKUX JePEBbEB KIIACCOB
CJIOB.

O61Iast «<MoJeab MUPa» CUCTEMBI SIBJISIETCS OCHO-
Boii st monesieir I10O. DiemMeHTaMM 3TOM MOJIEIU
CHyXXaT KJIACCHI CJIOB, KOTOpBIE MOAPa3IeNsIIOTCsS Ha
MOHSTHUSI/MMEHA, OTHOLUEHMSI, ACHCTBUSI, CBOMCTBA,
XapaKTEepUCTUKU JIEHMCTBUIA, BPEMEHHBIE U ITPOCTPaH-
CTBEHHbIC XapaKTePUCTUKU.

CaMBIM OOIIMM MOHSATUEM SIBIISIETCSI KOHUenm, NI
YHUBEPCAAbHbII KAacc, KOTOPBINA IMOApas3aesiercss Ha
00DBEKT, CUTYaIIMIO, IPOLIECC U Ap.

CiioBa, OTHOCSIILIMECS K KJlaccaM AEWCTBHUIL U OT-
HOLLUEHUI, IPeACTaBIeHbl KAK CEMaHTHKO-CUHTAKCH-
yeckue (peiMbl, 3aHal0llne MMpeIuKaTHO-aKTaHTHbBIE
CTPYKTYpBI (Mozelb yrpaBiieHus1). OQHAaKO B OIMMCHI-
BaeMoM Toaxone (HazoBem ero PCC-moaxomom) cy-
IIECTBEHHO paclIMpeHa 00JIacTh 3HAYeHUI aKTaHTOB.
CyTb pacIIMpPEHMs] COCTOUT, BO-IIEPBHIX, B TOM, YTO B
POJIM aKTAaHTOB MOIYT BBICTYIIATh HE TOJIBKO IPOCThIE
00BEKTHI, COOTBETCTBYIOLINE OTAEIBHBIM CJIOBAaM, HO
W CTPYKTYpPHbIE OOBEKTHI, TTPEICTABIISIONINE CIIOBOCO-
yeTaHWsT U (ppas3bl, a BO-BTOPBIX, B TOM, YTO MOHSITHE
Majexa BKJIIOYAeT B ce0s HE TOJIBKO CEMaHTUYECKUE,
HO U CMHTaKCUYECKUE MPU3HAKU.

IMomxonm, ocHoBanHBI Ha PCC, mo3BosieT oTpa-
>KaTh MPOM3BOJbHBII YPOBEHb BIOXEHHOCTU CTPYK-
Typ 3a CueT TMPOMO3ULMOHAIBHBIX BEpPIIMH CeMaH-
TUYECKOW CeTUu. BTo obecreuuBaeT MpeacTaBieHUE
CIIOXHBIX CHUHTAaKCHMIECKMX KOHCTPYKIMUA  bpas
€CTeCTBEHHOTO S3bIKa, a TakKKe ITO3BOJIICT OTPa3UTh
CTPYKTYPHBIN XapakTep JEKCHUIeCKOM CEMaHTHUKMH,
KOTOpasi B TpeajaraeMoii MOJEIN HMEET HepapXu-
YeCKU-CETEBYIO CTPYKTYpy. JIMHIBUCTUYECKHE 3Ha-
HUS TIPEICTaBICHBI B CMCTEMHOM CJIOBape M JIeKja-
pPaTUBHBIX MOMYJISIX JIMHTBUCTUYECKOTO IIPOIIECCOopa.
B PCC-cucreMax TtakxKe pealn3oBaHa (DYHKIIUAS -
HaMUYeCcKd (OPMHUPYEMOTO CEMaHTUUYECKOro CJIo-
Bapsi, KOTOPbIH HAa OCHOBE MCXOAHOW JIMHIBU-
CTUYECKON WH(OpMALUU JOCTpauBaeTCsl CUCTEMOIt
aBTOMATMYECKM B TIporiecce 0OOpadOTKM KOHKPET-
HBIX TEKCTOB. Ha pumc. 2 mpemcraBieHO Takoe
«BHYTpEHHEe» OIMcaHWe Tjaroja B CeMaHTUYe-
CKOM cJioBape. OTOT cjloBapb aBTOMaTUYECKU Tre-

Hepupyercst PCC-cucremamu JIMEC2, JIOTOC-/,
MKC B mmporiecce 00pabOTKM €CTECTBEHHO-SI3BIKOBBIX
TEKCTOB.

2.2 OcobeHHOCTHY NMPUMEHEHMS anIapara
pacIIMpeHHbIX CEMAHTUYECKUX CETEM
B KOTHUTUBHO-JIMHTBUCTUYECKOM
MOJIETMPOBAaHU N

Hanum kpatkoe onucanue anmnapara PCC u o6oc-
HyeM BBbIOOP MMEHHO 3TOr0 METoJa MpeaCTaBICHUS
IIJIST MOACTMPOBAHUS €CTECTBEHHOTO sI3bIKa. Kitaccm-
YecKoe TIOHSTHE CEeMaHTHIECKOI CETH CBOIMTCS K ClIe-
IyIOIIEeMY: 3aJaloTCsl HEKOTOPBIE BEPITUHBI, COOTBET-
CTBYIOLIME 0ObEKTaM, BEPILIMHBI CBSI3bIBAIOTCS JyraMu,
KOTOpbIE TTOMeYaloTcss UMeHaMu OTHoleHuit. OnHa-
KO C TMOMOIIIbI0 MOJOOHBIX CeTeit OKa3bIBAETCs TPYI-
HO TIPEICTaBISITh CIOXHBIC BUIBI MHGMOPMAIINU, Ha-
mpuMep, KOoraa OOBeKThI, CBSI3aHHBIC OTHOIICHUSIMU,
00pa3yIoT arperatbl U KOrJa OTHOLIEHUS CBSI3bIBAIOTCS
MEXIy co0oil oTHomeHusiMU U Ap. [loaTomy B cetu
BBOISTCSI BEPLIMHBI, COOTBETCTBYIOIIME MMEHAM OT-
HOLUEHU, a TAKXE CIELHUAIbHBIA KOMITO3ULIMOHHBII
SJIEMEHT, Ha3bIBaeMbIl BEPIIMHON CBSI3W. BepimmHa
CBSI3M KaK OBl «pa3pbIBaeT» AYTY W IOICOEIUHSIETCS
OIHUM PeOpPOM K BEpIIMHE-OTHOIICHUIO, a IPYTUMU
pebpamu — K BeplIMHaM-o0beKTaM. PaciimpeHHas ce-
MaHTUYECKasl CETh SIBJSIETCS pa3BUTHEM TaKOro copTa
ceTel B HATIPaBJICHUHU TTOBBIIIICHNST N300pa3UTeIbHBIX
BO3MOXKHOCTEI IPU COXpaHEHUN CBONCTBA OTHOPOI-
HOCTH.

OcnoBoit PCC gBisgeTcsT MHOXECTBO BepIINH
(V), U3 KOTOpBIX COCTaBJISIOTCS 3JeMEHTapHbIe
dbparmentsr (O®) Buma Vo (Vi, Vo, ..., Vi/Vit1), THe
Vo, Vi, Va, .. .,Vk,Vk+1 > 0.

Takoit hparMeHT mpeacTaBiseT k-MECTHOE OTHO-
meHue. [logunuu BepmmH B DD ompenensior mx
pomu. BepmmHa V) cTaBUTCS B COOTBETCTBUE MMEHU
OTHOILLIeHUs, BepiinHbl Vi, Vo, ..., Vi — oObeKkTaM,
YYacTBYIOLIMM B OTHOUIEHWH, a BeplunHa Vi1, OTIe-
JIEHHAas KOCOM JINHUEW, — BCEM COBOKYITHOCTH YITOMS -
HYTBIX OOBEKTOB C YYeTOM WX OTHOUIeHWs. B majb-
Heifiem Oynem Vi41 HasbBaTh C-BepmmHon DO.
MuoxectBo D®dD ob6pasyer PCC. C momomnio PCC
MPEeACTaBSIOTCS HAOOPHI OTHOILIEHUA, pa3IUUHbIE CU-
Tyaluu, ciieHapuu. CusbHoli ctopoHoit PCC-nonxo-
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Puc. 3 CemMaHTUKO-CUHTAKCUUECKUI aHAIN3 O€3 BBISBIEHUS I1aroIbHbIX CJ'[OBO(I)OpM

MporpammHan
cucrema

Bkntovaer

KoHuenTyanbHbIN
ypoBeHb

~
Yo

SEMSTR

Puc. 4 LlenoctHas ceMaHTHYECKAsE CTPYKTYPA IIPELTOKEHMS

1a SBJISIETCS BO3MOXKHOCTH OTHOPOTHOTO IIPEICTaB-
JIEeHUsI KaK TpeAMEeTHON (KOHLENTyalbHOI), Tak M
JIMHTBUCTUYECKON WH(pOpMaLUU, 4TO OOecIreunBaeT
a(pdexTuBHYI0 00pabOTKy 3HAHUN U TOAAECPKAHUE
HeTnpoTuBOpeunBoCcTH b3.

IMocpencteom PCC B B3 mpencraBieHbl JUHTBU-
CTUYeCKHe U TIpeAMeTHbIe 3HaHus. O0paboTKa 3TuX
3HAHMI OCYLIECTBIsIeTCS mponyKiuusMu si3bika JIEKJT,
Ha KOTOPOM pean30BaHbI CICIYIONINE IeCTh OJTIOKOB:
MOp(}OJIOTMYeCcKOTo aHaIN3a, CEMAaHTUIECKOTO aHaJIH -
3a CJIOB, CMHTaKTUKO-CEMaHTUYECKOTO aHaan3a (hopM,
nparMaTuueckux (pyHKIIM, opraHu3aluyu CUCTEMHOM
aKTUBHOCTU M OOpaTHBIN JTUHIBUCTUYECKUI MpoLec-
cop. C mOMOINIBIO TIPOAYKIIMI OCYIIECTBIISIETCS T10-
clienoBatesibHOe Tpeodpa3oBanne cetn — PCC. Ipu
9TOM MPOXOAATCS (Da3bl, COOTBETCTBYIOIINE YPOBHIO
MOHUMAaHMUS BXOJHOTO TeKcTa. PaccMoTpum ux.

1. Ha mepBom 1mare aHajau3a CTPOUTCS MPOCTpaH-
CTBEHHasl CTPYKTypa MpemIokeHus ¢ Mopdoso-
rM4eckoil uHpopMauuei s KaXAOoro CJIOBa.
Kaskmplii ueH MpemToKeHUS TIPeACTaBISICTCS BEp-
IITHON ceMaHTW4YecKoit cetr. BmecTo cioBa re-
HepupyeTcs: Kol (ecii CJI0BO MHOTO3HAYHO, T.e.
MPUHAIJIEKUT K HECKOJIBKUM KJlaccaM, — TO 0oJiee
onHoro kona). OCHOBOI Koja CTy>KUT KOPEHb CJI0-
Ba. Ha aToMm 3Tarre mpeiokeHne peacTaBIseTcs
B Buae Habopa ¢parmenToB tuma LRR (crienm-
aJIbHBIX METOK pe3yJbTaToOB 1-ro 3Tama aHajiu3a),
00bEIUMHSIEMbIX B LIEJIOCTHYIO CTPYKTYPY MOCpen-
CTBOM BepILIMHBI CBsI3U. Pesynabrar 1-ro 3Tama
IOCTOSTHHO o0palaeTcs K cioBapio: «4To 3HauuT
ITAHHOE CJIOBO?»

2. Ha BTOpPOM 3Tarie KaxXKaou BEPHIMHE COITOCTABJIACT-
Cs1 CEMAaHTHUYECKU M K1acc U IIpUCBanuBaACTCA HOBBII
Koa. 3a clioBaMM (T. €. KOHKPETHBIMM BEPIHIMHAMU

PCC) cucrema BUOUT OOBEKTHI, ICHCTBUS, CBOM-
CTBa, T. €. CTpOUT Kiaccudukauuu. [Tpoussonurcs
CEMaHTHUKO-CUHTaKCUYECKHIT aHaIn3 Oe3 BhISIBIIC-
HUS TJIATONBHBIX CIOBO(OPM, TIPU BTOM TIpea-
JIOKEHWE TIPEICTABIISETCS B BHUIIE COBOKYITHOCTU
¢parmenToB Tuira SEM u SEMD — cnienimajibHBIX
METOK pe3yabTaToB 2-To 3Tana aHaiu3za (puc. 3).

3. Ha tpetbem 3Tarie MpOMCXOOUT YAaCTUUYHOE «CBO-
paunBaHMe» CUHTAKCUUYECKUX CTPYKTYp B Ooiee
KOMITaKTHBIE (HAIIPUMED, CBOMCTBO O0BEKTA K cCaM
00BEKT) ¢ IpUCBaNBaHWEM HOBOTO KOJA Y CTPOMT-
cs ¢pparMeHT sl 00beKTa, 00JaJalolero 3TUM
CBOMCTBOM.

4. Ha yeTBepTOM O3Tame BBISBISIOTCS OTHOILLEHMUS
U JEUCTBUS M MPOU3BOAMTCS aHAIU3 HEMOCpea-
CTBEHHOT'O KOHTEKCTa Ha COOTBETCTBHME 3aaHHBIM
ceMaHTWYeCcKNM TrajgexkaMm. Cucrema IpoBepsierT,
TTOAXOIAT JIM OOBEKTH (KOHIIETHI, TIOHATHS) Ha
apryMeHTHbIE MecTa JAHHOTO IeCTBUS UJIU OTHO-
meHust. [1pu 3TOM OTraroibHbIe CYIIECTBUTEIb-
HBIE («IeIaTeNb», T. €. aTeHT ACHCTBUS, WU «IeIa-
HUe» — TIPOoIecC — aHAJIU3UPYIOTCI KaK CJI0Ba C
IBOMHOW MPUPOION: BHAYAJIe KaK IEMCTBUS, a 3a-
TeM KaK 00beKThl). Pe3ynbsraToM aTOro aTamna siisi-
eTcsl LeJOCTHAsl ceMaHTUJecKasi CTPYKTypa mpe-
JIOKEHUSI, KOTopasl MpeacTaBisieTcss (parMeHTOM
tinrmta SEMSTR — Metku pesynbrata 4-ro sTara
aHamm3a (puc. 4).

5. Ha ngTom sTare mpoucXoauT aHaau3 MparMaTu-
KM: yCTaHOBJIEHUE KopedepeHIInaaIbHbIX OTHOILIE-
HUI1, 9aCTUYHOE BOCCTAHOBJICHUE DIITTUTITUYECKIX
KOHCTPYKLMIA, CUCTEMA MTPOM3BOAUT JaJbHENIIINE
JIEMCTBUS C TIOCTPOSHHBIMU (hparMeHTaMMU.

Cuctema JIMEC nomyckaeT BBOJ TMOJMCEMUYHBIX
¢opMm raaroyioB. JIjist 3TOro cleayeT BOCHOIb30BATh-
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csl (hopMaJIbHOI 3aMUChIO0 JUHIBUCTUUYECKUX 3HAHUIA.
B cucremax, ocHoBaHHbIX Ha PCC, Bce pyHKUMU pea-
JIM30BaHbI HA €IMHOI OCHOBE — B paMKax s13b1koB PCC
u JIEKJI, kotopble ObLIM pa3paboTaHbI C OpUEeHTALIMEH
Ha 3a1a41 00pabOTKHN €CTECTBEHHOTO SI3BIKA.

3 IlpencraBiieHUE CEMaHTUKU
[JIaroJIOB, IITyOMHHBIS
U TTIOBEPXHOCTHBIE CTPYKTYPhI

B nporiecce aHanu3a BBISIBISIIOTCS CEMaHTUUYECKUE
BEPILUVHBI MPEUIOKEHUST: TTPOUCXOAUT BBISBICHUE
«CJIOB-IEUCTBUI», T.€. IJIATOJIOB, U «CJIOB-OTHOLIE-
Huli». YTo Xe SBJISIETCS KOHCTPYKTUBHON OCHOBOM
3alaHusI CeMaHTUYECKUX TPEACTaBICHUIN MpeauKaT-
HBIX CJIOB U BbIpaxeHuil? Kak ydemutenbHO TO-
KazaHo B pabOore [6], ceMaHTWMKa TIJlarojia OIpeIe-
JISIETCSL €0 AUCTPUOYTUBHO-TPAaHC(HOPMALIMOHHBIMU
cBoiicTBaMu. [loaTOMY CMBICIT MpPEAUKATHBIX BbIpa-
JKEHUMI TOJIKeH KOAUPOBATHCS C YUETOM UX JUCTPUOY-
TUBHBIX U TpaHC(HOPMALIMOHHBIX TPU3HAKOB.

BoinBuHyTast psimom JTMHTBUCTOB (Xomckuii, Pu-
JIMOpD) TUMOTE3a O TOM, YTO BCE MPENIOXKEHUsT UMEIOT
TIyOMHHBIE Y TTOBEPXHOCTHBIE CTPYKTYPHI [7—10], 1B1-
JIaCh OYEHb MPOMYKTUBHBIM UCTOYHUKOM IMPOEKTHBIX
peleHuit pu co3naHuu nepsoix PCC-cuctem u pas-
BUBAJIach B TaJbHEUIIEM.

B TeopeTuko-IMHIBUCTUYECKOM TTOHUMAHUU TJTy-
OWHHAas CTPyKTypa — 3TO aOCTpakilus, comepxkamias
BCE 2JIEMEHTBI, HEOOXOIUMBIE ISl 00Opa30BaHUS TO-
BEPXHOCTHBIX CTPYKTYP MPEMJIOXKEHUN CO CXOIHOM ce-
MaHTHUKOWN.

B uWHXEHepHO-TMHTBUCTUYECKOM MOHUMAaHUU
IIyOWHHAs CTPYKTypa — 3TO 3aluch Ha s13bike b3,
HanpuMep Ha sa3bike PCC, KoTopast MOXeT ObITh Mpe/i-
CTaBJIeHa B «[TOBEPXHOCTHOM» BUE Ha OTHOM U3 €CTe-
CTBEHHBIX $3BIKOB B pe3yJIbTaTeé KOHEYHOTo 4Yucia
olpeesieHHbIX npeodpa3oBaHuil. Hampumep, npen-
JIOKEHWUS

(1) The programmer writes the code
(2) The code is written by the programmer

MMEIOT UCTOKOM ONHY TIIyOMHHYIO CTPYKTYPY:

Programmer <---- wite ----> Code
agent obj ect,

XOTSI U OTJIMYAIOTCS] CBOMMM MTOBEPXHOCTHBIMU CTPYK-
Typamu. B KaxaoM M3 Hux uUMmeercsl areHT (the
programmer), o0bekT (the code) u neiictBue (write).
CorlacHO KOHUEMNIUU nadexcHoil epammamurxy Pum-
aMmopa [7] miyOuMHHaAsi CTpyKTypa st o0OuX IIpe-
JIOKCHWI WHBapWaHTHA. DTy CTPYKTypy MOX-
HO TMpeacTaBUTh B BHUIE CKOOOYHOW  3amucu
V(AGENT, OBJECT). B rpadhrueckom Bujie rryOrH-
HasI CTPYKTYpa MPEIOKEHIS TAKKE MOXKET OBITH ITPe/I-
CTaBJicHa ITUarpaMMOM B BHUE JAepeBa, TIe OTPakKeHBI
WHBapHaHTHBIC OTHOIIICHUS 3aBUCUMOCTH MEXKIY TIpe-
JUKATHOM BEPILIMHON M aKTaHTamMu (puC. 5), MpUYEM
B TaKOM TIpeCTaBJIEHUH SIBHBIM 00pa30M pa3rpaHuvM-
Batotcst modaarvHocms (MOD) u nponosuyus (PROP).
B ucxonHoMm BapuaHTe [7]| Teopus MNpu3HaBajia
LIEeCTh Majexei: areHTUB, WHCTPYMEHTAIUC, AaTUB,
00BEKTUB, JoKaTuB U (akTutuB. [lo Mepe pa3Butus
Teopuu [10] TIponcxoauiao yBelIMYeHHWE YUCIa Taje-
ke, OTHAKO «YMHOXEHME» KOJIMUECTBA MajaexKeil yTsi-
KeNsieT TIepBOHAaYaIbHYI0 KOHMUIypaluio, MO3TOMY
MPU TTOCTPOSHUN UHKEHEPHBIX CEMaHTUUYECKUX MPeI-
CTaBJIEHUI TPeOyeTCsT HEKOTOPBIN «KOMITPOMUCCHBI»
BapHMaHT, COYCTAIONINI B cebe HEOOXOTUMYIO TTOTHOTY,
C OITHOI CTOPOHBI, M IPOCTOTY ¥ THOKOCTH, C APYTOA.

4 HexoTtopbie 6a30BbIe aCMEKThI
MMOCTPOCHMS MHOTOSI3BIYHBIX
CUCTEM

OmHUM 13 TPUOPUTETHBIX HAIIPABICHUM pa3BUTHS
PCC-cucrem saBisieTcst obecrieueHre o0paboOTKI TeK-

S
|
[ 1
MOD PROP
|
[ I 1
\% OBJ AGENT
| |
[ [ |
K K NP
PRES write the programmer the code

Puc. 5 TnyGunHag cTpyKTypa MpemioxXeHnit
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CTOB Ha HECKOJIbKUX sI3bIKaX, MPeXIe BCEro sl pyc-
CKO-aHIJIMICKON sI3bIKOBOM TMapbl. B cuctemax 2-ro
nokoyieHus: — JAMEC2, UKC, JIOTOC-/I ob1n pe-
aJIM30BaHbl JIMHTBUCTUYECKUE MPOLIECCOPHI U CIOBa-
pU U1 PYCCKOTO U AHTJIMICKOTO $SI3bIKa, MO3BOJISIB-
e oopabarsiBaTh TeKCThl 1151 psina [10. Ipu atom
MOJIePKUBAJICS KaK PeXKUM BBOAA JUHIBUCTUUECKUX
3HaHWU JIMHTBUCTOM-aHAIUTUKOM, TaK U aBTOMaTHye-
CKHI peXuM caMOOOy4YEHUSI CUCTEMBI MO BBOAUMBIM
TEKCTaM.

ITpoBoaMANCh TAKXKE DKCIEPUMEHTHI C WTAIbSIH-
CKMM 1 (paHILy3CKUM A3bIKOM. [1pn co3gannm MHOTO-
S3BIYHBIX CUCTEM aBTOPBI 00paIIaIniCh K €eBPONENCKIM
s3pIKaM. O4YeBUIHO, YTO €BPOIICICKIE SI3BIKK 00Ja-
JAI0T OOJBIIUM UYKMCIOM OOILLIUX TpaBuj, 4eM JI000i
W3 HUX C g3BIKaMM Ipyrux rpymmn. Ho mpu aTom Bce
€CTeCTBEHHBIE SI3BIKM 00JIaaoT OOIIEN CTPYKTYPOil Ha
caMoOM TJIyOMHHOM ypoBHe. Ha 3TOM ypoBHE pacrio-
JlaraloTcsl IIaBHBIE DJEMEHTHI €CTECTBEHHOIO sI3bIKA:
npeonodcerue, MoOasbHOCMb, NPONO3ULUSL.

MonenupoBaHue CMBICIOBBIX MPEACTaBICHUN —
3TO MPOLIECC, Pa3BUBAIOIIMIICS B HAMPABICHUU OT IO~
BEPXHOCTHBIX CEMaHTUYECKUX CTPYKTYP K IJTYOMHHBIM.
[Tourck Takoro BHYTPEHHETO MPENCTABICHUS CMBICTA B
YCJIOBUSTX MHOTOSI3BIYHOM CUTYAIIN U SIBJISIETCSI HATIPAB-
sieHueM pa3Butus metonoB KJIM Ha 6aze PCC.

JInHrenctnyeckmne
3HaHUA

!

A3bIKOBOM
npoLeccop

Y

CeMaHTUYeCcKui
cnoBapb

MpeameTHble
AHANIUTUKNK

5 HWHTennexTyajabHbIe CUCTEMBI
MOAAEPKKM aHATUTUYECKUX
pelIeHU

Cucremsl PCC 3-ro m 4-r0 TIOKOJIEHUS HaIlpaB-
JIEHbl Ha U3BJIeYeHUE 3HAHWI B BUIE 006€KMmMo6, I
cywpocmetl, W CBSI3ed MEXIy HUMM W3 TPEIMETHO-
OPUEHTHPOBAHHBIX TEKCTOB Ha PYCCKOM W aHTJIMIACKOM
s3bIke [4, 5].

B Hacrosmiee BpeMst BO BCeM MUPE aKTUBHO BEIYT-
cs pabOTHI IO CO3MAHUIO CHCTEM M3BIIeUeHUS (DAKTOB
13 TEKCTOB Ha €CTeCTBEHHBIX sI3bIKax [11—14], co3na-
I0TCS1 pa3BUThIe Te3aypychl U oHTOJ0oTUM [15]. Cucre-
Mbl PCC (yHKIMOHANIBHO IIMPE, TOCKOAbKY UMEIOT
BO3MOXHOCTb He TOJIbKO U3BJIeKaTh (PaKThl, HO U MO -
JIePXKMBAaTh MEXaHW3MBI JJOTUUSCKOTO aHaj3a M DKC-
IIEpPTHOTO BBIBOJA HAa OCHOBE WM3BJICUCHHBIX 3HAHWA.
Cucremamu Takoro pona spisitorcss MCITAP. B 1e-
JIOM 5TO HallpaBJIeHUEe UCCeIOBaHUN TpedyeT aalib-
Helel mpopadboTKu JIEKCUKO-CEMaHTUUYECKUX Mpe-
CTaBJICHWI, CO3MaHUS TIPEIMETHO-OPUECHTUPOBAHHBIX
CEMaHTUYECKUX CIOBapeii.

O6o00menHoe (GYHKIIMOHAIBHOE IIPEICTaBIICHIE
cucrem UCITAP nano Ha puc. 6.

Busyanunsauma
basa 3HaHui cywHocTewn
n cBAzen
Bnok TnybuHHoe
NOrnyeckoro npeacTasneHune
BbIBOAA B 3anucax b3
M3BneyeHune 5333 AaHHbIX
cylHocTeik A
n cBAzen
[wnanorosbii BonpocHo-
NHTEpodelic oTBeTHaA
nonb3oBaTtens noacucTema

Puc. 6 O6o61mennoe GpynxkunoHaasHoe npeacrasienue cucreM UCITAP
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B pamkax MCIIAP Ha ocHoBe PCC (MCITIAP—
PCC) Obum peanuszoBaHbl MOJHOMACILITAOHBIE U
MUJOTHBIE TPoeKThl 1s1 psaa [1O: KpuMHUHAIUCTU-
KU, yIIpaBJIeHUS KaapaMi, MOHUTOPMHTA (DTHAHCOBO-
SKOHOMMYECKOTO Kpu3nca u ap. [4, 5].

6 IIpumMmeHeHUe ammapara
pacIIMpeHHBIX CEMaHTUYECKUX
ceTeil B IMHIBUCTUYECKUX
HCCIIETOBAHMSIX

B HacTos111ee BpeMs1 B paMKax MpOeKTOB, HampaB-
JICHHBIX Ha CO3IaH1e OTKPHITHIX IMHIBUCTUYECKUX Pe-
cypcoB [16] m1st Hay9YHO-TIPAKTUYECKNX LIEJIEH, BELYT-
¢s1 pabOTHI MO BEIPABHUBAHUIO TTApaJIJIEIbHBIX TEKCTOB
Hay4YHBIX cTaTelt, TaTeHTOB U (DPMHAHCOBO-3KOHOMUYE-
CKMX TeKCTOB. B KauecTBe 0OIHOTO U3 METOIOB BhIpaB-
HuBaHUS ucnonb3yercss PCC-momxom, MOCKOIBKY OH
ITO3BOJISIET OTPa3UTh TIIYOMHHO-CEMaHTHUECKUI ypo-
BEHbB SI3BIKOBBIX CTPYKTYP.

Ha puc. 7 npencraBneH ¢pparMeHT MepBOro srarma
JIMHTBUCTUYECKOTO aHAJIN3a B MHOTOSI3BIYHBIX CHCTE-
Max. [l «umeanbHOI» CUTyallnH, KOTIA CTPYKTYPBI
MCXOAHOTO TEKCTa M TeKCTa MepeBofa MpaKTUUeCKU
COBITAJAIOT, TaKasl CUTyalllsI UMEET MECTO B MEHbILIMH-
cTBe ciydaeB. OCHOBHBIE TPYIHOCTH BO3HUKAIOT MpU
HaJIMINU TIEPeBOMYECKUX TpaHC(hOpPMAIMii B ITapa-
JIETBHBIX TekcTax. (Ocoboe BHMMaHHE CIICOyeT yiae-
JISITB TJIATOJIBHO-UMEHHBIM TpaHC(hOpPMaIUsIM, HATIPH-
Mep SIBJICHUIO HOMUHAAU3AYUU, TIOCKOJIbKY OHa OY€Hb
MPOAYKTUBHA JIJIS BCEX MCCIEIOBABIIUXCS SI3bIKOB.

KomroueBoit 3amaueii mpu pa3pabOTKe METOIOB CO-
MOCTaBJIeHUsI TapaJieIbHbIX TEKCTOB SIBISIETCSI BbI-
sIBJIEHUE U JeTaJbHOE OIMUCAaHNE TeX SI3bIKOBBIX TPAHC-
¢dopManmit, KOTOpble MMEIOT MECTO TMpU MepeBoe
€CTeCTBEHHO-SI3BIKOBBIX KOHCTPYKITUI C OTHOTO SI3bIKa
Ha apyroii [17], moTomMy 4To 1aJIeKO He Bceria HeKoe Co-
nIeprKaHWe TIepeaaeTcsT CTPYKTYPHO-TIOTOOHBIMU CpeI-
CTBaMM B T€KCTaxX Ha pa3HbIX s13bIkax. CpaBHUTEJbHOE
HCcea0BaHMe YITOTpeOIeHUS pa3InuHbIX YacTel peun
B TIapaJUTeJIbHBIX TEKCTaX Ha Pa3HBIX SI3bIKAX CO3HacT
OCHOBY TSI BBISIBJICHHST M OTTMICAHMST SI3BIKOBBIX TPAHC-

HpOFpaMMHaS{ CUCTEMaA BKIIIOYACT KOHHGHTyaJ’IbHHﬁ YPOBEHb

w w, w; w, Ws
Puc. 7 Tlepsolii oTan aHanu3a napauienbHbIX TeKCTOB (W,
obo3HavaeT cJioBoopMy ¢ HoMepoM n, 1 < n > 5)

dopmanuit, mpu 5TOM LIEeHTpaIbHOM TpaHcdopMaIei
SIBJISIETCSI HOMUHAAU3ayus. SIBJIeHVe HOMUHAIU3AIUU
ObUIO MCCIEIOBAHO B psiie pabOT OTEYECTBEHHBIX U
3apy0ekHBIX JTMHTBUCTOB [17—20]. bimxke Bcero K
MPaBWJIBHOMY, TT0 MHEHUIO aBTOPOB NAHHOW CTaTbH,
TMOHMMAHUIO 3TOTO SIBJICHUS CJEAylolre oIpeaese-
HUsI HOMUHAQJIM3ALUU; «<KOHCTPYKIIMHU. . . HA3bIBAIOTCS
HOMUHAQJIM30BaHHBIMU — B TOM CMBICJIE, YTO UX €CTe-
CTBEHHO paccMaTpuBaTh KakK pe3ysibTaT HOMUHAN3a-
LIMY KOHCTPYKLUIA ¢ TPEIUKATUBHBIM YyIIOTPEOIIEHUEM
IJIaTOJIOB M TIPWJIATATeIbHBIX»; «HOMWHAJIM3AINSI —
9TO CUHTAaKCUYECKUN MPOLIECC, KOTOPbIi COOTHOCUT
MPeUIOKEHUST C UMEHHBIMU TpyrmnaMu» [17, 20]. Bbr-
SIBJICHWE HOMWHAIM30BAaHHBIX KOHCTPYKIIVI B TIapai-
JIETBHBIX HAYYHBIX W TTATEHTHBIX TEKCTaX HAa PYCCKOM,
AHTJIMICKOM, (DPaHITy3CKOM U HEMEIIKOM sI3bIKaX B
HayyHbIX M MATEHTHBIX TEKCTaX M COMOCTaBUTEIb-
HO€ OMUCaHWe IJIaroJibHO-UMEHHBIX MEXbsI3bIKOBBIX
TpaHcdhopMalluii — ofHa W3 LEHTPaIbHbIX 33a4 WH-
>KEHEPHO-TMHTBUCTUIECKUX NCCIICTOBAHUIA.

Crenyroleit 6a3oBoit TpaHchopmalmeil B uccie-
JTyeMbIX TEKCTaX Ha HECKOJIbKHUX eBPOTEUCKUX SI3bIKAX
SIBJISIETCST aIbeKTUBHO-aABepOMaIbHOE Tpeodpa3oBa-
HUE. DTO 03HAYAET, UTO MPU TIEPEBOJIE C OHOTO SI3bIKa
Ha JAPYroil MPOUCXOAUT CUHTAKCUUYECKOoe Mpeodpa3o-
BaHUWE MUMEH IpUiaraTeJibHbIX B HApeuusi U 00paTHOe
npeo0Opa3oBaHNe — HApe4Yuii B IpuiaratebHble. YcTa-
HOBJIEHUE CEMAHTUYECKUX COOTBETCTBUN MEXIY ITH-
MM SI3BIKOBBIMU OOBEKTAMU TAKXKE BO3MOXKHO OCYIIE-
CTBUTH NMocpeAcTBoM amrapara PCC.

Ipu cemaHTMYeCKOM BBIPABHUBAHWUW HeMapan-
JIEJIbHBIX TEKCTOB, MMEIOIIMX ONHY W Ty Xe IeHO-
TaTUBHYIO cocTapjstonyto, amnmnapaT PCC mosBosns-
€T BBbISIBUTb B TEKCTaX KOTHUTUBHBIE OIMOPHI (CIoBa C
CIJIBHOM BaJIECHTHOCTBIO — «CJIOBa-AEHCTBUSI» M «CJIO-
Ba-OTHOIICHUST») M YCTAHOBUTHh MEXIY HUMM CEMaH-
TUYECKUE COOTBETCTBUSI.

7 3axKiIoyeHue

B manHOil paboTe IpencTaBi€H OIBIT CO3IAHMS
U Pa3BUTUSI KOTHUTUBHO-JTMHIBUCTUYECKUX IIPEACTAB-
JICHU B MHTEJUIEKTYaJbHBIX HWH(MOPMALIMOHHBIX CHUC-
TeMmax, pazpaboTaHHbIX Ha ocHoBe anmapaTta PCC. An-
mapat PCC oGecrieurBaeT MOIIHbIE N300pa3UTe/IbHbIE
BO3MOXKHOCTH [IJIs1 OIIMCAHMSI BCEX YPOBHEN €CTECTBEH-
HOTO $I3bIKa, BKJIIOYAsl yPOBEHb IJIyOMHHO-CEMaHTH-
YECKUX TMPEICTABICHUN MW MEXbSI3bIKOBBIX COOTBET-
ctBuii. KOHKpEeTHBIE TUHTBUCTUYECKIE TTPOLIECCOPHI,
KOTOpBbIEe OBLIM CO3laHbl HAa OCHOBE 3TOr0 IOIXO[a,
MPOLILIN OINpeAeeHHbINA MyTh Pa3BUTHSI U MO3BOJIAIN
BBIPAOOTATh IPOEKTHHIE PEIeHNsI 1JIsI OCHOBHBIX 3a1a4
TEKYIIIEero 3Tara — U3BJe4eHUsT 1 00pabOTKU coaepka-
TEJIbHBIX 3HAHUI U3 TEKCTOB Ha €CTECTBEHHBIX SI3bIKaX
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U COIOCTaBJIEHUsI SI3BIKOBBIX CTPYKTYP B T€KCTax Ha
Pa3IMYHBIX SI3bIKAX C y4EeTOM 0a30BbIX TpaHchopMa-
LU,

IlpoGnema wu3BiAeYeHUSI U OOpaOOTKM 3HAHUM
OTKPBIBAET MEPCIEKTUBbI Pa3BUTHUSI MHTEJJIEKTYyalb-
HBIX HallpaBJIeHU KOMIBIOTEPHOI TUHTBUCTUKMU, TTO-
CKOJIbKY €€ OCHOBHOI akKIIeHT CMEIIeH B CTOPOHY
IYOUHHBIX TMPEACTaBACHUMN $S13bIKa, B KOTOPBIX MC-
TTOJTB3YIOTCS KaK TpaMMaTHIecKue (MOpdoIoTnIecKe
W CMHTAKCHYECKME), TaK M CeMaHTUIECKHE aTpuoy-
Thl 11 ONMMCAHUS SI3bIKOBbIX 00BEKTOB. IIpoBoau-
MbI€ aBTOPaMU UCCIEAOBaHUS MapaieIbHbIX TEKCTOB
HampaBJieHbl TaKXe Ha pacCMOTpeHHe 3Tol TMpoobJie-
Mol [16]. LleHTpanbHOE MECTO B TTPOBOISIIIMXCS JIMHT -
BUCTMYECKHX MKCCJIENOBAHUSX 3aHUMAET M3yYeHUE U
dopManM3anmsl MpoLeccoB TpaHCHOPMALIUM SI3bIKO-
BBIX CTPYKTYP, OCOOCHHO BCE BapMaHThI IJIarojbHO-
HOMUHATUBHBIX TpaHchopMaluii, co3naHue pa3BU-
TBIX IUCTPUOYTUBHO-TpaHC(HOPMALIMOHHBIX ONTUCAHU I
MPeIuKaThIX CTPYKTYP JJIs pacCMaTPHUBAEMbIX SI3bIKOB.

Jnsa  3agay  u3BJA€YEHUs] 3HAHUKW U CO3AaHUS
HCIIAP auctpubyTuBHO-TpaHC(hHOPMAIIMOHHBIE OTH-
CaHUS MMEIOT 0co00e 3HaueHUe, IMOCKOJIbKY TaKuUM
00pa30oM 3a/1al0TCsI BCE BO3MOXHBIE CITOCOOBI MTEPEBO-
J1a SI3bIKOBBIX CTPYKTYP B MpeIMKaTHO-apryMEeHTHbIE
MpencTaBaeHUsI, KOTOPbIE 3aT€M UCIOJIb3YIOTCS B ITPO-
eaypax o0paboTKU 3HAHUIA.
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TYPOLOGY AND COMPUTER MODELING OF TRANSLATION

DIFFICULTIES*

N. Buntman', J.-L. Minel?, D. Le Pesant?, and I. Zatsman*

Abstract: The problem of generating of goal-oriented knowledge systems in linguistics is reviewed. The problem
belongs to a new research area, which is called “cognitive informatics.” The article focuses on computer coding of
goal-oriented knowledge systems using as an example the typology of Russian-to-French translation difficulties.

Keywords: time-dependent semiotic model; goal-oriented knowledge systems in linguistics; denotata; concepts;

information objects; computer codes

1 Introduction

The papers [ 1—3] describe a new area of the research that
aims to develop the theoretical foundations for creation
of information and communication technologies (ICT)
providing goal-oriented development of new knowledge
systems. It was proposed to name such systems as
goal-oriented [1, 2]. Goal-oriented knowledge systems
(GOKS) can be constructed and used practically in any
area of science [3]. The problematics of knowledge
system generation belongs to the informatics as the
computer and information science [4]. The reason for
this is that a description of knowledge system generation
processes covers the mental sphere (knowledge), the
material sphere of physical objects and phenomena,
the social communication sphere (information), and
the digital sphere (computer codes) [1, 2]. Within the
bounds of informatics, this new area of research relates
to cognitive informatics’ [5—7].

The purpose of developing the theoretical foun-
dations for creation of ICT that should provide
generation of a GOKS in linguistics and other fields
and areas of application is the solution for at least three
pressing problems: (7) identification of GOKS concepts;
(i) evaluation of the relevance of a generated GOKS to
cultural, educational, economical, technological, and
other needs; and (7i7) directed generation of a GOKS.

To solve these problems, the stationary semiotic
model of computer coding was built in [1]. The model
is designed for computer coding of GOKS concepts,

*This research is partially funded by RFBR Grant No. 09-07-00156.

information objects, and denotata of the physical nature
(physical objects) or denotata of the digital sphere, based
on the fact that they all do not change over time.

Then in [2], the time-dependent semiotic model
of computer coding of GOKS concepts was built,
taking into account that concepts, information objects,
and denotata can be changed over time within GOKS
generation processes.

The model was illustrated with an example of a
GOKS about indicators in science. In the example, each
denotatum is a combination of programs for computing
values of an indicator and database information,
used by those programs. Along with modification
and interpretation of denotata, i.e., programs and
information, expert users are forming GOKS concepts,
reflecting the evolution of indicator meanings. Each
stage of indicators evolution has been fixed by an expert
as a descriptor of the semantic dictionary (thesaurus)
of an information system (IS), where one of the fields
contains the name of the indicator assigned by the expert
as its author. The model treats an indicator’s name as
an information object. This model gives the users of the
IS the ability of computer coding of GOKS generation
processes in the thesaurus.

The model defines a new multidimensional space,
which is called Frege’s space [2]. Each point of the space
fixes at a given time moment the state of evolution of
three entities:

(1) GOKS concept, i.e., meaning of an indicator at
that moment;

IFaculty of Foreign Languages and Area Studies at Moscow State University, nabunt@hotmail.com

2Université Paris Ouest Nanterre La Défense, jean-luc.minel@u-paris10.fr
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5 Cognitive informatics is the direction in informatics as computer and information science, which is the study of computational processes
and the development of information and computer systems using methods of cognitive science that studies the mental processes (cognitive and
creative) and mental objects (concepts), and the study of forms of presentation of concepts, their evolution, cognitive and creative processes

using methods of computer and information science [2, 5—7].
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(2) information object, corresponding to the concept
(in the example, it is a name of an indicator); and

(3) denotatum, corresponding to the concept (in the
example, any denotatum is a combination of
programs and information).

A set of points, where each point fixes the state of
evolution of three entities above at a given moment,
is a network trace route of evolution of a GOKS over
time [2].

The main goal of this paper is to describe the prob-
lem of GOKS generation in linguistics. The key task of
the problem is computer coding of GOKS generation
processes in the thesaurus. To solve the key task of the
problem, it is suggested to use the time-dependent semi-
otic model from [2]. The paper discusses a GOKS in
order to build the corpus-oriented #ypology of Russian-
to-French franslation difficulties (TTD) [8]. Develop-
ment of a method of computer coding and of the software
is the initial stage of a project of constructing TTD as a
GOKS in linguistics.

In this paper, the three key terms of the time-
dependent semiotic model are used: (i) denotatum;
(i7) concept; and (i47) information object. In the field of
the TTD, these terms are treated as follows: denotatum
is a pair of fragments of parallel texts in Russian and
French, fixing a specific translation difficulty; concept
is a meaning of the definition of that difficulty assigned
by linguists-experts, as well as its position in the typol-
ogy; and information object is a verbal designation of
the concept, i.e., the name of a difficulty, consistently
adopted by linguists-experts. The TTD as a GOKS ex-
ample in linguistics is interesting because the denotatum
of each translation difficulty is a pair of fragments of
parallel texts in Russian and French, so it belongs to the
social communication sphere.

2 Creation of Knowledge Systems:
Review and Definitions

In 2004, a workshop of experts involved in the prepara-
tion of the 7th Framework Programme of the European
Union was devoted to a discussion of the problematics
of knowledge system generation, which was organized
by the European Commission [3]. The workshop was
named “Knowledge Anywhere Anytime: The Social
Life of Knowledge.” Experts from different countries
were invited to the workshop. Research on creation
of knowledge systems took place before, but socio-
economic approaches and models dominated, such as
SECI-model [9]. SECI means socialization, external-
ization, combination, and internalization. The SECI-
model uses the term facit knowledge, thus emphasizing
the personal experience of a subject and the subjective

understanding. The tacit knowledge is opposed to the
explicit knowledge.

By this opposition, the SECI-model is built dealing
with relationship between tacit and explicit knowledge.
The term knowledge by itself (with neither tacit nor
explicit adjective) is used for personal, collective, and
conventional knowledge, the bearer of which can only
be a human being. It is emphasized that a characteristic
feature of the explicit knowledge is its expressibility in
the form of information artifacts, such as books, articles,
Or reports.

Following the review of the workshop “Knowledge
Anywhere Anytime: The Social Life of Knowledge,”
which took place in Brussels, the invited experts have
prepared documents describing actual directions in the
problematics of knowledge systems generation and evo-
lution, including GOKS [3].

After 2004, the main results in this domain have been
associated with structuring and more detailed statement
of the problematics, as reflected in the 7th Framework
Programme of the European Union [10]. The document
contains formulations of a number of new directions and
challenges related to the problems of generation, evolu-
tion, and representation of knowledge systems.

Among recent publications that detail the problem-
atics, the most significant for the establishment of the
TTD as a GOKS are works of Wierzbicki and Nakamori,
devoted to the models of generation of new knowledge
systems, which distinguish between personal, collec-
tive (coordinated within the group), and conventional
knowledge [11, 12].

Developing the idea of Wierzbicki and Nakamori
on the division of personal, collective, and convention-
al knowledge, in [1, 2], knowledge systems and their
constituent concepts, as well as their corresponding
thesaurus descriptors were divided into three categories
(Table 1). This division became the basis for the def-
initions of personal and collective signs, personal and
collective concepts.

According to the definition from [13, 14], the person-
al sign differs from the traditional semiotic sign in that
two of its sides — the form and meaning of the sign —
may be in a relation of a temporary connection, mediat-
ed by the consciousness of one person, may compose an
unstable unity. In a period of GOKS generation time,
the form, personally perceived, represents the meaning,
personally assigned to this sign.

Collective sign differs from the personal sign that the
temporary relationship between its form and meaning is
mediated by the consciousnesses of several persons, and
is coordinated among them. Consequently, there are at
least two persons who use and understand coordinately
their collective sign.

Using the definitions of personal and collective signs
from [1, 2], the following approach to the categoriza-
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Table 1 Categories of knowledge systems, concepts and corresponding descriptors

Categories of knowledge Personal

and descriptors

Collective Conventional

Personal knowledge sys-
tems and concepts

Knowledge systems and
concepts

Conventional knowledge
systems and concepts

Collective knowledge sys-
tems and concepts

Descriptors of IS thesaurus ~ Personal descriptors

Normatively approved de-
scriptors

Collective descriptors

tions of concepts was suggested. FElementary personal
concept was defined as meaning of a personal sign, and
personal concept — as meaning of an expression of a nat-
ural language or of another sign system, if this expression
contains at least one personal sign, or if this expression
has no personal signs, but has a new meaning, explicitly
defined by its author and registered in IS.

Elementary collective concept was defined as meaning
of a collective sign, and collective concept — as meaning
of an expression of a natural language or of another sign
system, if this expression contains at least one collective
sign, or if this expression has no collective signs, but
has a new meaning, explicitly defined, registered in IS,
and is interpreted equally by at least two participants of
GOKS generation process.

The above definitions are the terminology basis for
the description of the problem of GOKS generation in
linguistics and other fields of knowledge and applica-
tions, as well as the creation of the TTD as a GOKS.

3 Typology of Translation
Difficulties as a Goal-Oriented
Knowledge System

While preparing the project of constructing the TTD,
one of the goals is the clarification of the description of
GOKS generation with regard to linguistics. The project
will be developed to help experts to create purposefully
new systems of knowledge.

Development of an information technology to be
useful to the experts needs the preliminary study and
solving of the following tasks:

— analysis of cultural, educational, and scientific
needs, whose satisfaction requires GOKS gener-
ation, for example, because of the incompleteness
of existing knowledge systems;

— developing methods for presentation and computer
coding of a GOKS, taking into account its evolution
over time;

— creating tools for formal description of generation
stages of a GOKS;

— creating methods, information technologies and
systems, supporting generation of a new GOKS;
and

— creating methods, information technologies and
systems for evaluation of relevancy of a generat-
ed GOKS to socially important needs.

One of the main tasks of the project is development
of a method for computer coding of a GOKS and its
usage in the process of generating the TTD. It is planned
to implement the project by using the corpus of parallel
texts of translations of classic Russian literature works.
The proposed method for computer coding will give
linguists-experts the possibility of modeling the process
of TTD generation asa GOKS generation process taking
into account the change of the typology over time. To
demonstrate the feasibility of the proposed method, it
is planned to generate the TTD as a new GOKS and
to develop a computer model of TTD, reflecting the
process of its development and evolution.

The main task of the project is actual for both lin-
guistics and informatics. In the field of linguistics, a
new TTD will be developed, reflecting difficulties of
Russian-to-French translation, registered in the corpus
of parallel texts. In the field of informatics, a method of
computer coding of a GOKS will be developed, and its
feasibility will be shown with an example of constructing
the TTD. So, the project has both computer information
and linguistic components.

The first (computer information) task of the project
is the development of a method for computer coding of
a GOKS having the TTD as an example. This method
for computer coding of a GOKS makes it possible to
construct a semiotic model reflecting the design and
evolution of the TTD. The construction of this mod-
el will solve a number of problems, such as fixing the
changes of the TTD and evaluating its completeness
concerning the corpus of parallel texts, as well as the
level of consistency of the TTD as a whole and of its sep-
arate elements (classified translation difficulties) among
linguists-experts implementing the project.

This model is a formal description of translation
difficulties, registered in the corpus of parallel texts,
from three points of view: (i) as denotata, i.e., pairs
of fragments of parallel texts in Russian and French,
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fixing Russian-to-French translation difficulties; (i7) as
concepts of a generated GOKS, corresponding to these
denotata; and (ii7) as verbal designations of these
concepts, i. e., names of difficulties.

The second (linguistic) task of generation of the TTD
as a GOKS is the study of asymmetry of French and
Russian. As source of the study, it is suggested to use the
corpus of texts of Russian classic fiction literature works,
and their translations into French. In these texts, the
fragments are marked where the asymmetry of French
and Russian is most pronounced. The corpus, contain-
ing about 70 works of prose and drama, is being formed
during last 19 years (1992—2010). The object of study for
the second task will be a set of pairs of fragments from
parallel texts in Russian and French, causing difficulties
for the French translators. Note that native French
speakers were involved for the selection of these pairs of
fragments.

The TTD created as a result of corpus-oriented study
and analysis will include a systematized description of
complicated cases connected with languages asymme-
try, cultural differences, which caused difficulties of
Russian-to-French translation of texts of the corpus. In
the course of the project realization, it is expected to de-
velop a prototype of the Russian—French TTD corpus,
formed with an experimental array of pairs of fragments
of parallel texts in Russian and French, fixing Russian-
to-French translation difficulties. It is supposed that the
prototype can contain several translations of the same
works made by different translators. Each classified
translation difficulty in the TTD will have some hyper-
text links to corresponding pairs of fragments in Russian
and French, included in the prototype, as well as back
links from those pairs to difficulty descriptions.

Besides of constructing the TTD as a GOKS and
computer modeling of the TTD, it is planned to formal-
ize the markup of texts of the prototype. In order to
implement this, it is supposed to develop a special lan-
guage for markup of pairs of fragments of parallel texts
in Russian and French, causing translation difficulties.
This formal language is supposed to be used to markup
pairs as denotata of translation difficulties. The devel-
opment of this language and rules of the parallel texts
markup is the task of the planned project at the junction
of its computer information and linguistic components.

In order to solve the tasks above, it is supposed to use
the Web-technologies and sofware products developed
in the Institute of Informatics Problems of the Russian
Academy of Sciences. This will help linguists-experts to
develop and coordinate the TTD using Internet as a tool
of access to the description and the computer model of
the TTD, stored at the server of the Institute; moreover,
when the project is done, this will help future users
to access to the description of the TTD with standard
Web-browsers.

4 Methods of Solving Tasks
of Constructing the Typology
of Translation Difficulties

Inthe process of implementing the project, it is supposed
to use the following three methods:

(1) method for computer coding of the TTD as a
GOKS;

(2) method for classifying translation difficulties, first-
ly on the basic of their genus-species relations;
and

(3) method for tag-based markup of pairs of fragments
of parallel texts causing translation difficulties.

The main idea of the method for computer coding
of the TTD as a GOKS is that each classified transla-
tion difficulty is analyzed and fixed from three points
of view: (i) as a denotatum; (i7) as one of the concepts
of the GOKS; and (i7i) as a verbal designation of the
concept, i.e., a name of the translation difficulty. This
method takes into account that during the process of
development of any GOKS, all concepts and forms of
their presentation can change, because the process of
develoment of the TTD belongs to the stage of generat-
ing a new GOKS. At that stage, the level of variability of
the TTD as a GOKS can be rather high. This is usual for
the processes of generating a new GOKS.

Using of the method for computer coding suggests
that, at the stage of generating the TTD, denotata of
translation difficulties are more stable compared with
their concepts and verbal designations. The reason for
the stability of the denotata is that, at the beginning of
the process of creating a new GOKS, concepts can still
be absent or just starting to take shape, but the object of
study (the corpus of parallel texts with marked fragments
of texts) has to be determined. It is possible to change
the number of denotata (the corpus can be expanded,
or the number of marked fragments of texts can be in-
creased), but this kind of change can be eliminated by
fixing the corpus and number of fragments. In contrast,
the variability of concepts is the essential property of any
generation process of a new GOKS.

In addition to developing and applying the method
of computer coding, it is planned to use the method of
describing and classifying the difficulties of translation
primarily on the basis of their genus-species relations.
The application of the method for classifying difficulties
can be illustrated with the following example. In “The
Overcoat” of Nikolai Gogol, the protagonist cannot
clearly articulate his thoughts, the meaning of his words
sometimes cannot be understood, the word parasite mo-
2o (which is formally a case-form of the demonstrative
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pronoun) creates the effect of speech disorders (apha-
sia). In the French text, the word parasite is translated
as n’est-ce pas, a formula that serves to maintain the
communication; its function is completely different —
contact-establishing (fatic).

Analysis of this example provides a basis to introduce
a separate class of translation difficulties, which refers
to all the fragments of texts attributed to a violation of
connectedness of speech regardless of the reasons for its
violation. Semantic failure may occur at the level of a
lexeme, a syntagma, or a superphrase unity. Allocation
of these levels may be one of the reasons of dividing of
this class of difficulties into subclasses. In the example,
the semantic failure occurs at the level of a lexeme.

It is also supposed to use in the project the method
for tag-based markup of pairs of fragments of parallel
texts, which caused translation difficulties. The us-
age of the method implies the development of a set of
tags and rules of markup with those tags. The markup
is necessary because only when it is done, the formal
borders for denotata as pairs of text fragments can be es-
tablished. Methods for computer coding and classifying
of translation difficulties are discussed in detail below.

4.1 Method for computer coding

The method for computer coding defines a procedure of
assignment to each classified difficulty three following
computer codes: (i) the code of its denotatum; (i) the
code of its concept; and (ii7) the code of the verbal
designation of this concept, i. ., the name of this trans-
lation difficulty. These codes are assigned automatically
by tools of computer description and modeling of a
GOKS (modeling program). Codes are assigned at
the moment when a linguist-expert describes, using the
modeling program, a classified difficulty as an element
of the TTD. Each element of the TTD includes:

(1) definition of a classified translation difficulty;

(2) its internal links in the typology, i. e., links to other
difficulties already classified;

(3) its external links, i.e., links between a classified
difficulty and corresponding fragments of parallel
texts in Russian and French;

(4) name of a classified translation difficulty (option-
ally);

(5) linguistic notes (type of difficulty, level of context,
etc.) and linguistic comments for the difficulty;
and

(6) variants of translation supposed by linguists-
experts.

The specification of two last items of an element of
the TTD can be postponed, because only the first four

items are necessary for a code assignment by the mod-
eling program. The name of any difficulty is optional. If
the name is absent, the null code is assigned.

Note that the modification of any element of the
TTD, including the change of any target of an external
link, leads to a creation of a new version of this element
of the TTD, which is assigned with its own codes. In
other words, any subsequent change of denotatum (tar-
get of an external link), concept (definition), or name
of a difficulty leads to the generation of a new triad of
codes at the time of generation of a new element of the
TTD.

Any change in denotatum, such as changing the
formal boundaries and/or markup fragments of parallel
texts in Russian and French, entails filling out a for-
malized questionnaire. Its filling by linguists-experts is
planned to be implemented with a dialog program (the
computer asks, the linguist answers). The goal of the di-
alog is the creation of a formal description of a semantic
interpretation of a modified denotatum. On the basis
of answers, the description of a new concept is formed
and, optionally, a new name is assigned.

Consequently, if a linguist-expert changes a deno-
tatum, the result of the dialog program is either a new
version of description of an existing classified difficulty,
or a new classified difficulty of translation is coded by a
linguist, as a new element of the TTD. In both cases, the
information about a participant of the project (linguist)
is incorporated automatically into the description. If
other participants of the project agree (disagree) with
proposed semantic interpretation of the modified deno-
tatum, they may mark their attitude at special fields of
description of the classified difficulty. Besides, they may
suggest their variants of interpretation, describing a new
variant of that element of the TTD.

An essential element of the novelty of the method
for computer coding is the ability to perform the dialog
program when the denotatum remains unchanged, but a
participant of the project wants to change the interpre-
tation of the previously described denotatum and/or to
offer a new variant of description of an existing element
of the TTD.

In the process of using the proposed method for
computer coding, it is planned to assign triads of codes
in order to build a multidimensional Frege’s space [2].
Each element of the TTD corresponds to a single point
of Frege’s space. The appearance of a new element of
the TTD or a new version of an element is fixed with a
new point in Frege’s space, including three codes and a
time-stamp; that is, to describe the generation and evo-
lution of the TTD, it is proposed to use four-dimensional
space, which includes the time axis and three axes of
computer codes for denotata, concepts, and their verbal
names.
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The Frege’s space is the basis for constructing the
computer model ofthe TTD, because it is the definitional
domain of functions which are suggested to be used for
fixing the changes of the TTD and for evaluation of its
completeness concerning the corpus, and for evaluation
of the level of consistency of the TTD, as well as levels
of coordination of intepretation of its different elements
by linguists-experts.

4.2 Classification of translation difficulties

Depending on the level of organization of the source text
fragment in Russian, the TTD distinguishes at least six
different levels of translation difficulties:

(1) superphrase;

(2) superphrase/phrase;
(3) phrase;

(4) syntactic;

(5) lexeme; and

(6) morpheme.

Each difficulty is correlated to one of the following
levels of the context:

— microcontext (paragraph level);
— macrocontext (total text level);

— hypercontext (level of all works of an author and
his/her idiolect); and

cultural and historical context.

As mentioned in subsection 4.1, the description of
each difficulty includes six components: definition of the
difficulty, its internal links in the typology, its external
links, name, linguistic notes, and variants of translation.
These six components describing a translation difficulty
compose a list of the main structural elements of a
difficulty descriptor of the IS thesaurus. At the time
of generation of each element of the TTD (classified
difficulty) as a descriptor of the IS thesaurus, three
computer codes are assigned to the element:

(1) computer code of a difficulty definition and its
internal links in the typology (concept computer
code);

(2) computer code of name of a classified translation
difficulty (information object computer code); and

(3) computer code of a target of external links between
a classified difficulty and corresponding fragments
of parallel texts in Russian and French (denotatum
computer code).

A set of computer code triads for classified transla-
tion difficulties characterize the process of generation
and evolution of the TTD in the Frege’s space. Each
triad fixes, at a given time moment, the evolution state

of a single classified translation difficulty, including its
concept, information object (name), and denotatum,
corresponding to the concept. The set of triads is a
network trace route of evolution of the TTD as a GOKS
over time in the Frege’s space [2].

5 Concluding Remarks

The suggested description of the problem of generation
and evolution of GOKS has a fundamental difference
from the approaches of Nonaka and Takeuchi [9],
Wierzbicky and Nakamori [11, 12]. It is in that the
used model of generation and evolution of a GOKS is
time-dependent. Using of the time-dependent semiotic
model gives possibility to build in the Frege’s space a
network trace route of evolution of the TTD [2].

In the process of generation of the TTD, different
linguists-experts may treat differently same translation
difficulties; using of the time-dependent semiotic model
makes it possible to build trace routes of evolution of
personal concepts of different experts concerning the
same pair of parallel texts.

The article deals with the new approach to computer
coding of the generation processes of GOKS. As for
the TTD, a list of the main structural elements of the
descriptors is suggested, code triads of which reflect the
processes of generation of the TTD as a GOKS in the
Frege’space.

The need for further development of the time-
dependent model is evident. In particular, it is necessary
to construct the Frege’s space where a semantic metrics
is defined, which is suggested to be called semantic-
metrical Frege’s space and to be used for setting, studying,
and solving the problems of evaluation of relevancy and
directed development of the TTD as a GOKS.

References

1. Zatsman I. M. A semiotic model of correlations between
concepts, information objects and computer codes //
Informatics and Its Applications, 2009. Vol. 3. No.2.
P. 65—81. (In Russian.)

2. Zatsman I.M. A time-dependent semiotic model of
computer coding of concepts, information objects and
denotata // Informatics and its Applications, 2009. Vol. 3.
No. 4. P. 87—101. (In Russian.)

3. FP7 Exploratory Workshop 4 “Knowledge Anywhere
Anytime.”  http://cordis.europa.eu/ist/directorate_f/
f_ws4.htm.

4. Gorn S. Informatics (computer and information science):
Its ideology, methodology, and sociology // The studies of
information: Interdisciplinary messages / Eds. E. Machlup
and U. Mansfield. — New York: John Wiley and Sons,
Inc., 1983. P. 121—-140.

82 WHOOPMATUKA U EE TPUMEHEHUWS Ttom 4 Bbimyck 3 2010



Typology and computer modeling of translation difficulties

10.

Wang Y. Cognitive informatics: A new transdisciplinary
research field // Brain and Mind, 2003. Vol. 4. No. 2.
P 115-127.

Wang Y. On cognitive informatics // Brain and Mind,
2003. Vol. 4. No. 2. P. 151—-167.

Bryant A. Cognitive informatics, distributed representa-
tion and embodiment // Brain and Mind, 2003. Vol. 4.
No.2. P. 215-228.

Buntman N.V., Zatsman 1. M. Computer resource
for typology of translation difficulties // Inter-
national Conference “Marginalia 2010: Borders of
culture and text.” Kargopol, September 25-26,
2010. Theses. http://uni-persona.srcc.msu.ru/site/conf/
marginalii-2010/thesis.htm. (In Russian.)

Nonaka 1., Takeuchi H. The knowledge-creating compa-
ny. — N.Y.: Oxford University Press, 1995.

ICT FP7 Work Programme. ftp://ftp.cordis.europa.eu/
pub/fp7 /ict/docs/ict-wp-2007-08_en.pdf.

11.

14.

Wierzbicki A. P., Nakamori Y. Basic dimensions of creative
space // In: Creative space: Models of creative process-
es for knowledge civilization age / Eds. A. P. Wierzbicki
and Y. Nakamori. — Berlin—Heidelberg: Springer Verlag,
2006. P. 59—90.

. Wierzbicki A. P., Nakamori Y. Knowledge sciences: Some

new developments // Zeitschrift fiir Betriebswirtschaft,
2007. Vol. 77. No. 3. P. 271-295.

. Zatsman 1. M. Conceptualization of data for scientomet-

ric investigations in scientific libraries // 10th Russian
Scientific Conference “Digital Libraries: Advanced Meth-
ods and Technologies, Digital Collections” Proceedings.
Dubna: Joint Institute for Nuclear Research, 2008. P. 45—
54. (In Russian.)

Zatsman 1. M., Kosarik V. V., Kurchavova O. A. Problems
of presentation of personal and collective concepts in the

digital environment // Informatics and Its Applications,
2008. Vol. 2. No. 3. P. 54—69. (In Russian.)

TUIOJIOTUA U KOMIIbIOTEPHOE MOAEJIUMPOBAHUE TPYAHOCTEN
ITEPEBOJIA

H. B. Byarman!, XK.-JI. Munens?, JI. Jle [Te3an®, M. M. 3anman?

L MakynbTeT MHOCTPAHHBIX SI3LIKOB U pernoHoBeaeHus, MY um. M. B. JlomoHocoBa, nabunt@hotmail.com

2Vuausepcutet [Napmx—Hanrep, ma6opatopuss UMR 7114 “MoDyCo” HaunoHaibHOTO LIEHTPa HAyYHbIX HC-
cnenoBanuii @panmuu (CNRS), jean-luc.minel@u-paris10.fr

3Vuusepcuter IMapux—Hanrep, na6oparopus UMR 7114 “MoDyCo” HaluuoHaabHOTO LIEHTPa HAYUHBIX MC-

cnenoBanmii @panuuu (CNRS), denis.lepesant@wanadoo.fr

4WucturyT npobiem uHdopMaTtuku Poccuiickoil akageMuu Hayk, iz_ipi@al70.ipi.ac.ru

Annotamuga: PaccMotpeHa mpoGiema (hOpMUPOBAHMS LIETAEBBIX CUCTEM 3HaHW B JIMHIBUCTHKE, KOTOpast OT-

HOCHUTCAd K HOBOMY HaIllpaBJIC€HHUIO WUCCIIENOBAaHUI — KOTHUTHWBHOM I/IH(l)OpMaTI/IKe.

HccnenoBaHbl BOMpOCHI
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O PABOTAX 3ACJIYXKEHHOI'O AEATENA HAYKHM POCCUNCKON
OENEPALIMA N. H. CUHULBIHA B OBJIACTU
UHOOPMALIMOHHBIX TEXHOJIOTU U ABTOMATU3ALIMU

(x 70-1eTUIO CO THS POKICHUS)

U. A. Cokonon!

14 aBrycta 2010 r. ucnoaHwiochk 70 ner Uropio
Hwukomnaesuuy CUHUIIBIHY — YJIEHY PETKOJUIETHH KYp-
Hana «MH@opMaTtuka 1 €€ MpuMeHeHUs», KPYITHOMY
YU4EHOMY B 00JIACTH TIPUKJIATHON MEXaHUKU U yIIpaB-
JIeHUsI, TPUKIATHOW MaTeMaTMKU U WHGhOPMATUKU,
OCHOBATEJII0 HAyYHOW IIKOJIbI B 00JIaCTU CTOXacTHUYe-
CKMX WH(POPMAITMOHHBIX TEXHOJIOTHIA.

WM. H. CunuupiH poawica B MockBe. Briciiee
obpaszoBaHue mnoayyuna B MBTY wum. H.D. bayma-
Ha 1 MI'Y um. M. B. JlomoHocoBa. OmHOBpeMEHHO
¢ yueboit B MI'Y Hauan paGoTaTh B M3BECTHOM pa-
KeTHO-KocmMuuyeckom HUMUW, HbiHe WMHCTUTYTE TIpU-
knanHoit mexaHuku uM. B. U. Kysnetosa (HUUTIM).
WHxeHepHyto U HayuHylo aesiteibHocTh B HUMITIM
B 00JIacTH pa3pabOTKN M WCIBITAHUI THUPOCKOIHYE-
CKMX KOMaHIHBIX TTPUOOPOB M MH(GOPMAIIMOHHO-M3-
MepuTeTbHBIX crcTeM (1960—1983 TT.), OH coBMemal
¢ TIpenoaaBaTeIbCcKoi paboToit cHauana B MBTY um.
H. 3. baymana, 3ateM B BoeHHO-BO3AyIIHON MHXKe-
HepHoi1 akagemun um. npodeccopa H. E. 2KykoBckoro
(BBHA).

Hauunag ¢ 1974 r. 1. H. CunuinpiH pabortan Ha
dakynpTeTe aBUAIMOHHOTO BoopyxXeHnst BBHUA. 3a-
HUMAJICS TIONTOTOBKOM aBHMAIIMOHHBIX WHKCHEPOB,
MIpUHAMAJI yJacTHe B pPa3pabOTKe W MCITBITAHUSIX
creuuraabHOM TEXHUKU, y4acTBOBAJI B TOATOTOBKE Tep-
BbIX KocMOoHaBTOB CCCP.

st opranu3zanuuy padboT B 00J1aCTU CHELIMATBHBIX
npuMeHeHuit DBM HoBbix nokonenuit M. H. Cunu-
bIH B 1984 . mepeBoAUTCSI B TOJBKO YTO OpPraHU30-
BaHHBIN MHCcTUTYT TpobieM nHpopmatnku AH CCCP
(aete UTIU PAH).

B Hacrosiiiee Bpemsi M. H. CuHunpbiH padotaer
3aBEYIONIMM OTIEJIOM CTOXaCTUYECKUX TTPOOJIeM MH-
¢opmatuku u ynpaienuss UIIM PAH, mHOro BHU-
MaHWUsI yaelisieT MOATOTOBKE HAyYHBIX KaapoB. OH py-
KOBOIIUT CITelIMaIbHOM ceKiueli yueHoro coseta TN
PAH, xomuccueit MuHoOGpHayku o uHGoOpMaTUKe B
BOEHHBIX By3aX, SIBJISIETCS YWIEHOM 9KCTIEPTHOTO COBETa
POOU, 3amecTuTenem riaBHBIX PENaKTOPOB XypHa-
10B «HaykoemKkue TexHoIornm» 1 «C1ucTeMBI BRICOKOI
JIOCTYITHOCTW», YJIEHOM peAKOJUIeTuii XypHanoB «Pat-
tern Recognition and Image Analysis», «MHpopmaTKa
u eé npumeHeHus». C 1987 r. 1. H. CuHuubiH — npo-
deccop MAW, ynuTaet JeKUMHU 110 TEOPUU U TIPAKTUKE
MHGOOPMAIIMOHHBIX TEXHOJIOTUI B MHXEHEPHOM JIeIe.

B paznbie ronst Y. H. CuHUILIBIH ObLT 3aMeCTUTENIEM
TeHepaTbHOTO KOHCTPYKTOPA U TJIaBHBIM KOHCTPYKTO-
POM psiia aBTOMaTU3MPOBAHHBIX 1 NH(OOPMATTMOHHBIX
CHUCTEM CHeLMabHOTO Ha3HAYCHUSI.

B 2001 . 1. H. CUHULIBIHY IPUCBOEHO TTOYETHOE
3BaHMe 3acyXeHHOro nesTesss Hayku Poccuiickoit
Denepannm.

W. H. CuHUIIBIH mMeeT OOJIBIION OITBIT PaboTH B
TTPOMBIIIIJIEHHOCTH Y BBICIINX TEXHUYECKUX yIeOHBIX
3aBeneHusix. OH aBTop Oosee 500 HayyHBIX TPYIOB,
cBbiiie 50 kaur, MoHorpaduit u 30 uzodperenuii. Ero
OCHOBHbIE HayYHbIE TPYIbl OTHOCSATCS K CJIEIYIOIIUM
obacTIM:

'UncturyT npo6aem nHdopMaTiku PoccuiicKoit akaneMny Hayk, isokolov@ipiran.ru
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O paborax 3acimyxxeHHoro aesitens Hayku P® M. H. CunuiibiHa B 061acTét THOOPMAITMOHHBIX TEXHOJIOTUH U aBTOMATU3aLINK

— CTAaTUCTHUYECKaAd TEOpUA I/IH(I)OpMaL[I/IOHHI:IX TEX-
HOJIOTUIA 1 ABTOMAaTU3NPOBAHHLIX CUCTEM;

— NPCLHNU3NOHHbIC I/IH(I)OpMaL[I/IOHHO—I/I3MepI/ITeJ'[I)—
HBIEC TCXHOJIOTMM M CUCTEMbI 1JId HAYYHbLIX MC-
CJIEAOBAaHUU U CIIELIATIBHOTO Ha3HAYCHUA,

— MHGOPMAIIMOHHO-aHAIUTUYECKUE TEXHOJIOTUU U
CHUCTEMBbI TIOJZIEPXKKY TIPUHSTUS PEIIEHU TSI UH-
(opMaTu3aMy BHICIIMX OPraHOB TOCYIapCTBEH-
Hoii Biactu PD, dbenepanibHBIX BEIOMCTB U JP.

W. H. CunuupiHy npuHamiexaT dyHIaMeHTalb-
Hble pe3yabTaTbl IO TEOPUM KAHOHUYECKUX Mpe-
CTaBJICHUM CJydaliHBIX (PYHKIUNA B CIOXHBIX CTO-
xactTmaecknx cucremax (CtC), B Tom uncie CtC c
pacripeie/ieHHBIMA TTapaMeTpaMy 1 CITyJaifHOI CTPYK-
Typoit. Meronbl Teopun CTC UM pacripocTpaHEHbl Ha
CtC, onuckiBaeMble nuddepeHIMaIbHbIMU YpaBHE-
HUSIMUA CO CIyJaifHBIMM (YHKIIUSIMA COCTOSTHUS,
YpaBHEHUSIMU B TWJIBOECPTOBHIX M OAaHAXOBBIX IIPO-
ctpaHcTBax. MM paspaboranbl 3¢ (EKTUBHBIE BbI-
YUCIUTEbHbIE METOJbI HAXOXIEHUS pacrpeae/ieHul,
OCHOBaHHbIE Ha MapamMeTpu3alliu, MO3BOJISIONIME pa-
JMMKAJbHO COKPATUTh YUCJIO YpaBHEHUI TSI TTapaMeT-
pPOB pacIipeieJieHNif, a TaKKe HOBBIC BBIYMCIUTETh-
HBIE METOOBI CTAaTHMCTUYECKOTO aHajam3a M CUHTE3a,
Joryckarolue 3(peKTUBHOE OlLleHUBAaHUE TOYHOCTU U
OpPUEHTUPOBAHHbBIEC HA MapalieIbHbIe CTATUCTUYECKIE
BBIYMCJICHUSI.

W. H. CuHuubIH pazpaboTan MeTOAbl HaXOXAESHUS
TOYHBIX BBIPaXKEHU M /151 pacTipeie/IeHU it C ”THBapUaHT-
HOU Mepoil, OOHAPYXWJT PsIT HOBBIX KJIACCOB TOUHBIX
pactipeneneHmnit. MM monydeHB! (hyHIaMEHTAJIbHbBIC
pe3yabTaTel B 00JIACTM HETWHEWHOHN YCIOBHO OITH-
MaJIbHOM 1 CYOONITUMATbHOM (DMIIBTPAIINK B peaTbHOM
MaciiTabe BpeMeHU. BaxHble pe3yabTaThl MoJyde-
Hbl Y. H. CUHULBIHBIM B 00J1aCTU TEOPETUKO-TPYIIIO-
BBIX METOIIOB aHaJlM3a M CHMHTE3a aBTOMATH3WPOBaH-
HBIX cucTeM. MM pa3paboTaHa cTaTUCTUYeCKast TCOPHUS
KaTacTpoOyCTOMIMBOCTI aBTOMATU3NPOBAHHBIX CHIC-
TeM BBICOKOI TOYHOCTHU U TOCTYITHOCTH.

N.H. CHHMIIBIH — OCHOBOIIOJIOXHUK CTOXaCTH-
YeCcKUX WH(GOPMAIIMOHHBIX TEXHOJIOTUI OIepaThB-
HOil 00paboTkM uHbOpPMALMU, KOHTPOJIST U MO-
HUTOPUHTa aBTOMATU3UPOBAHHBIX CHUCTEM, a TaKXe
CTOXaCTUYECKOTO YIIpaBICHUsS WH(MOPMAITMOHHBIMUI
aKTUBaMHU, MOIETMPOBAHUS U CHHTE3a CUCTEM: IIPO0-
JIEMHO-OPUEHTUPOBAHHBIX JUAJOTOBBIX CHCTEM U
oubmmorek «CtC-AHamm3», «CtC-®unbrp», «CtC-
Mopnenb», Nailb, «TransStatLib», «be3onacHocTb 1 Ha-
JIEKHOCTh», «3mopoBbe PM» 1 n1p. B mociaennme roabt
1M pa3padboTaHbl 3(D(HEeKTUBHBIE CUMBOJIBHBIC METOIBI
afgaym3a u cuHTe3a CTtC. Co3maHo M BHEIPEHO CIIie-
LIMaau3upoBaHHOe TporpaMMHoe obecrnieueHue CtC-
CMA u CtC-UTKP.

Ero xaHuru — «Croxactuueckue auddepeHumnanb-
Hble CHUCTeMBbl. AHanu3 U (QGuisTpauus», <«Jlekunun
Mo (pyHKIMOHATBLHOMY aHalIu3y M €ro TPUJIOKEHU-
IM», «TeopHsT CTOXaCTMYECKNUX CUCTeM» (COBMECTHO C
B. C. IlyraueBbim), a Takxke «@uinbrpel Kanmana u [y-
rayeBa» U « KaHoHUUeCKUE MpeacTaBIeHUS CIydaifHbIX
(YHKILIMI U UX TIPUMEHEHUE B 3a7a4aX KOMITbIOTEPHOI
MOJIEPKKU HAayYHbIX UCCIENOBAHUI» — IITMPOKO U3-
BeCcTHBI B Poccuu 1 3a pyGexkom.

M. H. CuHUOBIHEIM BIIEpBBIE pa3padoTaHa Teo-
pus psina MHGOPMALMOHHO-U3MEPUTEIbHBIX CUCTEM
B YCJOBMSIX CIyYalHBIX TMHAMUUECKUX BO3MYILECHUI,
OTKPBIT PSIF HOBBIX CTAaTUCTUYECKUX AUHAMUUYECKUX
3(pdexToB (BHIOPOCHI pa3HbIX TUIIOB, (PIYKTyaLlMOH-
HBIC YXONIBI, HAKOIJICHWE BO3MYIICHU W Ap.). Emy
MIPUHAUIEKAT TIepBbIe PabOTHI IO CTATHUCTHUICCKOMU
JUHAMUKe KOMaHIHO-U3MEPUTEbHBIX TUPOCKOTINYE-
CKUX MPUOOPOB, aKCeIepOMETPOB, IPaIEHTOMETPOB
1 METPOJIOTMYECKUX CUCTEM BbICOYAMIIEN TOYHOCTH,
MHGOPMALIMOHHO TEOPUU U METOJIaM U3MEPEHUA, Ka-
JIMOPOBOK, YCKOPEHHBIX MCITHITAHUI B 3KCTPEMaTbHBIX
YCJIOBUSIX, @ TAKXKE CTATUCTUUYECKOTO U MOJYHATYPHOTO
monenupoBaHus. [loa ero pyKoBoACTBOM U MpHU €ro
HEMOCpPeICTBEHHOM YJYacTUU pa3paboTaHO U BHEAPEHO
HECKOJIBKO TIOKOJICHWII CEepMIHBIX CHCTeM, O0Jama-
OINX YHUKAIBHBIMU XapakTepuctukamu. M. H. Cu-
HUIIBIH TPUHUMAJT HEIIOCPEACTBEHHOE YUaCTHE B OITpe-
JeJIECHUU TEeXHUYECKON TOJUTUKU B 00JaCTU HOBOI
creluaabHON TEXHUKM.

C ummenem WM. H. CunaumsiHa CBSI3aHO CO3maHUE
KOHIICTIIIN I aBTOMaTH3aIIM 1 HAyYHBIX NCCIICIOBAHMI B
P®, B iepBy1o ouepenb OCHOBAaHHBIX HA CPEICTBAX MacC-
COBOI1 BBIYMCIUTENbHOM TexHUKU. [log ero pykoBo-
CTBOM U TIpU y4acTUU CHOPMYIUPOBAHBI MPUHLIMITBI
CO3aHus MUKPOBUIEOCUCTEM, CO3[aH Psill 0a30BBIX
MMepCOHABHBIX MUKpOBHUAeocrucTeM. OHM BHEIPEHBI
B MBJI n MunsapaBe P®D. JIocTUTHYTBIE pPe3yJIBTAThHI
MOJIyYMJIU pa3BUTHE B aBTOMATU3UPOBAHHbBIX CUCTEMAaX
METPOJIOTMYECKOTO 00ecreuyeHusl, BUAECOKOHTPOJISI U
OMOMETPUUYECKUX CUCTEMAX.

B nocnennue romel mox pykoBoactsom M. H. Cu-
HULIbIHA pa3pabOTaHbl MPUHLIUITBI TOCTPOSHUS U apXU-
TEKTYPHI BEIUNCIUTEIBHBIX CUCTEM KOMaHIHBIX ITyHK-
TOB, a TakKXKe HOBbIE METOAbl U aJTOPUTMBbI OBICTPOIA
00pabOTKM N300paKeHUI, 001adaI0IINX CUJIBHOM IMTPO-
CTPaHCTBEHHO-BpeMEHHOU medopmanmeit. B 1emsax
aBTOMATU3allMM aCTPOMETPUUYECKUX HAYYHBIX MCCle-
JNIOBaHUWI TI0 (yHIAMeHTaJIbHOU Tipobieme «CraTu-
cTUYecKasl IMHaMUKa BpalleHus: 3eMJIn» ObLT co3IaH
KOMILIEKC MOJeJeil, aJropuTMOB M CIELMaTbHOTIO
MPOrpaMMHOTO 00ecIieueHUsT U MH(POPMALIMOHHbBIX pe-
CypCOB TSI HECTAaHIApTHOM MHTETPHPOBAaHHON obOpa-
00TKM mapaMmeTpoB BpameHus 3emau. M. H. CuHULbIH
BIEPBbIe OOHAPYXWJI PsiT HOBBIX 9 (HEKTOB: aBTOKO-
JiebaHus TMojoca 3eMId Ha YaHIUIEPOBCKOW 4YacTo-
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HU. A. Cokonos

Te, MapaMeTPUIECKyI0 CTaOMIM3aIMI0 YaHUIEPOBCKUX
KosieObaHuii, HeJIMHEelHbIe MIYKTyallMOHHbIe Apeiidbl
HEeCTaOWIbHOCTH BpalleHUsT 3eMJIU U Jp.

B obsiactu MHGOPMALIMOHHO-aHATUTUYECKUX TeX-
HOJIOTWIT ¥ aBTOMATU3MUPOBAHHBIX CUCTEM TTOIICPKKI
MPUHSATUS pellleHuid 1T MHOPMATU3aLMU BBICILIUX
OpraHoB roCcylapCTBEHHON BJacTu, dheaepalbHbIX Be-
JOMCTB M ap. noa pykoBoactBom M. H. CuHulibiHa
ObLJI pa3paboTaH M BHEIpPeH psia 0a30BbIX MHGpOpMa-
IIMOHHBIX TEXHOJOTHI (00paboTKa MHGMOPMAIUUA OT
HE3aBUCHUMBIX NICTOYHUKOB, (DOPMUPOBAHNE M XpaHE-
Hue 601bIIMX 623 2JIeKTPOHHBIX 00pa30B, YITPaBICHUS
MHGOPMALMOHHBIMU aKTUBaMU U 1p.). CchopMyaupo-
BaHBI MIPUHIIUITEI M pa3padoTaHbl 0a30BBIE CUCTEMO-
TeXHUUYECKUE PEIICHUS IS psina KPYITHOMACIITaOHBIX
aBTOMATU3UPOBAHHBIX MH(MOPMALIMOHHBIX U UHDOP-
MAallOHHO-YIPaBJISIONIMX CUCTEM CIeIUabHOTO Ha-
3HaYEHUSsI, BBICOKOI TOUHOCTU U JOCTYITHOCTH.

W. H. CuHULIBIH TTOB3YeTCsT IMUPOKUM MEXIyHa-
POTHBIM aBTOPUTETOM: €T0 KHUTH 1 PaOOTHI M3IMaHbI Ha

AHIJIMICKOM, (hpaHITy3CKOM, UCITAHCKOM U KMTaliCKOM
s3bikax; B 1990—1994 rr. on 6611 AupekTopom Poccuii-
CcKo-(paHIy3cKOro 1eHTpa «DBKIuIa», ¢ 1983 . —
YJIEHOM IIPOTPAMMHBIX KOMUTETOB MHOTUX MEXKITyHa-
pOIHBIX KOH(epeHuuit; B iepuod 1985—2006 rr. Obu1
skcnepToM poHaa INTAS.

W. H. CuHuubiH BeleT aKTUBHYIO pabOTy Mo Moj-
TOTOBKE HayYyHO-TIeJarormyeckux kaapoB. [lom ero
PYKOBOJICTBOM BBITIOJTHEHO CBBIIIIE 25 KaHIUIATCKUX 1
MOKTOPCKUX auccepranmit. OH COCTOUT WICHOM psia
CITeIMaTU3UPOBAHHBIX JUCCEPTALIMOHHBIX COBETOB; B
TeYeHUE MHOTHUX JIET ObLIT YJIEHOM 3KCIIEPTHOTO COBETa
BAK Poccuun. M. H. CUHULBIH — 4JIeH peaKoJIeruu
HaIIIeTOo XXKypHaJja, OH He TOJIKO MMyOJIMKYeTCs B HeM, HO
1 BeIeT OOJIBIIIYIO peAaKIIMOHHYIO padoTy.

Penkomnmernst XKypHajaa CepIeYHO ITO3IpaBiseT
N. H. CuHulbiHA ¢ 100MIeeM U XKeJlaeT eMy 3I0POBbS,
CYACTBSI, HOBBIX TBOPYECKIX YCTICXOB.
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ABSTRACTS

ESTIMATION OF SELF-HEALING TIME FOR DIGITAL SYSTEMS UNDER TRANSIENT FAULTS

S. L. Frenkel' and A. V. Pechinkin'

IPI RAN, Slif-ipiran@mtu-net.ru
2TPI RAN, apechinkin@ipiran.ru

This paper suggests a new approach to self-healing property prediction for digital systems. Self-healing refers to
the system’s ability to continue operating properly in the case of the failure of some of its components. This
phenomenon is very considerable aspect of high-reliable systems design. The self-healing time characteristics are
analyzed during design process, and the computation of probability distribution function of self-healing time needs
for fair prediction of real time systems reliability. This paper considers the possible ways of estimation of time
to self-healing under transient faults using a Markov model of a design behavior for reliability analysis of digital
systems with some fault-tolerant properties, modeled by the well-known Finite State Machine formalism.

Keywords: fault-tolerant computer; self-healing fault-tolerance; transient faults; finite state machine; Markov
chains

ON STABILITY FOR NONSTATIONARY QUEUEING SYSTEMS WITH CATASTROPHES

A. 1. Zeifman!, A. V. Korotysheva?, Ya. A. Satin®, and S. Ya. Shorgin*

"Vologda State Pedagogical University; IPI RAN; VSCC CEMI RAS, a_zeifman@mail.ru
2Vologda State Pedagogical University, a_korotysheva@mail.ru

3Vologda State Pedagogical University, yacovi@mail.ru

4IPI RAN, SShorgin@ipiran.ru

Nonstationary birth and death processes (BDPs) with catastrophes are considered. The bounds of stability for some
characteristics of such systems are obtained. Also, a queueing example is considered.

Keywords: nonstationary queues; Markovian models with catastrophes; stability; bounds; limiting characteristics;
approximations

BAYESIAN QUEUEING AND RELIABILITY MODELS: CHARACTERISTICS OF MEAN NUMBER
OF CLAIMS IN THE SYSTEM M |M|1]|oo
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The paper is a continuation of the series of papers devoted to Bayesian queuing and reliability models investigation.
The probability characteristics of mean number of claims in the system M |M|1]|oo under conditions of input flow
and service parameters randomization are considered. The paper includes the discussion of the obtained results
interpretation taking into account that the mean number of claims distribution may be improper.

Keywords: Bayesian approach; queueing systems; reliability; mixed distributions; modeling; improper distribution;
“defective” distribution
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QUEUEING SYSTEMS WITH MINIMIZED AVERAGE WAITING LINE
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A research of the properties of optimal arrangements is made in accordance with the average waiting line criteria
in space for systems with FIFO service discipline. A stream of the homogeneous requirements differing only by
the moments of receipt in system is considered. The service centers are being like M|G|1 systems. The properties
of optimal arrangements are described and the algorithms for constructing asymptotically optimal arrangements,
minimizing the optimal criteria are presented.

Keywords: asymptotically optimal arrangements; average waiting line; criterion of optimality

ON ESTIMATION OF THE LARGE DEVIATION ASYMPTOTIC OF A SINGLE SERVER
REGENERATIVE STATIONARY QUEUE

A.V. Borodina! and E. V. Morozov?
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2Institute of Applied Mathematical Research, Karelian Research Centre RAS, emorozov@krc karelia.ru

The (small) probabilities estimation of such undesirable events like loss/collapse of data, buffer overflow, collision
of packets in the modern telecommunication systems by classical methods requires unacceptable large time and
computational efforts. However, exact analytical results are known only for a narrow class of queues and queueing
networks. It calls a necessity to develop both asymptotic methods of analysis and speed up simulation to estimate
the probabilities of this type. In this paper, a speed-up simulation method based on the splitting of the trajectories of
a regenerative process developed by the authors is applied to estimation of the overflow probability for a stationary
workload/queue-size process. It allows to simplify and accelerate considerably the estimation of the exponent in
the asymptotic representation of the large deviation probability provided that service time has a finite moment
generating function (the so-called light tail). Numerical simulation results are presented.

Keywords: large deviation asymptotic; single-server system; stationary waiting time; splitting method; accelerated
simulation

SEARCH OF THE CONFLICTS IN SECURITY POLICIES: A MODEL OF RANDOM GRAPHS
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Risk analysis requires at least a rough estimate of the probability of problematic situations in the implementation
of security policy. Such estimates can be obtained in the analysis of conflicts in security policies using models of
random graphs. In this paper, two examples of conflicts in security policy are considered and a model of random
graphs for their research is constructed. The results of analysis were used to evaluate the influence of certain
parameters of random graphs on the probability of the existence of conflicts and complexity of search algorithms in
real conflict security policies.

Keywords: security policy; threats to information security; mathematical models of security policy
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LAWS OF ITERATED LOGARITHM FOR NUMBERS OF NONERROR BLOCKS UNDER ERROR
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Messages containing blocks are considered. Each block is encoded with some antinoise coding method, which can
correct not more than r mistakes. It is assumed that the number of mistakes in a block is a nonnegative integer
valued random variable. The random variables are independent and identically distributed. Also, it is assumed that
the number of mistakes in a message belongs to a some finite set of integer numbers. In the paper, the analogs of
the Law of Iterated Logarithm for a number of nonerror blocks in a message is proved.

Keywords: generalized allocation scheme; conditional probability; conditional expectation; exponential inequality;
Law of Iterated Logarithm; Hamming code

ON AN ASYMPTOTIC BEHAVIOR OF POWER OF TESTS IN CASE OF GENERALIZED LAPLACE
DISTRIBUTION

0. 0. Lyamin!
I Faculty of Computational Mathematics and Cybernetics, M. V. Lomonosov Moscow State University,
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In paper by Bening and Lyamin (Informatics and Its Applications, 2009, vol. 3, issue 3, pp. 79—88), a formula for a
limit of deviation of power of the asymptotically most powerful test from power of the most powerful test in case of
generalized Laplace distribution was heuristically obtained. In the present paper, a formal proof of this formula is
derived.

Keywords: generalized Laplace distribution; power function; asymptotically most powerful test; asymptotic
expansion

SOME ISSUES OF TECHNOLOGY SELECTION TO BUILD VISUALIZATION SYSTEM
IN SITUATIONAL CENTER

A.A. Zatsarinny' and K. G. Chuprakov?
IPI RAN, AZatsarinny@ipiran.ru
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The main steps of visualization systems selection in situational centers are shown. An accent is made on a step
devoted to describing technology selection. Displaying technologies used in situational centers are considered. The
authors suggest the main parameters of visualization system and a methodological approach to technology selection
using approach of exclusion by parameters.

Keywords: visualization systems; situational center; displaying technology; selection problem; exclusion approach
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The paper deals with the issues of design and development of syntactic semantic and lexical semantic presentations
in linguistic processors of the systems based on the Extended Semantic Networks mechanism. The systems of this
class are developed for knowledge extraction from natural language texts and mapping the extracted entities and
relations into the knowledge base structures for further use by experts in application areas. This paper focuses on
the cognitive linguistic solutions employed for constructing an integral linguistic model which can be modified
depending on the specific task, and which range from the “heavy” form based on the specific deep presentations to
the reduced shells focused on a particular subject area and the controlled language. Special attention is given to the
techniques of describing the distributional and transformational features of language objects.

Keywords: intelligent systems; semantic presentations; linguistic processors; natural language processing; knowledge
mining

TYPOLOGY AND COMPUTER MODELING OF TRANSLATION DIFFICULTIES
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The problem of generating of goal-oriented knowledge systems in linguistics is reviewed. The problem belongs to a
new research area, which is called “cognitive informatics.” The article focuses on computer coding of goal-oriented

knowledge systems using as an example the typology of Russian-to-French translation difficulties.

Keywords: time-dependent semiotic model; goal-oriented knowledge systems in linguistics; denotata; concepts;
information objects; computer codes
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06 aeémopax

Bopomuna Anekcanapa BanentmnoBHa (p. 1980) —
MJIAAIINKA HAyYHBI cOTpyAHUK MHCTUTYTa npukian-
HBIX MaTeMaTudeckKux wuccienoBanuit Kapemabckoro
Hayuynoro nientpa PAH

Bbynrman Hanexna BanentunoBHa (p. 1957) — Kanmu-
naT GUI0JOrMYeCKUX HayK, JOLIEHT (aKy/abreTa MHO-
CTPaHHBIX SI3BIKOB W PErMOHOBEICHUST MOCKOBCKOTO
rocyaapcTBeHHOro yHuBepcutera uMm. M. B. JlomoHo-
coBa

I'pymio Anekcaunp Anekcanaposud (p. 1946) — mokTop
(hu3MKO-MaTeMaTUYECKUX HayK, WIEH-KOPPECTIOHIEHT
Axanemuu kpunrorpacdhun P®; 3aBenyroniuii kaden-
poil KOMITBIOTEPHOI Oe30macHOCTH (paKymbreTa 3a-
muThl nHpopMmauuu MHcTUTyra MHMOOPMALIMOHHBIX
HayK M TexHojoruii oOesomacHocTu Poccuiicko-
rO TroCcyIapCTBEHHOTO TYMAaHUTApPHOTO YHUBEPCHUTETA;
npodeccop Kadeapbl MaTeMaTMYECKON CTaTUCTUKU
dakyapreTa BEIUMCINTEIPHON MaTeMaTUKN Y KNOCPHE -
THKI MOCKOBCKOTO TOCYIapCTBEHHOTO YHUBEPCUTETA
uM. M. B. JlJomoHocoBa

I'pymo Hukonaii Anekcanaposuu (p. 1982) — kanam-
naT (GU3NKO-MaTeMaTUUeCKUX HayK, JOLEHT Kadem-
Pbl KOMITBIOTEPHOI 0e30IacHOCTU (paKynabTeTa 3alllu-
Tbl UH(popMauu MHcTUTYTa MHDOPMAIITMOHHBIX HayK
Y TeXHOJIOTHI Ge3omacHocTu Poccuiickoro rocymap-
CTBEHHOTI'O T'YMAHUTApPHOI'0O YHUBCPCUTETA

3axapoBa Tarbsina BanepbeBHa (p. 1967) — xaH-
auaatr  (QU3MKO-MaTeMaTUYecKMX HayK, HayYHBII
COTPYIHUK Kadenpbl MaTeMaTHMYeCKOW CTaTUCTUKU
(baxysbTeTa BRIUMCIUTETBHON MaTeMaTUKU 1 KUOEpHE-
TUKU MOCKOBCKOTO TOCYIapCTBEHHOTO YHUBEPCHUTETA
uMm. M. B. JlomoHoCcOBa

3anapunnbiii Anekcanap Anekceesnd (p. 1951) — mok-
TOp TEXHUYECKUX HayK, Mpodeccop, 3aMeCTUTEN b TN -
pextopa UITN PAH

3amvan Urops Momnceesmu (p. 1952) — kaHIMmaT Tex-
HUYECKMX Hayk, 3aBenyrooimuii oraenom UITU PAH

3eiibvan Anekcanap WMspawmaesmu (p. 1954) — nox-
TOp (bU3UKO-MaTeMaTUYECKUX Hayk, Ipodeccop, e-
KaH (hakyapTeTa MPUKIAAHON MaTeMaTUKU U KOMITbIO-
TEPHBIX TEXHOJIOTUI BoJI0Tr0IcCKOT0 rocy1apcTBEHHOTO
MeJarorn4yeckoro YHUBEPCUTETa, CTapIIU HayYHBIA
cotpynHuk UTTW PAH, Benyiuii HaydHbI COTPYTHUK
BHKI ISMU PAH

Ko3zepenko Enena Bopucosha (p. 1959) — xanaunar du-
JIOJIOTMYECKUX HayK, 3aBe/Iyloliiasi Jaboparopreil KoM-

ITBIOTE PHOM JIMHTBUCTUKY 1 KOTHUTUBHBIX TEXHOJIOTHI
obpabotku TexkctoB UITTNU PAH

KopoTtbimesa Anna BaagummupoBna (p. 1988) — acnu-
paHTKa (akyabreTa MPUKIATHON MaTeMaTUKU U KOM-
MBIOTEPHBIX TEXHOJIOTHI Bostorogckoro rocynapcTBeH-
HOTO IeIarOrM4ecKoro YHUBEpCUTETa

KynpsisueB Anekceii Anmpeesuu (p. 1978) — xanau-
IaT (GU3MKO-MaTeMaTU4eCKUX HayK, CTaplliuii Hayd-
HBIIl COTPYIHUK Kadeapbl MaTeMaTHYeCKOM CTaTH-
CTUKM (haKyIbTeTa BBEIYUCIUTCIBPHON MaTEMAaTUKUA WU
KOepHEeTUKN MOCKOBCKOTO TOCYTapCTBEHHOTO YHM-
Bepcutera uM. M. B. JlomoHocoBa

Kysnenos Urops IleTpoBuy (b. 1938) — nokTop TexHU-
YECKUX HaykK, Ipodeccop, TIaBHbIA HayYHbI COTPYI-
Huxk U1 PAH

Jle Ile3an Jlenu (p. 1949) — noxrop Hayk, mpodeccop
yHuBepcuteTa [lapmk-HaHTep; HaydHBIN COTPYIHUK
nabopatopun UMR 7114 “MoDyCo” HaimoHaibHO-
o IIeHTpa HayIHBIX uccaemoBannii @panumu (CNRS)

JIlamua Ogaer Oqerouu (p. 1984) — acrmpanT da-
KYyJIbT€Ta BBIYMCIIUTEILHON MaTeMaTMKM U KUOepHe-
THKM MOCKOBCKOTO TOCYIapCTBEHHOIO YHHUBEPCUTETA
uMm. M. B. JlomoHocoBa

MarseeBa Csetrnana Cepreesna (p. 1984) — acrm-
paHTKa Kadenpbl MaTeMaTHUYecKOW CTaTUCTUKU (Da-
KyJIbTe€Ta BBIUYMCIMTENIBHON MaTeMaTHMKU U KUOepHe-
TUKU MOCKOBCKOTO rOCYIapCTBEHHOTO YHUBEPCUTETA
uM. M. B. JlomoHocoBa

Munens XKan-JIok (p. 1948) — mokrop Hayk, IIpo-
deccop ynuBepcutera [lapux-Hanrtep; nupexrop ja-
o6oparopuun UMR 7114 “MoDyCo” HauumoHanbHOTro
LIeHTpa HaydHbIX nccienoBannit @panmun (CNRS)

Mopo3os Esceii Bukropomu (p. 1947) — mokTop
(pm3MKo-MaTeMaTUUECKUX HAyK, BEMyIIWN HayYHBIN
cOTpynHUK MHCTUTYTa MPUKJIAIHBIX MaTeMaTUIEeCKUX
uccnenoBanuit Kapensckoro Hayunoro nientpa PAH;
npodeccop [leTpo3aBoackoro rocyiapcTBEHHOTO YHU -
BepCUTETa

Ieunnkun Anekcanap Baamumuposuy (p. 1946) — n10K-
TOp PUBUKO-MaTeMaTUIECKUX HayK, Ipodeccop, IaB-
Hblit HayuHbIl coTpynHuk MTTU PAH; mpodeccop Poc-
cuiickoro yHuBepcuteTa 1pyx0bl Haponos (PY/IH)

Carun fkoB Axnekcanmposmd (p. 1978) — kammmmar
(hu3uKo-MaTeMaTUYECKUX HAayK, CTApIIMii IIperoaaBa-
Tenb Kadenpbl MaTeMaTHYecKoro aHaiusza Bosoron-



CKOI'o rocyaapCTBEHHOT'O II€AArornye€CKoro yHuBepCcu-
TE€TA

Tumonuna Enena EsrenbeBna (p. 1952) — nmokxrtop
TeXHWYECKUX HayK, mpodeccop Kadeapsl ¢hyHIaMEH-
TaJbHOM M MPUKJIaIHOW MaTeMaTUKU MHCTUTyTa WH-
(opMaLIMOHHBIX HAyK M TEXHOJIOTMiT 0e30IaCHOCTHU
Poccuiickoro rocyaapcTBEHHOIO TYMAaHUTAPHOI'O YHH -
BEepCUTETA

®aszekam MmTBan (p. 1954) — moKTop HayK, HOIICHT,
dakynereT MHGOpMATUKU, [ledpelieHCKUi YHUBEpCHU-
TeT, BeHrpus

®penkeb Cepreii Jlazopesud (p. 1951) — KaHIUIAT TEX-
HMYECKMX HayK, NOLIEHT, CTapIUNiA HAy4YHBIA COTPYI-

Huk UTTU PAH; nouieHT hakyasTeTa BHIYMCIUTETbHbIX
MallluH U cucTeM MOCKOBCKOIO MHCTUTYTA paanloTeX-
HUKU, DJIEKTPOHUKHU U aBTOMaTUKU (MUPDA)

YynpakoB Koncrantun I'puropseud (p. 1985) — acriu-
paut UITA PAH

YynpynoB Anekceii HukoaaeBuu (p. 1953) — mokTop
(pm3MKO-MaTeMaTUICCKUX HaAyK, BEOYIIWA HAayIHBIN
corpyntHuk HUMMM um. H.T. YeGorapesa KazaH-
CKOT'0 TOCYIapCTBEHHOTO YHUBEPCUTETA

IToprun Cepreii AkoBaeBmy (p. 1952) — mokTop husm-
KO-MaTeMaTUYeCKUX HayK, Mpodeccop, 3aMeCTUTEIb
nupexktopa UTIN PAH
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IIpaBuia moaroToBKM pyKONMCEN cTaTei AJ1s1 MyOarKalyu B XXypHaJie
«HdpopMaTuKa U €€ MpUMEHEHUSI»

Kypnan «MHpopmaTuka 1 e€ mpruMeHeHUsT» ITyOJIMKYeT TeOpeTUIecKre, 0030pHbIe U IMCKYCCUOHHBIE CTaThH,

MTOCBSIIIEHHBIC HAYYHBIM MCCIICIOBAHUSIM M pa3pabOTKaM B 00J1acTH MHGOPMATUKU U e TIPIITOXKeHW. 2KypHam
W3aeTCs Ha PYCCKOM sI3bIKe. TeMaTnKa sKypHajia OXBaThIBACT CACAYIOIIE HaTIPaBICHUS:

TECOPETUUYECCKNEC OCHOBDI I/IH(I)OpMaTI/IKI/I;

MaATEMaTUYCCKUE METOAbI NCCJICAJOBAHMA CJIOXKHBIX CUCTEM U ITPOLIECCOB,
I/IH(I)OpMa[II/IOHHBIe CUCTEMDBI U CCTHU,

I/IH(I)OpMa[II/IOHHBIe TEXHOJIOT'NH,

ApXUTEKTypa U MporpaMMHOEC obecredyeHre BIYMCINTETbHBIX KOMITJIEKCOB U CeTEit.

. B KypHaJi€ rieyaTaroTCid pe3yJibTaTbl, paHEEC HE OHY6I[I/IKOB8.HHBI€ 1 HE Ip€AHa3HAYE€HHbBIEC K OJHOBPEMEH-

HO TIyOJIMKALIMY B OPYruX M3gaHusax. [lyGaukalust He HOJDKHA HapyllaTh 3aKOH 00 aBTOPCKMX ITpaBax.
HarpaBiisist CBOIO pYKOITUCh B PEeIaKIIMIO, aBTOPhI aBTOMATUUYECKH TepeAaloT YUPEIUTEIIM U PEIKOJIIICTHI
HEMCKITIOUMTENIbHBIC MpaBa Ha M3daHKMe JAaHHOM CTaTbM Ha PYCCKOM SI3BIKE M Ha €€ paclpoCTpaHEeHUE B
Poccuu u 3a py6exom. I1pu 3TOM 3a aBTOpaMu COXPaHSIIOTCS BCe IIpaBa KaK COOCTBEHHUKOB JaHHOM PYyKO-
mucu. B cBsI3M ¢ 3TUM aBTOpaMu JOJDKHO OBITh MIPEACTABICHO B PeJaKIMIO IIMChMO B clieayoleii hopme:
CoraieHue o riepegade rpaBa Ha ITyOJIMKaIuIo:

«Mbt, HuNCEROONUCasuUecs, agmopsl PYKONUCU « », nepedaem yupeoumensim u peokosne2uu JHCypHaid
«HHhopmamuka u eé npumeHeHus» HEUCKAUUMENbHOe Npaso ONyOAUK08amb OAHHYIO PYKONUCL CIAMbU HA
DPYCCKOM A3blKe KAK 8 NeYamHoll, mak u 6 31eKmpoHHOl eepcusx ycyprara. Mot noomeepocdaem, umo dannas
nyoaukauus He Hapyuiaem asmopckKoeo npasa opyaux auy uau opeanusayuii. Iloonucu aemopos: (. u. o., dama,
adpec)».

Penxkosuternsi BrpaBe 3ampOCUTh y aBTOPOB 3KCIIEPTHOE 3aKIIOYEHHWE O BO3MOXHOCTU OITyOJIMKOBAaHUS
MpEeACTaBJICHHON CTaTb B OTKPBITOM IeYaTH.

. Crarbs MOAMUCHIBAETCS BCEMU aBTOpaMu. Ha otnenbHoM nucte IpEaCTaBIAIOTCA JaHHBIC aBTOpa (I/IJ'[I/I BCEX

aBTOPOB): (aMuIUs, TTOTHBIE UMS M OTYECTBO, TenedoH, dakc, e-mail, mouroBslil agpec. Eciam pabora
BBITIOJTHEHA HECKOJIBKUMU aBTOpaMU, YKa3bIBaeTCs (paMIUIHSI OMHOTO M3 HUX, OTBETCTBEHHOTO 32 TIEPETIUCKY
C penakuuei.

. Pemakuus KypHajla OCYHICCTBJIACT CaMOCTOATCJIbHYIO 3KCIIEPTU3Y IIPUCIaHHBIX CTaTen. BO3BpaH.I€HI/Ie

PYKOIIMCH Ha z[opa60TKy HEC 03HAYacT, YTO CTAThA YK€ ITPUHATA K IT€YaTH. HOpaGOTaHHBIﬁ BapHaHT C OTBETOM
Ha 3aM€yaHud pClICH3CHTa HEO00X0IUMO npucjaaTtb B p€aaKImIo.

. Pelrenue peI[aKHI/IOHHOﬁ KOJIJICTUH O ITPUHATHUM CTAaTbU K I1€YaTH UJIN €€ OTKIIOHCHU I coob1aercs aBTOpaM.

Penkonnerust He O6H3YCTCH HaIpaBJIATh pEHEH3UIO aBTOpaM OTKJIOHEHHOM CTaThHU.

. KoppeKTypa CcTaTeil BBICBHLIAETCS aBTopaM IJid IIpoCMOTpa. Penakuums IIPOCUT aBTOPOB INpPUCHIIIATL CBOU

3aMcyaHMs B KpaT‘IaﬁHlHe CpOKM.

. Ilpn moxnroroske pykonucu B MS Word peKoMeHIyeTCsT MCITOJIb30BaTh CJIeAyIoNIe HacTpoiiku. [TapaMeTphl

cTpaHUIEBL: ¢opMaT — A4; OpHeHTAIlMsI — KHIDKHAS; oSl (CM): BHYTpM — 2.5, cHapyxu — 1,5, cBep-
Xy — 2, CHU3y — 2, OT Kpasl 10 HUXXHEro KojJoHTuTyjaa — 1,3. OCHOBHOI TeKCT: CTUIb — «OOBIYHBII»:
mwpudt Times New Roman, pasmep 14 nmyHkTOB, ad3amHbiii oTcTyn — 0,5 cMm, 1,5 uHTepBasia, BbIpaBHU-
BaHUe — 1O IKUpUHEe. PekoMeHayeMblii 00beM PYKOMMCH — He CBbILIE 25 CTpaHUIl yKa3zaHHOro (opmara.
O3HaKOMUTHCS C MIA0JIOHAMU, COAEPXKAIIUMU TIPUMeEphl ohopMIIeHUs, MOXHO 1O anpecy B MHTrepHeTe:
http://www.ipiran.ru/journal /template.doc.

. K pykormcu, ripemoctaBisieMoit B 2-X 9K3eMIUISIpaX, 00s3aTeIbHO IIPIIaraeTCs 3JIeKTPOHHAST BEPCHUs CTaThU

(xaxk mpaBmito, B hopmatax MS WORD (.doc) mum LaTex (.tex), a TakKe — IOITOJTHUTEIBHO — B (hopMaTe
.pdf) Ha quckeTe, JJa3epHOM OMCKE WIM IO 3JeKTpOHHOM rmoute. CoKpallleHus CJI0B, KpOMe CTaHAapTHBIX,
He pUMeHsII0TCs. Bee cTpaHuLIbl pyKOTTUCH JOKHBI OBITh TPOHYMEPOBAHBI.

. Crathsl IOJKHA COAEPKaTh CIEAYIONIYI0 WHOOPMAIMIO Ha PYCCKOM M aHTJIMIICKOM sI3bIKaX: Ha3BaHUE,

®.N.0. aBTOpOB, MecTa pabOTHI aBTOPOB M MX BJIEKTPOHHBIC agpeca, aHHoTauust (He 6osiee 100 ciioB),
KiaoueBble cioBa. CChUIKM Ha JIMTEPATypy B TEKCTE CTAaTbUM HyMepylOoTCsl (B KBaapaTHBIX CKOOKax)
pacmojiaralotcst B MopsiaKe MX IepBOro yrmoMuHaHus. Bce damuinm aBTopoB, 3ariaBusl cTaTeil, Ha3BaHUs
KHUT, KOH(PEepEeHLINI 1 T. 1. JAIOTCS Ha SI3bIKEe OPUTHHAJIA, €CIU 3TOT SI3BIK UCITOIb3YeT KUPUJUTMYECKUI N
JIATUHCKU ajiaBHUT.



9. IlpucnaHHble B peIakIMio MaTepUasIbl aBTOpaM He BO3BPAILIaloTCs.
10. Ilpu orrnpaBke (aiijioB IO 3JIEKTPOHHOI I10YTE IIPOCUM MIPUAEPKUBATHCS CIIEAYIOIIMX ITPABUI:

— YKa3bIBaTh B MoJIe subject (TemMa) Ha3BaHME XKypHaja 1 (haMUJINIo aBTOpa;

— HCIIONIB30BAaTh attach (IpucoemmHeHNE);

B ciy4ae OOJIBIIMX O00BEMOB MHMOpPMAIIMK BO3MOXKHO MCITOJIb30BaHME OOIIEM3BECTHBIX apXWBaTOPOB
(ZIP, RAR);

B COCTaB 2JIEKTPOHHOI BEPCUU CTaThU JOJKHBI BXOIUTD: (pailyi, comepKallnii TEKCT CTaThy, 1 (baiii(bl),
coaepxkaluii(e) WITIoCTpalu.

11. XKypHan «MHpopmaTrKa U €€ TpUMEHEHUsI» SIBSIETCS] HEKOMMEPUYECKUM U3IaHUEeM, U TOHOpap aBTOpaM He
BBITIJIAUUBACTCSI.
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