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E.A. IBAYEV

SEMIMARKOV DOLASMA PROSESININ ZOLAQDA QALMA MUDDOTININ
PAYLANMASININ LAPLAS CEVIRMOSI

Monfi axinli, miisbat sigrayish semimarkov dolasma prosesi tadqgiq olunmusdur. Prosesin verilmis zolaqda
qalma miiddatinin paylanmasimin zamana gora Laplas ¢evirmasinin askar sakli tapilmigdur.
Acar sozlor: semimarkov dolagma prosesi, Laplas ¢evirmasi, tosadiifi komiyyot

1. Girig. Semimarkov dolasma proseslorini tadgiq etmak {igiin faktorizasiya, asimptotik va s.
kimi bir sira metodlar vardir. Bu metodlarla bir sira alimlor mosgul olmusdur. Bels ki, [1]-do
zolaqda verilmis tosadiifi dolasma ti¢iin asimptotik naticolor alinmisdir. [2]-do gecikdiron vo oks
etdiron ekrana malik sigrayishi semimarkov dolagsma prosesinin erqodik paylanmasmin Laplas
cevirmosi tapilmisdir. [3] isindo markov zanciri ilo verilon iki sorhodds malik tosadiifi dolasmanin
asimptotik paylanmasi1 arasdirilmisdi. Yuxarida adlari ¢okilon iglordo baxilan proseslarin
xarakteristikalar1 liglin doqiq diisturlar alinmamisdir. Lakin semimarkov dolagsma proseslar sinfini
daraltmaqla onlarin xarakteristikalar1 ti¢lin doqiq diisturlar tapmaq miimkiindiir. Masalon, [4]-do
sifirda oksetdiron ekrana malik sigrayisli semimarkov dolasma prosesinin paylanmasinin Laplas
¢evirmasi t¢ilin diistur alinmigdir. [5]-do iso miisbat axinli, manfi sigrayisli semimarkov dolagma
prosesinin zolagda galma miiddstinin paylanmasinin Laplas ¢evirmasi tapilmisdir. Bu isa praktika
tictin shamiyyatlidir. Toqdim olunan isds [4] va [5]-dan forgli olaraq manfi axinli, miisbat sigrayish
semimarkov dolasma prosesins baxilir.

Isdo magsed baxilan prosesin [0;a] zolaginda qalma miiddotinin paylanmasinin Laplas
cevirmasini tapmaqdir.

2. Masalanin qoyulusu. Tutaq Ki, (Q, F,P(-)) ehtimal fozasinda asili olmayan, eyni ganunla
paylanmis, miisbot { &, (w), (i (W) }k=1 tosadiifii komiyyatlor ardicilligi verilmisdir.

Asagidaki semimarkov dolagma prosesino baxaq [6, s.11]:

k-1 k-1 k
Xto)=z=t+ ) G(), ogor ) G@)<t< ) &),
i=0 i=0 i=1

burada ¢,(w) = {,(w) = 0.

Mogsad X(t,w) prosesinin [0;a] zolaginda qalma miiddotinin paylanmasinin Laplas
cevirmasini tapmaqdir.

3. Hall iisulu. Asagidaki kimi isaraloma daxil edok:

R(t,a,0|z) = P{t > t|z},

R(6,a,0|2) = Je‘etR(t, a,0|z) dt.
t=0

Aydindir ki,
R(t,a,0|z) = P{OinftX(s) > 0; sup X(s) < a | X(0) = z}
<s<

0<s<t
Tam ehtimal diisturuna gors

R(t,a,0|z) = P{OinftX(s) >0; sup X(s) < a; & >t | X(0) = z} +
ss< 0<sst
+P{inf X(s) > 0; sup X(s) < a; El<t|X(0)=Z}.

O=s=<t 0ssst
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Onda
R(t,a,0|z) =P{z—t>0; & >t} +
t a
f fP{fleds; z—5s>0,z—-s+{ <a;z—s+{ €dy} X
{ inf X(u)>0; sup X(uw)<a]lX(0)= y}. (3.1)
Osust-s Osust-u
(3.1) tonliyini sadoalosdirib asagidaki inteqral tonliyi aliriq:
R(t,a,0|z) = P{z—t > 0} P{&{ >t} + (3.2)
t a
+ f f P{¢, €ds}P{z—s>0}dyP{z—s—{; <y}R(t—s; a; 0]Y),
s=0y=0

Ogoar (3.2) tonliyinin har iki torafins t-yo gora Laplas ¢cevirmasini totbiq etsok, onda alariq

Z

R(t,a,0|z) = f e 0tp{&, >t} dt +

+ f R(6,a,0]Y) j e 0tp{&, e dt} dyP{&, <y —z+t}, (3.3)
=0 t=0

Vo ya
zZ

R(t,a,0|2z) = J e 9tp{& >t} dt +

t=0
a

+ ] R(6,a,0]Y) J e 9tdP{&, < t}dy P{§, <y —z+t}
y=0 t=max(0;z—y)
Miiayyan ¢evirmalor aparmagla (3.3) tonliyini asagidaki sokilds yazmag olar:
Z

R(t,a,0|z) = f e 0tp{&, >t} dt +

t=0

j R(6,a,0]Y) J e 9td,P{& < t}dyP{& <y —z+t}+

t=0

+ f R(6,a,0]Y) f e 0td,P{¢, < t}dyP{é, <y —z+t}. (3.4)
y=0 t=z-y
Alinmis (3.4) inteqral tonliyini ardicil yaxinlagsma tisulu ilo hall etmok olar. Lakin alinan

naticalar tatbiq tigilin alverigli deyildir. Ona goéra do dolagsma sinfini daraldaraq hollin askar sokilini
alariq.

Ogor &; Vo ; tosadiifi komiyyatlori uygun olaraq u vo A parametrli eksponensial paylanmaya
malikdirso, yani

P <t}=[1-e¥]e(t), u>0,
P{y <t}=[1—-eM]e(®), 2>0,
burada
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0, t<O0,
e(t) = {1, t <0.
Onda (3.4) tanliyi asagidaki soklo diisor:
VA a (o]
R(t,a,0|2z) = .fe—(’”e)t dt + Aue?? f e ™ R(6,a,0|Y) f e~ (AFutOt gr dy +
t=0 y=z t=0

Z [o'e]
+Auet f e ™ R(0,a,0|Y) f e~ A+t gt gy,
y=0 t=z-y

Yuxarida tonliyin hor iki torafini e =*#-5 vurub z-o goro toromo alsaq;

/16_)‘2
—le * R(0,a,0|z) + e ** R'(6,a,0|z) = e~ Wtz _ 1] 4 o~@Atp+6)z _
—Aue~Aru+d)z f e~+0)Y B(0,a,0[Y).

¥=0

Sonra almmis tonliyin her iki torafini e A*#+Z_5 vurub ve z-0 gére diferensiallayag. Onda
asagidaki kimi diferensial tonlik alariq:

R"(6,a,01z) —(A—pu—6)R'(6,a,0|z) — A0R(6,a,0|z) = —A. (3.5)
(3.5) tonliyina uygun xarakteristik tonlik agagidaki kimi diferensial tonlik alariq:
K%(8,a,0) — (A — 1 — 0) K(6,a,0) — A0 = 0
xarakteristik tonliyin koklori iso
A—p—0+(A—pu—6)%+426 X A—pu—60—J(A—pu—6)2+416
a 2 PR 2 '
(3.5) tonliyinin timumi halli

R(6,a,0|2) = c, e1@®z ¢, k22 L R (9, 4a,0|2)

K

soklindoa olur.
Burada R, (8, a, 0|z) diferensial tonliyin xiisusi hallidir vo asagidaki kimi tapilir.
- 1(8) —Lela®z
— zZ

0 _/1 ekZ(e)Z
+eke(®)z f dz.
(kz 6) — k1(9)) elkitkz) z

Miioyyan sadslosdirmalor aparib iimumi holli asagidaki kimi yazmagq olar:

P 1
R(6,a,0|z) = ¢, ek1®)z 4 c, ek2®)z 4 —

: 3.6
: (3.6)
(3.5) tonliyina uygun sorhad sortlori asagidaki kimidir:
a
R(6,a,000) = —* f e~ (6, a,0Y)
Y A+u+6 . Y ’ (3.7)
y:
\ R'(6,a,0[0) = A B(6,a,0[0) + 1.
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(3.6)-n1 (3.7)-da nazars alsaq, asagidaki tonliklor sistemini alariq:
(

__ M 1 o[-k (60)]
1 A+u+6 1—K.(0) [1 - @I]} eao) +
N P 1 o [1-ks()] _ K i
N R wrarrnl oy Rl | KA vy 7] Bl £
A
[K1(0) — Ay (6) + [K,(6) — Alcz(0) = 9 +1.

Xarakteristik tonlik ti¢iin Viyet teoremini yazsaq

Ki+K,=4A—u—29,
K, K, =—20,
[ —Ki]-[A— K] = —Au
aliriq.
Onda yuxaridaki tonliklor sistemi asagidaki soklo diigor:

( (A+0+K (0))e P klac (8) + (A4 6 + K, (6))e~F2lac, (9) =

_ B i A+0
| =gl e
A+6
A = Kiles (8) + [2 = Kole (6) = ———. (3.8)
(3.8) tanliklor sisteminin halli
! Al 7 Az
¢'1(0) =7 ¢ ,(0) =7
olur.
Burada
A= [A - Kl (6)] e_[/l_kl]a [/1 - Kl] e_[/l_kz]a
A+0
% (1 — e—la) + T [/1 _ Kl] e—[l—kz]a
A= 1+6
u e
+
- KyleTBkale 2 (1- i) + 2
b= 1—k A+0
' 7

Onda (3.5) diferensial tonliyin timumi halli asagidaki kimi olar
] 1
R(6,a,0|z) = ¢'1(0) e¥1©) 2 4 (', () ek2O) 2 4 9

4. Natica. Monfi axinli, miisbot sigrayish semimarkov dolagsma prosesinin zolagda qalma
miiddatinin paylanmasinin Laplas ¢evirmasi {igiin agkar diistur tapilmigdir. Alinan natica resurslarin

sorti paylanmasinin tapilmasi ii¢iin ehtiyatlarin miioyyan zolaqda idara edilmasi masalalarinda
istifado oluna bilar.
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E.A. Ibayev
Laplace transformation of the distribution of the time of the semi-Markov random walk process within a band

The semi-Markov random processes with negative tendency, positive jumps and delaying boundary at zero in is
investigated in this paper. The Laplace transformation of the distribution of the time of the semi-Markov random pro-
cesses within a given band is found.

Keywords: process of semi-Markov random walk, Laplace transformation, random variables
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9.A. UbGaeB

IpeoGpasosanue Jlamiaca pacnpenesieHusi BpeMeHH NPeGbIBAHUS MPOIECcca MOJYMAPKOBCKOr0 OJIyKIaHUS
B MoJioce

Hccnedosan npoyecc norymMapko8ckozo Oayicoanus ¢ OmpuyamenbHblM CHOCOM, ROIONCUMETbHBIMU CKAUKAMU.
Haiioen asnulii 6u0 npeobdpaszosanus Jlaniaca no epemenu pacnpeoeneHusi OAUMETIbHOCMU 8pPeMeHU NpeObleaHUs.
npoyecca 8 OaHHOU nooce.

KuaroueBble ciioBa: npoliecce mojayMapKkoBCKOTro OnyXaaHus, mpeoOpazopanue Jlamnaca, ciydaiiHas BeJIHMYnHA
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