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Anototsiya:

Markov zanjiri deb atalgan jarayonlar birinchi marta 1906-1907- yillarda A.A.
Markovning rus tilida yozilgan asarlarida uchraydigan unli va undosh harflar
ketma-ketligining xossalarini o'rganishda bag ishlangan ishlarida ko rilgan. Bu
ishda Markov jarayonlarining muhim sinfi hisoblanadigan, holatlar fazosi chekli
yoki sanogli to plamdan iborat bo'lgan, bir jinsli Markov zanjirlari bilan
tanishamiz va ergodik teorema keltirilgan.

Kalit so'zlar. Markov zanjiri, Markov xossasi, boshlang’ich tagsimot, o'tish
ehtimolliklar matritsasi.

AHHOTAIIUA:

[Ipotieccol, Ha3piBaeMbI€ 1ebI0 A.A. MapkoBa, ObUTH BriepBbie BBEIeHBI B 1906-
1907 rr. Dt0 OBUIO BHAHO B paboTax MapkoBa, MOCBSIIICHHBIX H3YYEHHUIO
CBOWCTB TMOCJEAOBATEIbHOCTA TJIACHBIX W COTJIACHBIX, BCTPEUYAIONIUXCS B
MPOU3BEACHUSAX, HAMMCAaHHBIX Ha pPYCCKOM s3bIke. B a3Tol pabore MbI
3HAKOMHMCSI C OJHOPOJHBIMU IensiMH MapKoBa, KOTOPBIE SBIISIIOTCS BaXKHBIM
KJIACCOM MAapKOBCKHUX TMPOIECCOB, MPOCTPAHCTBO COCTOSIHUI COCTOUT U3
KOHEYHOTO WJIA CYETHOTO MHOJKECTBA, a TaKXE€ MPUBOIUTCS IProgudyeckas
Teopema.

KarwueBbie cioBa. llenbp MapkoBa, MapKOBCKO€ CBOWCTBO, HadYaJIbHOE
pacnpeaeneHrue, MaTpulla MEPEXOIHBIX BEPOSITHOCTEM.

Annotation:

Processes called Markov A.A. chain were first introduced in 1906-1907 by. It
was seen in Markov's works devoted to the study of the properties of the sequence
of vowels and consonants found in the works written in the Russian language. In
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this work, we get acquainted with homogeneous Markov chains, which are an
Important class of Markov processes, the space of states consists of a finite or
countable set, and the ergodic theorem is presented.

Keywords: Markov chain, Markov property, initial distribution, matrix of
transition probabilities.

Faraz gilaylik tajriba bog ligsiz ravishda n marta takrorlansin. Agar 1-tajribaning natijasini
o, , 2-tajribaning natijasini @, , va xuddi shunday n— tajribaning natijasini o, deb belgilasak,

bu tajribalar ketma-ketligining elementar xodisalar Qz{a): a)z(a)l,wz,...,a)n)} to plami

bo'lib, @, i€{l, 2, ..., n} 0yokilteng bo'ladi. Agar @ elementar hodisa uchun

n n

2o Yo
Plw@)=p~ g <, 0<p,g<l p+q=L
orgali hodisaning ehtimolini kiritsak u holda nta tajribalar bog’ligsiz tajribalar ketma-ketligi
uchun P(w) funksiya  ehtimolliklar ~ tagsimoti ~ hosil  bo’ladi.. = Demak,

a)l{a) =5i1,a)i2 =0 o @ =§ir, 1<i <i, <...<i. £n, r=1,2,...,n}

bog’ligsiz hodisalar sistemasi bo’ladi ([2]-[8]).

Biz quyida, Markov zanjirlari orgali bog’liq bo'ladigan bog’liglik tushunchasini kiritamiz.
Bunda o, ganday giymat gabul qilishi, @, ®,,...,,_, larga bog’liq bo’ Imasdan fagat o’zidan
oldingi o, ,ning giymatiga bog’liq bo ladi xolos a bu holat kiritilgan sxemani “zanjir” deb
atalashini izohlaydi. Quyida Markov zanjirlariga matematik tilda ta’rif beramiz va Markov
zanjirlari uchun Ergodik teorema keltiramiz [3-4].

Faraz gilaylik E = {O, 1,2,...,r —1} chekli to’plam berilgan bo’lsin. Bu to’plamni sanoqlita

ko’paytmasini Q=] JE,, E, = E orqali belgilaymiz.
k=0

Q= {a): @ =(w,, @, ..., a)n,...)}.

Bu fazoda koordinata funksiyasini quyidagicha kiritamiz: x (o) =w,, n=0,12,... .

Hosil gilingan funksiyalar orgali Q fazoda silindrik to’plamlarni quyidagi yo’l orqali kiritamiz.
Cem ={a): (X, (@), X1 (@), 0 X (@) €M }, M =E". Hosil bo’lgan silindrlar to’plami
yarim halga hosil gilganligi uchun bu yarim halqa ustida ehtimollik o’Ichovini kiritish mumkin
va uni bir giymatli minimal o —algebragacha davom ettirish mumkin [1]. Eng soda holati

Bernulli sxemasi bo’lib unda hodisalr bo’g’ligsiz bo’lishi kerak. Markov jaroyonlarida
bog’liglik mavjud bo’ladi. Hosil gilingan o’lchov quyidagi shartlarni qanoatlantirishi zarur:

Py (il' Iy ooy Iy ) = P{a’: X (@) =i, X%, (@) =1,,..., X (@) = ik} @
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P (i) 20

pk(il’iZ""1ik):Zpk+1(il1i2""’ik1i) (2)

> pi(i)=1

Va bu shartlarga qo’shimcha ravishda chapga siljish akslantirishiga nisbatan o’lchov saqlash
xossasiga ega bo’lsin.

P (i) = X Prs iy oey) ©

Yugoridagi (1)-(3) shartlarni ganoatlantiruvchi o’lchovlarga chapga siljish akslantirishiga
nisbatan invariant ehtimollik o’Ichovlari deb aytiladi [5].
Faraz qilaylik 17 =(p;)tartibi (rxr)—bo’lgan stoxastik matritsa bo’lsin. p=(p,)

ehtimolliklar vektori bo’lib quyidagi statsionarlik shartini ganoatlantirsin.

pIl = p.

Cim = { (X, (@), Xyt (@), Xy (@) ) €M } M =E" silindrik to’plamlar  uchun
o’lchovni quyidagi yo’l bilan aniglaymiz:

P{a’: X (@) =1, X, (@) =1,,..., X (@) = ik}: P, Pij, Pii, -+ Pi,_i, -

Q = (qg; ) tartibi (rxr)—bo’lgan matritsani quyidagicha aniqlaymiz:

j =lim= Zp‘k)

n—o n

Markov zanjlrlarl uchun Ergodiklik teoremasini keltiramiz ([6]-[7]).

Teorema(Ergodiklik teoremasi [1]). (Q,A, P) ehtimollik fazosi berilgan bo’Isin va P o’lchov
(1)-(3) shartlarni ganoatlantirsin. T :Q—Q akslantirish quyidagicha aniglangan,
(Tw), =a,,,. Quyidagi tasdiglar ekvivalent:

Q) T —ergodik;

(i) q; matritsa elementi i ga bog’liq emas;

(ilf)  Matritsa I7 qaytarilmas”;

(iv)  Ixtiyoriy i, j uchun g; > 0.
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