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GENERAL CHARACTERIZATION OF THESIS

The Actuality of the Problem

In some works results of probability theory and statistics were obtained with appli-
cation of information theoretical methods. It is often necessary in statistical research
to make decisions about the probability distribution (PD) and they can be made on the
base of results of observations, called samples. The correspondence between samples
and hypotheses can be designed based on some selected criterion. The test is con-
sidered as good if the probabilities of the errors in given conditions are as small as
possible. Frequently the problem was solved for the case of a test sequences, where
the probabilities of error decrease exponentially, when the number of observations
tends to the infinity. We call the exponent of error probability, the reliability. All
reliabilities corresponding to possible error probabilities could not increase simulta-
neously, it is an accepted way to fix the values of some reliabilities and try to make
the tests sequence get the greatest values of the remaining reliabilities. Such a test
is called logarithmically asymptotically optimal (LAO). Although the majority of re-
search in hypotheses testing has been restricted to two hypotheses, there are several
situations, particularly in engineering applications and clinical trails, where it is natu-
ral to consider more than two hypotheses. We can explain some examples as follows
1. Consider a fault detection problem in a system where there could be more than
two possible kinds of fault and the goal is not only to detect the presence of a fault as
quickly as possible but also to determine the type of fault.
2. In the context of clinical trials, deciding which of several possible medical treat-
ments is the most effective as quickly as possible is a multiple hypotheses test task.
3. Statistical pattern recognition is a source of multiple hypotheses problem.
4. The parallel distributed detection systems by a source with more than two hypothe-
ses are multiple hypotheses tests.

The problem solved in dissertation is to find a method of testing which is earlier
realized and needs less operations for fulfillment. It is very important in practice. So
it is an actual problem.

The Objective and the Problems of the Thesis

The problems in statistics for making decision about unknown distribution of the
object are very important. The decision made on the base of the random sample is
possible to be wrong. There exist tests, such that the error probabilities 2~ V¥ decrease
exponentially, when the number of the experiments increase. F is error probability
exponent named reliability.

In this thesis the reliabilities in multiple hypotheses two-stage L AO testing are con-
sidered. The aim of the investigation is to study the matrix of reliabilities E: = {E”S},
l,s = 1,5 of the LAO test for S > 2 hypotheses arranged into several families of
PDs for different models and situations. In other words we must find formulas of the
optimal interdependencies for all possible pairs of the reliabilities. In this disserta-
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tion procedures of two-stage LLAO test for models characterized by several families of
PDs, the parallel distributed detection with several families of PDs, detection of distri-
bution for arbitrarily varying object and testing for the models with decision rejection
are investigated. At the first stage a family of PDs is denoted, and at the next stage in
the determined family of PDs, the exact PD is detected. The results of this thesis are a
part of scientific investigations joining information theory and mathematical statistics.
The rates of exponential decrease of the error probabilities of the infinite sequence ®
of tests, as the sample size NV approaches infinity are considered.

Objects of Investigations

In this thesis procedures of LAO detection for the two-stage models in two ver-
sions of sampling, the parallel distributed detection system in two stages with several
families of PDs, detection of distribution for an arbitrarily varying object and testing
with possibility of decision rejection in two stages, for finding of procedures with less
operations are investigated.

Methods of Investigations
In the work we apply methods of Probability, Information and Optimization the-
ories. In particular we use the method of types developed in Information theory by

Csiszar and Korner'.

The Scientific Novelty of the Results
All results presented in this thesis are new.

The Practical and Theoretical Significance of the Results
The results of the thesis can be used in different applications of mathematical
statistics, information theory and distributed detection systems.

The following statements are presented to defending

It is shown that the number of operations of the two-stage procedures is less than
that of one-stage procedure. Some elements of the matrix of reliabilities of the two-
stage test can be greater than the corresponding elements of the one-stage test.

Presentation of the Work

The results were presented in the following conferences:
1) The 8th International Conference on Computer Sciences and Information Tech-
nologies, Yerevan, 2011.
2) Scientific International Conference on Mathematical Logic and Applications, Yere-
van, 2012.
3) The 12th International Conference on Statistical Sciences of Islamic Countries,
Doha, Qatar, 2012.

Publications
The results of the thesis are presented in 8 publications (4 articles and 4 presenta-
tions in conferences) of the author, are listed at the end of the text.

I Csiszér I. and Kérner J. “Information Theory: Coding theorems for Discrete Memoryless Systems”. Academic press, New York, 1981.



The Structure and Volume of the Work
The dissertation consists of 7 Chapters. The list of references includes 56 entries.
The text of the thesis is expounded on 116 pages.

THE MAIN CONTENTS OF THE THESIS

In Chapter 1 the actuality of the problem and the organization of the work are intro-
duced.

In Chapter 2 the method of types, necessary information from probability and results
known from the literature concerning the subject are shortly presented.

In this thesis finite sets are denoted by U/, X', ... . Random variables (RVs) with
valuesin U, X, ... are denoted by U, X, ..., their corresponding PDs are denoted by
P,Q,....LetPDof RV X be P = {P(x), =z € X}.

The set of all PDs on X is denoted by P(X). The subset P (X) of the set P(X)
of all PDs consists of the possible types of vectors x € XV, For Q € PV (X) the set
of all vectors of type () will be denoted by 722N (X) and called the type class of Q).
The probability that NV independent random drawings with P € P(X’) give a vector
x € XV is denoted by PV (x).

2.1. One-stage Multiple Hypotheses LAO Testing
Suppose there exist S different PDs. We call the procedure of making decision on the
base of N-sample the test, and denote it by ¢”. For detecting the actual PD amongst
SPDs P,, s = 1,5, the test ¢V can be designed by partitioning the sample space X'V
to S disjoint subsets g§N>, s=1,85.

Let oy be the probability of the erroneous detection of PD F; provided P is true

CYl|s(¢N) é PsN (gl(N)> ) l, S = 1,_5, [ 75 S.
The probability to reject Py, when it is true, is

A (N —
Oés\s(ﬁbN) = P (gi )> = Z(X”S(ng), l,s=1,5.
l#s
We denote the infinite sequences of tests by ¢, and define reliabilities as follows:

AL 1 N I
Eyjs(¢) = lim inf {—Nlogoeus (¢ )} , ,s=1,8.
For PDs P and @), the divergence (Kullback-Leibler distance) 1s defined as follows:

D(PI| Q)2 3 Plolos g

zeX

Theorem 2.1. (Haroutunian?) Consider an object with S different hypotheses P, s =
1, S. For given positive numbers E 1, Eos, ..., Eg_15_1 let us introduce the regions:

R,={Q:D(Q| P) < Eys}, s=1,5—1,

2Haroutunian E.A. “Logarithmically asymptotically optimal testing of multiple statistical hypotheses”. Problems of Control and Information Theory,
vol 19, nos 5-6, pp. 413-421, 1990.



RS:{Q:D(QHPS)>E5|87 52175_1}7

and the following values for elements of the resultant matrix of reliabilities E(¢*) of
the LAO test sequence ¢*:

N :Es|sa 821,5—1,

s|s
E”S:ng}élD(Q | Ps), l,s=1,5,1%#s,

Eio=min B} ..
sls = T Fls

If the following compatibility conditions take place
0< E1|1 < ng(Ps H Pl),
s=2,5

0 < By <min[min Ej, min D(P || P)], 2<s< 5 -1,
1<i<s s<I<S

then there exists a LAO sequence of tests ¢* with matrix of reliabilities E(¢*) =
{Ef ,l,s=1,5}

l|s?
Even if one of the compatibility conditions is violated, the matrix of reliabilities of

that test will contain at least one element equal to zero.

In Chapter 3 the problem of two-stage multiple hypotheses testing for a pair of dis-
joint families of PDs under two different kinds of samples is solved. Bellow summary
of results obtained in Chapter 3 is brought.

3.1. The Two-stage LAO Testing Using One Sample
Suppose S hypothetical PDs of X are given. They are partitioned in two disjoint
families of PDs. The first family includes R hypotheses Py, P, ..., Pr and the second
family consists of S — R hypotheses Pr.1, Pgryo, ..., Ps. Let us consider two sets of
indexes D; = {1, R} and D, = {R + 1, S} and a pair of disjoint families of PDs P,
and P

Pr={P;, s€D1}, Py=A{Ps, s€Ds}.

We denote the two-stage test on the base of N-sample x by @Y. Such test may be
realized by a pair of tests ¢} and o) for the two consecutive stages, and we write
PN = (¢, ¢Y). The first stage is for choice of a family of PDs, which is executed
with a non-randomized test ¢}’ (x) using sample x. The next stage is for making deci-
sion in the determined family of PDs, which is accomplished with a non-randomized
test Y (x|¢1 = i), i = 1,2, based on the sample x and on the result 1 or 2 of the test
P

3.1.1. The First Stage of Two-stage Test Using One Sample
For given E;Tl we can determine the first stage of LAO test iV by partitioning XV
into the pair of disjoint subsets

AN = U 7oL, and AN =N\ AN,

. /s
strgil)nl D(Qx| |Ps)§E1\1



Theorem 3.1. If all distributions P,, s = 1, S, are different and E;Tl is a positive
number such that the following inequality holds
i < sepfglilfépl D(F[|F),

then there exists a LAO sequence of tests ¢ such that reliability E;T2(E1T1) is positive
and is defined as follows

Eyp(Eyy) =min  inf D@IIF).
s€Dy erélgi D(Q||P)<E

it

3.1.2. The Second Stage of the Two-stage Test Using One Sample
If the 4-th family of PDs is accepted, then we consider test 03" (x|¢; = i), which
can be defined by partitioning the sample space A" to R (or A3" to S — R) distinct

subsets N
BY = [x: o) (x) =5}, seD;, i=1,2.

The answer to the question: which is the best value of E;Tl giving the best values

to reliabilities El’|’:, is in the following

Theorem 3.2. For the given positive values E\}, and E', s=1,R—1lJR+1,5-1,

sls?
the following inequality takes place

/ .
max Eg < FEjf) < min _ D(Ps || B),
s=1,R—1 s€Ds,lED;

! .
and the best value for Ej, is max E;’|s
s=1,R—1

3.1.3. Reliabilities of Two-stage Testing Using One Sample
The test on the base of N-sample, denoted by &7 = (o1, 3V), is formed by a pair
of LAO tests ¢V and @3, If at the first stage of LAO test the i-th family of PDs
is accepted then the test ™V can be realized by partitioning the sample space XV to
disjoint subsets as follows

CNEANABN, seD;, i=1,2.

S Y

Theorem 3.3. If all distributions P,, s = 1, S, are different and positive values E1|1
and E', r = 1,R—1JR+ 1,5 — 1, satisfy compatibility conditions of the first

r|r

and the second stage, then elements of matrix of reliabilities E" (®}) of the two-stage
test by one sample ®7 can be found by

E"(®7) = Ejl (v3), 1,s=1,8.

l|s |s

When one of the compatibility conditions is violated, then at least one element of the
matrix E" (®7) is equal to zero.



3.2. The Two-stage LLAO Testing Applying to a Pair of Samples
Suppose N = N; + N, be such that:

Ny =[¢N], Ny=[1-9)N], 0<¢ <1,

X = (X17X2>7 X1 = (x]J:UQ)' . JxN1)7 X2 = <$N1+1,$N1+2, <o xN)a
xe XN, xp e XM, xp e N N = Mo xMe

The two- stage test by the pair of samples on the base of N-sample is denoted by
Y = (o1, ph?). The first stage is a non-randomized test " (x;) using the sample
x;. The next stage is a non-randomized test ©2?(x;|¢1 = i), 7 = 1,2, based on the
sample x5 and on the result of test gpiv L

In the two-stage decision making, the test 3" can be defined by partitioning the
sample space X'V to separate subsets as follows

A .
CNEAM BN seD; i=1,2.

Theorem 3.4. If all distributions P,, s = 1, S, are different and positive numbers E*

1)1
and Ev’ﬂ’v r=1R—-1JR+1,5— 1, satisfy compatibility conditions of the first
and the second stage, then elements of matrix of reliabilities E" (®}), of the two-stage

test by the pair of samples ® are:

E(®5) = (1 - )Er, 1, s€ Dy, i=1,2,

l|s»

E[l(®3) =Bl + (1 —)E:, s€D;, le€D;, i,j=1,2,
(P35 =min B (DY), s€D;, i=1,2.

s|s I l|s

When one of the compatibility conditions is violated, then at least one element of the
matrix E" (®%) is equal to zero.

3.3. Comparison of Matrices of Reliabilities of Three Procedures
If all distributions P,, s = 1,5, are different and positive values of diagonal ele-
ments F, = E;’|’S, — 1,5 — 1 of the matrices of reliabilities of one-stage and
two-stage cases satisfy corresponding compatibility conditions, then for columns s =
I,R—1JR+1,S — 1 reliabilities of two matrices are equal, but for R-th and S-th
columns reliabilities can be different.

We have shown that the number of the preliminarily given elements of the matri-
ces of reliabilities in both one-stage and two-stage LAO tests are the same, but the
number of operations of the two-stage LAO test by one sample is less than that of
one-stage LAO test and is greater than the number of operations of two-stage LAO
test with a pair of samples. This was observed also during experimental calculations
of examples.




In Chapter 4 the problem of two-stage multiple hypotheses testing for many dis-
joint families of PDs is investigated. Bellow the summary of obtained results from
Chapter4 is introduced.

Suppose S possible PD P,, s = 1, S of X are given and they are grouped in K
disjoint families of PDs. The first family includes R; hypotheses, the second family
includes R hypotheses and etc., the last family includes Ry hypotheses such that
Z?:l Ry, =S,

The first stage of decision making is denoted by a test ¢ (x), which can be defined
by partitioning the sample space XV on K disjoint subsets A;Y, k=1, K.

In the second stage, we consider test 03 (x|} = k) which can be defined by
partitioning the sample space A;" to Ry, disjoint subsets B, s € Dj.

If at the first stage the k-th family of PDs is accepted, then at the two-stage de-
cision making, the test ®;"V can be assigned by partitioning the sample space XV to
following disjoint subsets

N D *
CSN = AkN N BSN, S € Dk

We show that the number of operations of the two-stage LAO test is less than this
of one-stage LAO test. This was observed also during experimental calculations of
example.

In Chapter 5 the investigation of two-stage LAO parallel distributed detection is
considered and the compatibility conditions are shown.

The most common architecture in distributed (or decentralized) detection is the
parallel system depicted in Figure 1. It consists of /V dispersed sensors, and a fusion
center. Each sensor makes an observation (denoted by X;, i = 1, N) of a random
source, quantizes X; into an M-ary message U; = ¢;(X;), and then transmits U;, i =
1, N to the fusion center. Upon receipt of Uy, Us, ..., Uy the fusion center makes a
global decision Uy = D(Uy, Us, ..., Uy) about the distribution of the random source.
The optimal design of system entails choosing quantizers g1, go, ..., g and a global
decision rule D so as to optimize the reliabilities. The messages Uy, Us, ..., Uy are all
transmitted to the fusion center which declares hypotheses H;, i = 1, N to be true,
based on a decision rule D.

Figure 1: The multiple hypotheses parallel distributed detection system



5.1. The One-stage LLAO Distributed Detection
We call the procedure of making decision on the base of N-sample the test ¢". The
statistician must detect one among .S hypotheses using vector of results of /N-sample
u = (Ul, Ua, UN)
The probabilities of the erroneous acceptance of hypothesis H; provided Hy is true
are the following

as(@M) 2 PN (Uy=1), 1,s=1,5, 1 #s.

For preliminarily given positive values Fyq, ..., Eg_q5_1, we define

;k\s é slsy S = 175 - 17 (1)

inf Py, l,s=1,5, s#1, (2)
DI <8, D(Q]|Pyy)) #

x D
l|s_

3)

Theorem 5.1. If all distributions P,, s = 1, S, are different and the positive values
Eip, Eop, ..., Es_115-1 are such that the following inequalities hold

B —mlnE
Sls = T Fls:

Eyn < E;%D(Pl(g)”Pl(g))v 4)
Ey, < min | min E”S, min  D(Pyp||Psg)) |, 5=2,5—1, (5)
I=1,s— l=s5+1,5

then there exists a LAO sequence of tests, all elements of the matrix of reliabilities
= {E| } of which are positive and are defined in (1) — (3).
When one of the inequalities (4) — (5) is violated, then at least one element of the
matrix E* is equal to zero.

5.2. Two-stage LAO Distributed Detection for a Pair of Families of PDs
The two-stage test @V = (oI, ©2?) is the system depicted in Figure 2. The first
stage is executed by a non-randomized test gpiv '(up) using message sample u;. The
next stage is a non-randomized test 5 (uy|U’) based on message sample 1, and the
outcome of the first fusion center U’.

Figure 2: The two-stage multiple hypotheses distributed detection

Theorem 5.2. If all distributions P,, s = 1, S, are different and positive values E1|1
and E;’|S s=1,R—1Us = R+ 1,8 — 1, satisfy compatibility conditions of the

first and the second stage, then elements of matrix of reliabilities E" (®*), are:

By (@) =(1 - @b)E{(;k, l,seD;, i=12,

l/|,;( ") ¢ + (1 w)E{(;‘, seD;, 1e€Dj, i,j=1,2, i#j,
" () —I{Q?El'f;(q) ), se€D;i=1,2.

s|s
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When one of compatibility conditions is violated, then at least one element of E"" (®*)
is equal to zero.

5.3. Two-stage LAO Distributed Detection for Many Families of PDs
The two-stage test ®*V = (gpr ' gpzN 2) is the system depicted in Figure 3. The first
stage is executed by a non-randomized test go}‘N '(uy) using the first message sample
u;. The next stage of test is a non-randomized test 3 ?(uy|U’) based on another

message sample uy and the outcome of the first fusion center U’.

Figure 3: The two-stage distributed detection for many families of PDs

In Chapter 6 the exploration of two-stage LAO detection of distribution for a discrete
arbitrarily varying object is investigated.

Suppose G be the alphabet of states of the object. The state ¢ € G of the object
changes independently each moment of time n. S possible conditional PDs of X are
given. Let P(g) be a set of conditional PDs as

P(g) = {Pi(z]g), Pa(x|g), ..., Ps(z|g)}, v € X, g € G,

which are divided to two disjoint families of PDs as follows:
Pi(g) = {Pi(z]g), Po(z|g), ..., Pr(z|g)}, v € X, g € G,

PQ(g) = {PR+1(CL’|9),PR+2(I‘9), ,PS(LULQ)}, S Xa g€ g)

but it is not known which of these alternative hypotheses H; : P(z|g) = Ps(z|g),s =
1, S, is in reality and it must be detected.

The two-stage detection on the base of N-sample is denoted by &V = (gp{v " goév 2).
The first stage is using the first detector )" (x1, g, ) based on the joint sample (x;, g1).
The next stage is applying the final detector @5 ?(x3, g2 = 7) based on joint sam-
ple (x3, g2) and the outcome of ' (x;, g1). In Figure 4 the two-stage detection with
arbitrarily varying object is depicted.

Figure 4: The two-stage detection with arbitrarily varying object

6.1. The First Stage of Detection for Arbitrarily Varying Object
The first stage of decision making is denoted by a test gpjlv '(x1,81). For construction
of LAO test o] for preliminarily given positive value Elf[p the following subsets of
distributions are defined:

AN (xi]gr) = U Tt o (X[g),

g1 @xyle;
. /
Oyl oDy D(Qxy gy [|1Pslmey )< By

and A3V (x1]g1) = AN\ A (x1]g1).

Theorem 6.1. If the positive value E;"“l, is such that E;Tl <, DminD D(P||Ps), then
€Dy, s€1L
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there exists a LAO sequence of tests i such that another reliability E;TQ is positive
and is defined by

EJ, = min min inf D(Q||Ps|m).
1

i

6.2. The Second Stage of Detection for Arbitrarily Varying Object
The test gpéN ?(xa, g2|gp’fN ' = ) can be defined by partitioning the sample space X"
to R (or S — R) distinct subsets. If the ¢-th family of PDs is accepted, then

*1Ng *IV1 A *INg *IN1 : : 1 9
BsN (X2‘g27901N - Z) — {XQ . QOQN (X2;g2|901N - 2) - 8}7 se€D;, 1=1,2

6.3. Reliabilities of Two-stage Detection for Arbitrarily Varying Object
In the two-stage decision making, the test ®* can be defined by partitioning of the
sample space X'V to S separate subsets as follows

A .
CN=AM BN 5Dy, i=1,2.

Theorem 6.2. If all compatibility conditions of the first and the second stage are
satisfied, then elements of matrix of reliabilities E" (®*) of the two-stage test ®* are
defined as follows

E{f;(@*) =(1-P)E:, I,s€D;, i=1,2

l|s»
Ef (@) =Bl + (1 —9)E]s, seD;, le€D;, i,j=1,2, i#],

(@) = min Bf{(®3), s €Dy, i =1,2,

When one of compatibility conditions is violated, then at least one element of E"" (®*)
is equal to zero.

The goal of this Chapter was to express the optimal functional relations for all parts
of reliabilities of LAO detection by two stages.

In Chapter 7 the problems for two-stage multiple hypotheses LAO test with possi-
bility of decision rejection are solved.

Suppose there are S different PDs P,, s = 1, S. For detecting actual PD between
S PDs, the test ¢, can be defined by partitioning the sample space X to S + 1
disjoint subsets CY, s = 1,5 + 1. The set CY¥, s = 1,5 consists of all samples x
for which s-th PD is adopted, and C2 ; includes all vectors for which the statistician
refuses to take certain answer. The statistician must detect one among S hypotheses,
or he can withdraw from any judgment.

We denote the two-stage test on the base of N-sample by I = (¢, p)). The
first stage of decision making consists in using sample x is the test 2 (x). At first
stage one family of PDs is detected or decision is rejected.

12



If the first family of PDs is accepted, then at the second stage, we consider test
03N (x|} = 1) which can be defined by partitioning the sample space A;™ to R + 1
distinct subsets B/Y, s =1, R+ 1. The set BV, s = 1, R, consists of all vectors x
for which s-th PD is adopted and B}}JL is all vectors x for rejecting of first family of
PDs.

In two-stage LAO decision making, 1" = (1", 05) can be assigned by parti-
tioning the sample space X'V to S + 1 disjoint subsets as follows

A .
CN=ANNBN, seD;, i=1,2,

* A * * * *
Csly = (A N B U (ASY N B,
We proved that the number of operations of the two-stage LAO test with possibil-

ity of decision rejection is less than this of one-stage LAO test . This was observed
also during experimental calculations of an example in this Chapter.

MAIN RESULTS OF THE THESIS

In dissertation, two-stage testing and detecting of statistical hypotheses concerning
objects characterized by probabilities distributions grouped in two or more families,
are studied by using methods of probability theory and information theory. Solved
problems are particular cases in the generalizations of classical hypotheses testing
and distributed detection and in relatively recent studies of statistical LAO tests. The
task is construction of efficient tests that attain optimal reliabilities.

In this thesis the models characterized by K > 2 families of PDs consisting of
S > 2 hypothetical distributions are investigated. The matrix of reliabilities of LAO
hypothesis testing by a pair of stages is investigated and compared with the analogous
matrix of reliabilities of one-stage testing. Advantages of the two-stage LAO testing
are revealed.

The reliabilities of a parallel distributed detection system are investigated as the
number of sensors tends to infinity. It is assumed that the sensors transmit results
of measures to the fusion center for detecting in the pair of stages the distribution
of studied object. In the work, conditions of optimal solutions and characteristics of
LAO test are indicated.

The matrix of optimal interdependences of all pairs of reliabilities are studied for
an arbitrarily varying object with the current states sequence known to the statistician.
It is shown that the number of operations of the two-stage detection for an arbitrarily
varying object is less than that of one-stage detection.

An analogical investigation is dedicated to two-stage identification of distribution
with a possibility of decision rejection. So the following main results are obtained in
Thesis:

e For the models characterized by two families of PDs, multiple hypotheses two-
stage LAO testing is constructed. In particular case optimal interdependencies
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of pairs of reliabilities are calculated and graphically presented [1, 5, 7].

e The matrix of reliabilities for the model of the multiple hypotheses two-stage
LAO testing for many distinct families of PDs are studied and compared with
the one-stage case [3].

e Many hypotheses parallel distributed detection system with the pair or many
families of PDs is investigated and graphically presented. The compatibility
conditions of LAO detection for every case are presented [4, 6].

e Multiple hypotheses two-stage LAO detection for an arbitrarily varying object
is studied and the optimal relations of all possible pairs of the reliabilities are
found [8].

e The case of many hypotheses LAO testing with possibility of rejection of deci-
sion for a pair of families of PDs is studied. The matrix of optimal asymptotic
interdependencies of all pairs of the error probabilities exponents is found [2].
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dwpohtt Znpungh ukdwry

Pwplunidubph Uh pwth pinwthputpny punipwgpynn dnpkjukph
JEpwpkpuw) Juplwsutph tplthni hntuwh phnkjndwt hbnwugnunnd

Uwnbkbiwjununipjniunid phunwplynd £ puquuljh Jpdujugpuljut quplwusubkph
tpythny  wbkunwynpnudp wyt opjkjnubph  Jhpwpbpuw), npntg  Juplusuyht
hwuwiwlwunipniubph  pwopunwdubpp jpdpwynpdws b Eplnie, Juwd  wydbkh
puwnwthpubpnud:

Lnwdywé puunhpubpp punhwpugnidubp B nuuwluwt Juplwsubph unnigdwi b
nwpwpwohius phnbtjundut jughpubph b owpnibwlnmipnit Gt hwdbdwwnwpwp
Jtpoht mwuphutph Jhdwujugpuljut LUO (jnquphpunpkt wuhdywunwunnpbt owyyunnhuduy)
wmbunbph niumdbwuhpnipjut: Lywwnwl E wjbyhuh mbunbtph Jupnignidp, npnup
wywhnynmd ko vjuwh  hwwbtwluwiunipjutt  gnigsuyhtt wjwugnudp  owyunnhdwy
gnighsutipny, npntp Ynsynid ki hntuwhnipyniutbp: Mhwp E uodh, pl np quydwubph
nphypnid wppynibwybn npnonidutp gnymipnit nitkt jupdwgnyt gnpdpupwugutph
Uhongny:

Uwntuwjununipjniunid ntuntdbwuhpyniud tu dnnbkjutp, npnup punipuqpyniud tu
K =2 hwjwtwlwbwht pupjunidutph pivnwuthpubpny punhwinip wndwdp juqddws
S =22 Jupluwéwyht puphuinidubphg: Ogurnugnpstiny hwjwtwljwiunipjut nkunipjut b
hupnpuughugh nhunpul dkpnnubpp juenigdmd b bplphng Juplusibph oupnpuwyg
unyuwlwiwgdwt gnpéptpwgubph Eplynt wwppbpuly: Unwehtt thnynid thnpduwlui
nyjutkph Jiywnnph - wdniph hhdwt Jpw npnoynid k, np pinwthphtt £ wunljutnid
hpwywt pwopunidp, hull Gphpnpn hmynmd quiuynmd E npnubih  pwopunudp wyy
ptwnwthphg: dwplwsubph LUO Gplthny unnigdwb hniuwhmpmnibtubph dwwnphgp
niunidbwuppynud £ b hwdbdwwngnud £ dbY thnynd uwnnigdwi bdwbt dwwnphgh hbwn:
‘Uoynid ki Epljthny LUO nbunnwynpuwitt wnwybinipiniuutpn:

Muunidbwuhpyl) B gniquhtn mupwpwopjus LUO phinblndwt hwdwlwpgh
hntuwhnipnititpp, btpp  qquyulutt  uwppbph (sensors) pwbwlp dquumd L
wiybponipjut: Cupwnpynid kE, np qquyuljutt uwwppbpp swihnidubph wpniupubpp
nipnupynud tu dhwynpdwt YEunpnt, npunbn npnoynid £ ntunidbwuhpynn opjkljnh
puwofunidp: Opnodwb gnpdplipwugp Lplthny k, woiwmwnwtpnid ol Eu npu owyguinhduy
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hpwywtwgdwt  htwpwynpnipjutt hwdwnbnnipyuwit wuydwbtbpp b LUO
nbunnwynpdwt punipwqphsubpp:

Judwjuwlwinpkt thnthnpuynn opjijnp ujwwndwdp, nph pupwghl yhdwlubkph
hwonpnuljwunipjniip hwjwnuh L, ntundtwuhpdbl] i hnituwhnipeniuttph qnuygbph
owwmhuw] thnpjupjuydusnipniutbpp: 8Snyg £ wpdws, np tplthny phnbijundut
gnpénnnipniiubph pwbwlp judwjwjuwiunpb thnthnhynn opjiljnh nhwpnid wykjh phs
E, pwtt Uhuthnt phnkljundwt gnpéptpugnid:

Ldwbwwnhy hbknwgnuumiput £ tdhpws pupjudwt tnyuwljubwugdwb
gnpépupwght, tpp pudtntynd £ htwpwynpnipinit hpwdwpybt) npnonid pugniubnig:

Uwntuwjununipjniuntd unwuggws tu htnlbyu hhdtwljut wpgniupubpn:

* Uowlyl) E pwopundubph bpynt puwnwbhpubpny punipwugpynn Unpbjubph
tjundudp  puquuljh  Juplwsubph Eplthny LUO  wbunwynpnidp:
Uwubwynp  opptwlnd  hnruwjhnmipiniubph  qnuygbph  thnjljuwydw-
dnipjniuitipp hwouplyty Eu b ubpuyugyty ko gdwyunytputpny [1, 5, 7]:

* Puquulh Jqupusubph tpythny LUO wbtunwynpiwt hniuwihnipnitutph
dwwnphgp  puwpjunidutph  pwquwlh pwnwbhpubpny  dnpljh  phuypnud
niuntdtwuppyby kb hwdbdwngby £ vhwthniy nhwph htwn [3]:

* Zhumwgnuyl] b gbuwyuunltpny ubkpjuyugyl] b qniquhbn wnwupwpwppudus
phnbkjundwt hwdwlupgp, punipwuqpynn bEpyne b wydbh  pwounidubph
punwthputpny: Fnnp phwypbpmd  ukpuyugdt; b LUO phwnblundwt
huwdwwnbnnpjut guydwuubpn (4, 6]:

* Nuwunwhwlwinptt thnthnpjuynn dnpbih tuundwdp puquulh Jupyusutph
LUO phwnkljundwt Eplthny gnpsupwugp htnnwgnundt) L b pnjnp htwpuygnp
hniuwhnipyniutph qnyqtph juppusnipiniuubpp gy Gu [8]:

* (unwdbwuhpyl] £ npnomud  spupgnitbint htwpuwnpnipjudp  puqdulyjh
Jupyuwsutph LUO uwinignudp hwjwbwlwbwhtt  pwopundubph  Eplyno
puwnwthpny punipwgpynn dnpkjh phypmd: Zbwnwqgnudbp b upuwubkph
hwjwbwlwunipniuutph gnighsutph pnnp httwpwynp qnuygqbph owwnhuuy
Juwijwénipiniubph dwwnphgp [2]:

Uwntuwjununipniunid  ubpuyugdus wpynibipubpp hpupywpuljjuws tu 8 hpuww-
pulubpnid b qilnigyt) ki 3 dhpwqquyhtt ghvnnwudnnnyubpnid:
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®apmuna XopMosu HeXas,

I/ICCJIe,I[OBaHPIe ABYXJTAIIHOT'O HAZAEKHOTO AETEKTHPOBAHMNA I'UIIOTE3 OTHOCHUTEIHBHO

MO/JieJIeH, XapaKTepH3yeMBIX HECKOJIBKUMH CEMEeHCTBaMHU paclpeleIeHHH.

B nuccepranmuu paccMaTpuBaeTCcsa BYyXdTallHOE TeCTUPOBaHHME U JeTeKTHpPOBaHUeE
CTaTUCTUYECKUX THUIIOTe3 OTHOCHUTEIBHO OOUEKTOB, XapaKTepU3yeMbIX paclpefeleHUuIMU

BEPOATHOCTEH, TPYNINIUPyeMBIMU B [IBA MJIN OOJIee ceMeHCTBa.

Pemennsle 3amaun ABIAIOTCE 00OOIIEHMAMU KJIACCHYECKUX 33a/a4Y IIPOBEPKH MHOTHX
TUIIOTe3, IIPOJO/DKEHHeM HCCIeJOBAaHMH B OTHOCHUTENBHO mmociaegHue roxaer JIAO
(morapudMuYecKku acCUMITOTUYECKH OINTHMATIbHBIX) TeCTOB. llenpio sABifeTcs mocTpoeHHe
TaKWUX TECTOB, KOTOPEle 00eCIeYnBaIOT SKCIOHEHI[UATbHOe YOBIBAaHNEe BepOATHOCTEl OMMOOK C
ONITHMAJIbHBIMHU ITOKA3aTeJIIMH, KOTOpble HAa3bIBAIOTCA HAJEXXHOCTAMU. HeoO6Xo Mo yKa3bIBaTh,

IIpU KaKUX yCJIOBUAX CYIeCTBYIOT 2(pdeKTUBHEIe BEIBOABI, peasn3yMble Hanboiee KapOTKIMMU

IIpoleAypaMu.

B muccepramuu mcciemyloTCA MOZENH, KOTOpble Xapakrepusylorcs K>2 cemelictBamu
BEPOSATHOCTHBIX pacIpesieleHHuH, B I[eJIOM COCTOAUIMMH M3 S=2 THUIOTeTHYeCKUX
pacmpezenenuii. Mcmone3ys MeTOmsl TeOpUK BEPOATHOCTEH M TeopuU WMHGOPMAIIUU CTPOATCS
IlBa [IByXSTAIIHBIX BapHaHTa IIPOLEAYPHl ONTUMAJIBHOU HAeHTHUKanuu runore3. Ha nmepsom
STalle HA OCHOBE BEKTOPA OIBITHBIX JAHHBIX — BEIOOPKH, OIIpefiesIAeTCs K KOTOPOMY CeMeHCTBY
NIPUHAJIEKUT [eHCTBUTENbHOe paclpesielieHHe, a Ha BTOPOM DJTale B OJTOM CeMeHCTBe
HaXOJUTCA UCKOMOe pacipeenenue. MaTtpuna Hagexxaoctu aByxaramHoro JIAO rectupoBanmsa
TUIIOTE3 MCCIEeAYETCA U CPaBHUBAETCA C aHAJOTMYHON MaTpHUILe HaZeXHOCTEM OJHODTaIlHOM

IIPOBEPKU. Y Ka3bIBAIOTCA IIPOLleypHBIe TpenMylnecTsa AByxatanHoro JIAO rectupoBaHu.

Wzygenst  HagexxsHoctu  cuctembl JIAO  mapaniessHOrOo  paclpefieIeHHOTO
IeTeKTepOBaHUA, KOTAA YHCJIO CEHCOPOB CTpPeMHUTCHI K OeckoHewuHOCTH. IIpemmosaraercs, 4To
CEHCOPHI IIPOM3BOZAAT H3MEpPeHMs, IoChIaeMble Ha obOuemmuutensHbIH (fusion) menTp, rxe
IIPUHUMAETCS pelleHre OTHOCHUTEJIBHO paclipefieleHus usydaeMoro obuekra. Ilpomexmypa
pellleHUs [ByXdTallHadg, B paboTe yKa3aHbl YCJIOBUA OITUMAJIBHOTO IIPUHATHUS peIIeHUA U

xapakrepuctuku JIAO Tecra.
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B cnayuae mpousBONBHO MeHAIONETOCA OOUEKTa, IIOCAefO0BATEIBHOCTh TEeKYyUINX
COCTOSHU KOTOPOTO M3BEeCTHA, U3yYeHbl ONTUMAaJbHbIE B3aUMO3aBUCHMOCTH IIap HaZeXXHOCTEMH.
IToxazaHO, 4YTO KOJIMYECTBO OIEpalMii JBYXdTAaIIHOTO JeTeKTHPOBAaHUA B CIydae IIPOU3BOJIBEHO

N3MEHAIOUIETOCA 00UEeKTa TaKKe MEHbIIE, 9eM IIPH OJHOSTAITHOM JE€TEKTEPOBAHNHU.

Amnanoruynoe HMCCJIeIOBAHME TIOCBAIIEHO JIByX3TaITHOM UAeHTUDUKATUHT

pacpezie/ieHusA IIPU BO3MOXXHOCTH OTKa3bIBaThCA OT IPUHATHA PEUIeHMU.
Taxum 06pasoM, B JuccepTaluy IOIyYeHBI CIeLyIOol[e OCHOBHBIE Pe3yIbTaThL.

* Paspaborano apyxastamHoe JIAO TecTnpoBaHMe MHOTMX THIIOTe3 OTHOCHUTEIBHO
Mojlesieli, XapaKTepusyeMbIX JAByMs ceMelicTBaMH pacnpegeneHuit. /i uvacTHOrO
cIy4yas B3aMMO3aBHUCHMOCTU TIap HaJeXHOCTell pacCUMTaHBl U IIpefCTaBIeHbI
rpadukamu [1, 5, 7].

* Marpuna HagexHocTeil aByxstamHoro JIAO TecTuMpoBaHMA MHOTHX THIIOTe3
OTHOCHUTEJIBHO MOZeIeil CO MHOTMMHU CEeMEeHCTBaMH paclpefeleHUH Hu3ydYeHa U
CpaBHEHA C O/THOSTAITHBIM CIy4yaeM [3].

* HWccmenosana u  mpeAcTaBleHa  rpaduyYecKu  CHCTeMa  IapajuleJIbHOTO
pacIpeie/IeHHOTO  IeTeKTUPOBAaHHA, XapaKTepusyeMas JIByMd, WA Oojee
cemelicTBaMu pacmpegeneHui. [lga Bcex ciy4aeB IIpe/CTaBI€HBI  yCIOBHUA
coBMecTuMocTH AByxaTanHoro JIAO merextuposanus [4, 6].

*  [IByxsranHoe JIAO neTexTupoBaHUe M3y4deHO B CJIydae IIPOM3BOJIBHO MeHSIOMeHcs
MOJle/I¥, HailifleHBl ONTHMAaJIbHBIe B3aMMO3aBUCHUMOCTH BCeX BO3MOXHBIX IIap
HajiexHocTei [8].

* Hsyuena JIAO npoBepka MHOTMX BepOATHOCTHBIX pacIpe/ieJieHU B Cydae MOJeNIH,
XapaKTepu3yeMOu JABYyMsA CeMelCTBaMU pacIlpeieIeHUI P BO3MOXXHOCTH OTKa3a OT
IpuHATUA PpemreHuil. McciaemoBaHa MaTpulla ONTHMMAJIbHBIX 3aBUCHMOCTell Bcex

BO3MOXKHBIX I1ap ITOKa3aTeseil BepOsSTHOCTEH omubox [2].

PesynpraTsl, mnpencraBleHHBle B [JUCCEPTAlMM ONYOJMKOBaHBI B 8 myOauKauusax u

TOKJIabIBAINCh HA 3-X MeXAYHAapPOZHBIX KOHPEePeHINAX.
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