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T3TECSDUST RO

as ths dynanic part of prcbability thesry, in which one
gttdies a collzebtion of random variabklas { called a stochastic
procsas ) froz the point of wview of thelr interdependencs ani
limiting behaviosur. The iareriance of <he theory and appli-

caticng of stochastic procssses in scisntific disciplines is

well established.
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Markcev chalns [ proce:
major topics of the theory of stochastiic processes. It carries
the name of ithe great Russian mathema
1922} who feormulatsd the tasie delinitions and siudlied the

)

fundamsntal propertiss of fthese chains in the czse when the

a3
T
o
[u}
-
3
Lol
4]
™M
-
o
'_l
iD
1]
—+
w
[
il
Loy}
s
ol

Tp te daie Markov chains (processes ) are w21l studied

tic rocesses and

[£13

23 a parit of the theory of general ztochz

s

it has a wide variety of applications in the wvaricus scientific
disciplines such as Fadiotechnoclopgy, Pschology, Econamics,
Epidemiolegy, Demography and ete... . The application field

of Markov chains is related in its extension to the advances
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priasivally in two direcilons., The firs

the probslems of perferming the basic clasaica

tneory of prebazbility { in particular, stinit theorems ) of the
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ndependence schere fLc the case of

Trhe second direction deals wiih Zhe guesticns related tco
tha siructures of trarsitior probabilities and the analysis

L

(¥
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+
[

mit tLheorems represent, in connecticen with Zts thec-

retical value, the most essential part of modsrn probabil

ot

. a
\J

theory, and have, 1in correction with its prac

zn exceptlional importance.

In fact,the exact formulas and its applications for numerical ecal-
culaticne represent,in probabilizy thecryne mers than an excepticonal
case, This situation generated the necessity of using sui-
table approximate probability clstributions or their related

charzecteristics.

These approximations must, from one side, be useful for

numerical calculations and must, from the other side, have
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spproxization. Thes mein zaim of limii theorews I3 to surply
approximaticns that satis®y the indica<tsd reguirensnts.

Ticit theorems Zor honogensocus Marxov chalinz ocoupy a

an between all cthers,

b

great distinguished posit

4

Studies of limit thesrsms for seguances of ths distr

[N

butien of the sum of randoz variables, related by & homo-

geneous Markov chain, are initiated by the work of Markov[153],

.

Bomanovski [23], Sarimsakov [24), and Sirazhdinov [ 25,28 |

when the sst of possible states of the ceonsidered Markaov chain
iz either finite or presented by an interval on the real line.

rected to extend the achieved rzsulis

Fae

zttzer efforts are d

[l

to the case when the set of states of the chain 1s arbiltrary.
Tt is also directed to gener=zlize the well kxnowr results such
as the central 1imit theorem, the Berry- Essen inequality,
2tc...in the case ofsequences of independert random variables to
the Markov chains case. The fundamental worx in these directions

is due to Nagaev [ 16,17 1, Skvorcov [30,317], Sirazhdincev and

Formanov [27,2%)], and others (see [28]).
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croklam of the 1imit theorems f¢

0f wapndom variablas related by a homogeneonus Markow chain.In
tnls connection we are intsresied in tﬁr1§- uniferm estimates
for trhe rate of monvergence,in these thecrems.These estimates
will be obtazined as a result of studying the structure of the

remainder ternin these limit thzorems.

-

The thesis ccnaists of three chaptar

i
m

i

and an appendlx.
Chapzer I,dsals with the prcblem of the uniform estipates for

the rate of convergence in the limit theorsas for the distribution

of the sum of random variables related by = homogeneous Markov

[

chai=» with arbitrary set of states.Secticn i, iz a full disc-
ussion of the central 1imit theoren proved in{16],while section

2, isdevoted for discussing the uniform estinates For the rate

[N

of convergence in the central 1imit theorex proved in secticn 1,

where the Berry-FEagen inequality proved init7] is discussed,and
finally section 3, gives a full exposition of the results of Gharikt
[ 9 ]trat generalize the results of sectiorz 1 and 2 to the case
when the assumption that the transition probability funection has

2 f2nite third absolute moment is not fulfilled.

In chapter II,the limit theorems for the distributien of the
weighted sum of random variables related by a homogeneous
Markov ehain with arbitrary set of possible states are discussed.
Saction 1,is devoted to the basic definitions,properties and aux-

iliary results.In section 2,we present the central limit theo-

rem and the Berry-Essen inequality . The results of this
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can-ion are due to Gharib f¢l, In seciicn 3, wo mregant our
waw results concerning the limit theorasns irn the czeec when
the conditions of the existznece of atzsolute nom=nts of the

transition probability funcilon are nol Fulfilled. In fact,
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Ir chapter III the preblem of the 1imit thecrems for a special
type of finite honmogenecus Markov chaing is discussed. The
segquence of random variables related by this type of finite
hemesgeneous Markowv chalns is called the Markov - Bernoullil
sequence of random variables { or the Markov-Bernoull X podel]
anc is introduced by Edwards[4]. The important¢e of the Markov

Bernoulli model ccomes from its wide varlety of practical appli-

o

cations in many fields such as , Reliability, Zeclogy,ste...
(geel18],[2° %, [32ian1 [33)i hus,section 1, introduces the hasic
definitions and characteristics of the Markeov-Bernoulli medel .

The contents of this sectiicn are based essentially on the work

Segetien 2 ives a “ull exposition cf
» |2

pas

Bf Wang [34]and Arnig and Ghar hl17,
+the resuits of Chariband Yehia [1Q] concerning uriform estimates
of the rate of convergence in the central limit theorem.for
the Markov-Bernoulli sequence of random variables.In gectlon
3, we present our results concerning the limit theorems in

the L_ - space ( 1<m<>) { the space of functions f for which
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saquaernce of randosm variables.The results of this

robabllity fur-
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ction of the homogeneous Marxov chain,

The technique of the proofs of ths considered 1iwit

th

Lin3
=]
s
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in the present thesis, is based on the method of

characteristic functions, in consisient with the spectral

ot

theory of linear operaters in the barachk spacs of all boundad

cornplex—-vualnued functions.

Tt is well knowr tha%t, the method of characteristic

[ 8

functions, represent, Ir the theory c¢I sums of independent
random variables, an analytle and powerful device, which

Tity,not only for estaplisning limit theorems

[N

gives ithe poscib
of quality character, but alsc for proving theorems having
expressions of qualitative character, that represent esti-
mates for the rate of convergsnce in the central limit

theoren ( the Berry-Essen inecuslity}.
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CHAPTER 1

LIMIT THEOREMS FOR HOMOGENEOUS
MARKOV CHAINS WITH ARBITRARY SET OF STATES
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