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3rACAIOYI EBOJIIOIII B BATATOBUMIPHUX ITPOCTOPAX

We stady fading random evolutions in multidimensional spaces. By reducing multidimensional cases to
the one-dimensional case, we calculate the limiting distributions of fading evolutions for some semi-
Markov media.

N3ydaroTcsa 3aTyxarolye cJlydaifHple SBOJIIOIHA B MHOTOMEPHBIX NMPOCTPAHCTBAX. BhlumcsieHsl rpa-
HUYHbIE Pacrpefie/IeHH s 3aTyXaIOIINX 3BOJIIOINI B HEKOTOPBIX MOJIYMapKOBCKHX Cpe/lax MyTeM CBefle-
HUsI MHOTOMEPHBIX CJIy4aeB K O/THOMEPHOMY.

Beryn. 3racaroua eBOJIIOISI ONMUCYE PYX YaCTHHKH, IIBUAKICTH SIKOI MEBHUM YUHOM
YIOBIJIHIOETHC S, HATIPUKJIA/, Tif /1i€l0 30BHILIHIX CUJI, O MOBHOI 3yNMHKU. B pob6o-
Tax [1 — 3] BuUB4asMCh 3racarodi MapKOBCHKi Ta HaliBMapKOBCHKi €BOJIIONII Ha TP SIMiii
a0, IHIIMMH CJI0BaMH, OJTHOBUMIPHI 3racaioyi eBoJIiollii y MapKOBCbMY Ta HamiBMap-
KOBCBKOMY CEpe/IOBUIIAX 13 CTENEHEBUM MO BiHOLUEHHIO [0 3HAaY€Hb KEPYIUYOro
MpoLeCy YMOBIJIbHEHHAM IBUAKOCTI. /151 OKpeMHUX BUMAJKiB, HAPUKJIA/ MOKA3HU-
KOBOI'0 y po6oTi [2] Ta epsiarHiBCbKOI0 1 piBHOMipHOr 0 y [1 — 3] BianoBigHo, Brajocs
3HalTH (PYHKIIT TPAaHUYHMUX PO3IO/IIJIIB Y BUTISZI 301KHUX PS/IiB.

Y 1ift cTaTTi AOC/TIAKYIOTHCS 3aracarodi eBOJIOLi, AKi OMUCYIOTh PyX YaCTUHKH
y 6araToBUMIpHHUX IpocTOopax. 3HAXO[KEHHS MPaHUYHHUX PO3MO/iJIiB BUINAAKOBHUX
€BOJTIONI# Yy 6araToBUMIpHUX MPOCTOPax y [AesKMX HAMiBMapKOBCHKHX CEPEJOBHILAX
MO2KHa 3BECTH [10 BXK€ 3HalJIEeHNX T'PAaHUYHUX PO3IO/Ii/IiB Y OAHOBUMIPHOMY BHIA/IKY.
30KkpeMa, BUBYAETHCS TPAHUYHUI PO3MOI/ 3aracaloynx eBOJIIONIN, /1 SKUX Tepe-
MHKaIOUHii Mpolec Mae yac nepedyBaHHsA, O po3no/isieHuit 3a Epsianrom um posmno-
nmijioM MakcseJia.

2. 3racawui eBosnouii B 6araTosuMipaux npocropax. Hexaii &(¢) = max {n:
n . .
T, <t}, t20, me 1, = zk:()ek i 0,20, k=0,1,2,..., — He3aJleXKHi OJJHAKO-

BO PO3MO/IiJIeH] BUMAJKOBI BEJIMYMHHU 3 PYHKIII€0 po3noainy G(f) 3i WiJIbHICTIO

d
g(t) = ZGO)'

PosryisitHeMo pyx 4acTHHKH, siIKa cTapTye 3 nodatky koopauHat (0, O, ..., 0) mpoc-

Topy R", n>1, y moment =0 ipyXaeTbca 3 MOYATKOBOK aGCOJIIOTHOIO IIBH/I-

L)

KICTIO V(g y HampsMKY BUIIaJIKOBOI'O OIMHUYHOI'O BEKTOpa T , MOYATOK SKOIO
sHaxogutbesa B (0, O,..., 0), a KiHenp Mae piBHOMipHUI PO3MO/iJl HA OOUHUYHIN

cepi x12 + x% + ...+ x,zl = 1. Y MoMeHT yacy T, aOCOJIIOTHA LIBHJKIiCTh Yac-

THUHKU € U1 Y HAIIPpSMKY BUMIAAKOBOT'O BEKTOPA TIT]A’), O/JHAKOBOI'O pOSHOﬂiJIeHOFO 3

ﬁglv)

[TostoKeHHsT YaCTUHKH )lc_—d’)(t) Y MOMEHT 4acy ¢ 3afa€ThCs POpMyJIoI0

i3mouatkoM B (0,0,...,0) iT. 1.

£
ey = D umq)’)ei + vg(,)%;) (t-E0). )

i=0
Hasi 6yaemMo npunmyckartH, o v; = ai, 0 <a< 1. 3riguo 3 [1 — 3], y ubomy Bu-
MagKy )I?—(J')(t) OyneMo Ha3WBaTH n-BUMIPHOIO 3racalouolo eBoJioriero. Hac 1ika-

BUTh 'PAHUYHUI PO3MO/iJI MOJIOXKEHHS YACTUHKHU xqi‘)(t) Ipu ¢ —> oo.
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1578 A. 0. IOrOPY i

ieh

IMo3Haunmo yepe3 (%él) TPaHULIIO PSIAY EZOa n; )9; mpH yMOBI, O m —> +oo.

L)

Hani 6ynemo posrJiaaaTi Taki 1;’, ©;, NpH AKUX psj 21':0 al%lﬂei 301ra€TbCs
3 IMOBIPHICTIO OJJUHHUILS, TOMY OY[IeMO MO3HAYaTH l(?('L‘) = 21—0 a'n; 1)9,-, Malo4yu Ha
yBa3i 110 3612KHICTb.

JIOM #oro nmpoekiii 6 Ha pikcopany npsmy B R" [4]. BUKOPHCTOBYIOUH L€, MOXKHA

XapakTepucTUuyHa (PyHKIisl BUMTAJKOBOI'O BEKTOpa BU3HAYAETHCS PO3MOLi-

YHUKHYTH aHatizy B R".
oBeneMo TBepAXKeHH:, siKe Oy/[ie BUKOPUCTAHO [Jisd 3HAXOJKEHHS PO3MOMiJly

TIPOEKIIii l(?é " Ha dikcoBany npsamy.

L)

Teepaxenna. Llisvnicms po3noiosy npoexyii 1; eexmopa m; , n 23, Ha

dosinvity ¢hikcosary npamy npocmopy R" mae euzand

(3]

e I e
fa@ = 1 e @
2
0, xe[-1, 1].

[oeedenns. Tlosnaummo depes S, miomy opuamdnoi cchepy Q" = {(x;,
X2y eeny Xp)t x12 + x% + ...+ x,% =1}, auepes V, o06’eMm ogunuunoi Kyni B" =
={(x, oy ooy X))t XP 4 X5 + ..+ x2 <1

IOna n =3 OygeMo o6uMc/IOBaTH S,, sAKYy IJIOLLY MOBEPXHI OOEpTaHHs MiB-
cpep Q"' = {(x;, xp, e X)) X2+ X3 + ...+ x>, =1, x>, 20} HaBKOJIO
rinepmtominan - X, = x, = 0. TIloznavaroun  f(xy, X2, ..., X,_2) =
= \/l—xl2 —x% —...—x,%_l = x,_; =20, Maemo

S, =
2 2 2
) ) 9
= 2 (X1, X0y eees Xp_n)4| 1+ —f + —f +...+ A dx;dx,...dx,_, =
8x1 8x2 E)xn_z
= on [ dxdv;...dv,. 3)
Bn72

Jlerko 6auuTH, 1110

2 2 2
f(x1, X2, 000y X022) ]+(a—f] +(a—f) +...+( af J =1, 4)

8x1 sz axn_z

n—-2
X1, x2,...,x,,_zeB .

Léh)

I3 (3), (4) BUNUIMBaE, 110 MPOEKIisA M pr-2 BEKTOpa M’ Ha B"% Mmae piBHOMipHU
PO3Mo/IiT Ha B2, HiticHo, axmo A;, A, C B"? , [0 TOTO K iXHI Mipu piBHI,

m(Ay) = m(A,), ne m(-) — mipaJlebera B R"_2, To i Twowti S(A;) =2nX
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3rACAIOYI EBOJTIOLIT B BATATOBUMIPHUX TPOCTOPAX 1579

X J.A_dxl dxy...dx,_», i=1,2, yvactut cpepn S, , 10 NPOEKTYIOTbCA HA Ay, A;
Bi/IMOBiAHO, € piBHUMU. Hanpukiian, sk Bimomo i3 [4], npu n = 3 mpoekIliss BEKTOp
1%55 ) Ha dikcoBaHy npsMy Ma€ piBHOMIPHHIA po3MOAis Ha Biapi3ky [—1, 1].

006’eM OAMHUYHOI KYJTi B"? 0Gunc/oeThC 32 dopmyJioro

T
‘ 3
Vn—2 = J Vn—3(1 — xz)dx - _ \&7 (1 _ x2)(n—3)/2 dx,
n—1
: =k
2
e V"—3( UEES ) — 06’em (n — 3)-BuMipHoi cdepu pagiyca VI1-— X2, 3Bijacu,

3rifino 3 npuHunom Kapasibepi, BUMJIMBAE, 110 UIJIBHICTH PO3MO/ALTY MPOEKIil 1);

BEKTOpa hf-l') , =3, Ha 1o NpsAMy Mae BUIJIAf (2).

Huzx4ve HaBeneHo npukJiaau, sIKi MOKa3yloTh sIK 3HaXOAKEHHS! TPAHUYHOTO PO3-
MO/IIJTy 3aracarouoi eBOJIIOIIi] y MEBHOMY HalliBMapKiBCbKOMY CEepe/IoBHIli y baraTo-
BUMipHOMY MTPOCTOPi MOXKHA 3BECTH [0 OOUUCJICHH S TPAHUYHOTO PO3MOALITY AJIS OfI-
HOBHUMIpHOI €BOJIIOL Y Bi/INMOBIAHOMY HaNiBMapKOBCHKOMY CEPEIOBHILII.

3. Hpuknagu. 3.1. Tpueumipnuii eunadok. PosrisHemo Bumagok n = 3. Sk

L¢b)

BUMJIMBAE i3 (2), A1 Beix =1 mpoekuia m; BekTopa 1);> Ha (iKCOBaHYy NpsAMY €
BUIIaIKOBOIO BEJIMUYMHOIO 3 PiBHOMIpPHUM Ha Bifpi3ky [-1, 1] posmogisiom. Otxe,

MpoeKlisi G BeKTopa (%é) Ha I[I0 MPsIMY Ma€ BUIJIAL © = Zi—o a'm;0;, ne umaj-

KOBa BeJIMUMHA M,;0; Mae posnopis

F(t) = PM6;<1) =

d 1
A060 s wisibHOCTL  f(2) = EF(t) npu t =20 orpumyemo f(t) = Jl Eﬁd ,
X
3BIJIKH
d 1
t—f(t) = ——g(), t=0. 5
7 JS(@) > (1) (5
Amnaroriuno, pu ¢ <0
d 1
t— f(t) = —g(-1). 6
7 f(@) 5 g(=1) (6)
Hexait Bunankosi Bemuunan 0, k =0, 1,2,..., MalOTh epJIaHTiBChKUI PO3MOMILIT

1
g = Ate ™™, A>0, 1>0. 3 (5), (6) BunmBae, mwo  f(t) = 5 Le M to6To muis

BCix >0 BUMAanKOBY BesiuuHy 1M;0; MoxKHa 300pasutu y Burssam N;0; = {; -},

ne &, C; — He3aJIe>KHi BUMA/IKOBI BEJIMYMHU 3 €KCITOHEHIIaIbHIM PO3IIOIiJIOM

F(x)=1- e_k’, t20,10= ZZO a"n,-e,- 3aMUCYETHCS Y BUTJIAAL
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oo oo

c = Zaici - ZajC'j,

i=0 j=0

oo

ne 21,70 a'l;, i =0 a’{/; — Hesayie)Hi OIHAKOBO PO3MO/II/ICHI BUMA/IKOBI Be-
JINYUH.
DyHKIis pO3NO/iIY BUMAAKOBOT BEJIMYUHH | = z Oa’g 3HAXOIUTLCS Y BH-
i=

o [2]

X X X
e iy —7\,7 _)\’73
Fi(x) = 1+ coe™ +cle “+ce @ +cze @ +..., x20.

3Bificu PYHKILiS PO3NOAITY G Ma€ BUTJIAL

Fy(x) = j Fy(x +u) dFy ().

—X
Axkmo 0, kK =0, 1, 2,..., MalOTh WIJBHICTh po3nofAisly MakcBesta g(f) =

- 2 .
= J2Imte! /2, TO i3 (5), (6) BUILJIMBAE, 1O BUMAAKOBA BeJMYMHa (; = M;0; Mae
L{JIBHICTh HOPMAJIbHOT'O PO3MOALITY

£t = ;6—12/2‘

\J2/T

OCKiJIbKM HOPMaJIbHMIA PO3MOAIJI € CTifiKUM, TO 3 ypaxyBaHHSM pe3yJibTaTiB [3]

LIJIBHICTB po3noainy Fs(f) BUIAJAKOBOI BEJIMUUHU © = 21’—0 a'l; € HOpPMAJILHOIO i

i1
1 _5( 2)
fot) = —¢ N7/,
V21— a?)
3.2. IP’smueumipnuii éunadok. 3riIHO 3 TBEPIKEHHIM WIIbHICTD fy. (X)

L¢k)

PO3MOALTY MPOEKWil T; BEeKTopa M,

Mae€ BUT'JIA

Ha iKCoBaHy MpsMy B R’ mae Buriss

3 (1-x%), xel[-11],
fn,-(x) =14
0, xe[-11].

OyHKIIis1 PO3MOAiTy BUNIA/IKOBOI BEJIMUMHNA M;0; 300paKyeThCs y BUTJIAAL

1
l+§j(;(i)(1—x2)dx, >0,
2 40 X
F(t) = P(6;<1) = |
éjG(—i)(l—xz)dx, 1 <0.
40 X

G(1)

[IpumycTumo, 1o iCHye miIbHICTh g(f) = , Tomi guist =0
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3rACAIOYI EBOJTIOLIT B BATATOBUMIPHUX TPOCTOPAX 1581

dF() 3 ()(l—x)
f0 = = —4£

AmnaJstorivno s t< 0

dF() _ 3 ( j(l—x)
f0 = — —4£g

Hexait Bunagkosi Bemuunau 0, k =0, 1,2,..., MalOTh ep/aHTiBCbKHII PO3MOALT

1 5 _ S .
g(t) = gt3e "', Topi WibHICTL po3noginy M;0; Mae BUTJIsAL

f0 = (1+| e
- LT o=l Ju g
3Bijcu BunsmMBae, mo  f(t) = 7. J. (1+]t])e e "ldu, to6To M0, = &; + &),
ne §&;, &: — He3aJIeKHI BUNAJKOBI BEJIMUMHHM, SIKi MalOTh IIiJILHICTE Jlamsaca

|
fe@) = —e
ST
[ 1boro BUMAAKY 3HAXO/AXKEHH PYHKILI po3noainy Fs(x) BUMaIKOBOI BeJU-
YUHU O = 2: 0 ainiei OMFCAHO Y TONIEPEeAHLOMY TTPUKJIALI.

3.3. [deosumipnuii eunadok. PosrisHeMO BUNAIOK, Koy n = 2. Jlerko 6ayu-
TH, 1110 [IJIs1 LIbOTO BUMAAKY popmyJia (2) TaKOXK CIpaBeJIuBa, TOOTO MPOEKIist TM;

BEKTOpa hfb) Ha iKCOBaHy MpsMY Ma€ IIiJIbHICTb PO3MOALTY
1
—,  |x|<
fo () = mNI=x7
0, |x| >1.
Tomy dynkuis posnoniny Fy(f) nosxuuu npoekuii |{;| = |n;|6; BekTOpa ﬁ,@e,
Ha PAMY

/2

1
t 2 2 t
F.(t) = '([G(;)ﬁdx = E -([ G(E)de, t2>0. @)

Bimomo [4], 10 K0/l iCHY€ HIIBHICTE  fi () = d—FJr (t), To dopmysia (7) ekBiBa-
t
JICHTHA HACTYIHI:

/2

t do
G(t 1 -1t —_—. 8
) = IﬁLmJﬁfe ®)
d 1, 0<Lr<],
MMinctaBnsroun 'y (8) fi (1) = — F . (t) = OTPUMYEMO
dt 0, r>1,
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/2
dao
G =1-1 [ —F= =1-+1-1".
arcsing S 0
3BificH BUTIJIMBAE, 110 SIKIIIO BUMA/IKOBI Besimunnau 0, k=0, 1,2, ..., MaioTh pyHK-
uito posnoainy G(t) =1 - 1-%, To moBXKHMHA npoeknii {; = M;0; BekTOpa

Lo

)9,» Ha MpsIMy Mae piBHOMIpHU# po3no/iij Ha Bipisky [—1, 1].
Y npomy Bunagky yHKmis posnoniny Fg(x) BHUMaAKOBOI BEJUYMHH C =

ZZO v;M;0; 3HaxomUTHCS y BULJIsAI [3]

[ *]

+oo Y +oo
Fs(x) = ZCne a4 mee_‘x‘“zm.
n=0 m=1
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