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MOIEJIIOBAHHSA CUCTEM 3 BUITAZIKOBOIO CTPYKTYPOIO
3A T1OITOMOT OO IHINKATOPHUX BUITA/IKOBUX ITPOLIECIB

Y yiti cmammi nasedeni nawi pesyromamu, nos s3amni 3 GUKOPUCMAHHAM [HBAPIAHMHOL 61ACMUBOCMI IHOUKA-
MOPHO20 BUNAOKOBO20 NPOYECY NIO HAC MOOETIOBANHS, WO MAE I3UUHY THMEPNpemayito UNAOKOBUX NPOYECIs.
Posenanymo memoo xoncmpykmueHoi noby0o8u, aneopummy MoOent08anHs CUcmem 3i 3MIHHOIO CIPYKIYPoro.
Iiokpecneno, wo pigHAHHA 3 BUNAOKOBUMU KOeiyieHmamu GUKOPUCTOBYIOMbCS NIO YAC MOOeT08aHHA OUHA-
MIUHUX cucmem, SIKI MOJACYMb a0anmysamucs 00 308HIUHIX 3MIH, Y MOMY YUCTL I UNAOKOBUX, 3 Memolo 30epe-
JHCEHHSL BANCTUBUX OIS ICHYBAHMS CUCTIEMU NOKA3HUKIG. LI 3Minu 6 cmpykmypi cucmemu Modjcymv 6ymu Hene-
pepsHumMu abo ouckpemuumu. AKuo 3MiHU 3068HIWHIX GNIUGIE BUNAOKOGI, MO Nepexio 3 00HO20 CMAHY 6 THWUL
MOJICHA HAMAZAMUCS MOOETIO8AMU, CRUPAIYUCH HA MEOPID CUCTHEM MACO8020 00CIY208Y8aHHA. Ane 0 onucy
OUHAMIKU peanizayiil yux cmauie HeoOXIOHI cmoxacmuyuni pieHAHHA. Ak poboue nowsamms 6800UMbCs GU3HA-
YeHHs! «IHOUKAMOPHUL SUNRAOKOBULL npoyecy. THOUKamopHuM 6UNaOKOB8UM NPOYECOM HA36AHA CMPUOKONOOIOHA
BUNAOKOBA BETUYUNA, KA MOJICE NPUILMAMU HA PO30IIEHUX MIJIC cOO0I0 THMEPBANAX Yacy MilbKu 08d 3HAYEHHS:
0 abo 1. lloxazano, wo iHOUKAMOPHUL UNAOKOBULL NPOYEC € He3MIHHUM (IH8APIaHMHUM) Y pazi 36e0eHHs 00
008ibHO20 000AMHO20 CIMYReHs. SIK npuKiao 3acmocy8ants IHOUKAmMoOpPHO20 8UNAOKOBO20 Npoyecy 3HAllOeHa
Xapaxmepucmuuna QyHKYis 018 NPoYecy, wo NPULMae obMedcene YUcI0 HeCYMICHUX 3HAUEHD.

Cropucmaguucy noOaHHAM THOUKAMOPHO20 BUNAOKOB020 npoyecy Kk yuxyii 6io0 npoyecy I[lyaccoua,
no6y008ani ma 00CAi0NHCE I PIBHAHHS 0151 OUHAMIMHUX NPOYECI8 Y Ceped08UUl I3 61ACTMIUBOCMAMU, WO CMPUD-
KONOOIOHO 3MIHIOIOMbCA. 3 YPAXYBaAHHAM 000AMKOBUX 308HIUHIX 30YPeHb NPUKIAOU MAKUX PIBHAHb NOOYOO-
8AHI 3 BUKOPUCMAHHAM DIiBHAHb Imo.

s Oemoncmpayii'i 6inbi NOBHO20 QOCTIONCEHHS MONCIUBOCIEU AN2OPUMMY NOGHICIIO QOCTIONCEHT OUHAMIYHI
Mooeri 01 npoyecy Ou@ysii 6 cepedosuwyi 3 YeHmpamu MUMYACOB0L 3amMpPUMKLUL, npoyecie Oughysii'y pasi nepexodis
CcmpubKoM 3 00H020 NIONPOCMOopy 8 MUl i Hazao. [{ia yux mooenel no0y008aHi PiGHAHHS 0 XAPAKMEPUCTHUYHUX
hynryitl. 3naiioeno moymi po3e s13Ku Yux piHsIHb Ma BKA3AHO HA B3AEMO38 30K MIJC YUMU PO38 SI3KAMU.

AK npukaao 3acmocy8anis Memooy iHOUKamopHux QYHKYIl noOy008ana Xapakmepucmuyha QyHKyis o
mooeni Kaya. Iloxazano, wo y pasi 3aneicHocmi iHOUKAmopHo20 8Unaokoeo2o npoyecy 6io npoyecy Ilyac-
COHA PIGHAHHS O XapaKkmepucmuuroi yukyii eionogioae meneepaguomy pisnannio. Leii pezynomam 30iea-
embcs 3 pesynibmamonm y pobomi Kaya.

Knruosi cnosa: xapaxmepucmuyuna Qynxyis, unadxkosutl npoyec, 8Unaoko8a cmpykmypa, pieHanns Imo,
npoyec Ilyaccona.

IlocTtanoBka mpooOgemu. PiBHSHHS 31 3MiHHOIO
CTPYKTYPOIO BHUKOPUCTOBYIOTBCS IiJI 4ac MOZEIIIO-
BaHHA AMHAMIYHHX CHUCTEM, L0 MOXYThH aJanTyBa-
THUCBH J0 30BHIILIHIX 3MiH, Y TOMY YHCIIi i BUTaJKOBHX,
3 MeTO 30epeKeHHS >KUTTEBO BU3HAYAJIBHUX JUIS
ICHYBaHHS CHCTEMH MOKa3HHMKIB [1].

i 3MiHH y CTPYKTypi CHUCTEMH MOXYTh OyTH
HETEePEPBHUMH, IUCKPETHUMHU Ta 3MILIAHOTO THILY.
SIk1o 3MiHM 30BHIIIHIX BIUIMBIB JTUCKPETHO-BHITA]-
KOBi, TO OJJHMM 31 IUISXiB MOJCIIOBAHHS TIEPEXO/IiB
3 OIHOTO CTaHy CHCTEMH B iHIIWIA € BHKOPHCTaHHS
METOIIIB TEOpii CHCTEM MAacOBOTO OOCITYTOBYBaHHSI.
Ane s ommcy MWHAMIKK peani3alliii WX cTaHiB
MOTPiIOHO BUKOPHCTOBYBATH CTOXaCTHYHI PiBHSHHS.

V Wit cTarTi MU PO3MISTHEMO METOJ, KOHCTPYKTHB-
HOi MoOynoBH (ITOPUTMY) MOAETEH TaKUX CHCTEM
Ta MPOJEMOHCTPYEMO HOTO MOKITMBOCTI Ha MOZETISIX,
0 MarOTh (PI3WUHY IHTEPIIPETAIIITO.

Buksax 0ocCHOBHOTO MaTepiany X0CTixKeHb.

Hamani mig gac moOynoBW piBHSHb HaM 3HAIO-
OnsAThCS JIesKi poOOoUi MOHSTTSA Ta JAOMOMIXKHI TBEp-
JOKEHHS.

Inouxamopuum eunadrxosum npoyecom (IBII)
Ha3BEMO CTPHUOKOITIONIOHIH BUTIAIKOBHIA ITporiec ¥ (1) ,
KU MOXe TpUAMaTh JIMIIe JiBa 3HAYCHHS:
1 a6o 0.

Hexait p(x(#)=1)=p(¢). 3 o3naueHHs y(¢)
BUIUIMBAE, 10

Ve, v (@) =x@), Ya >0, (N

p((@) =1) = M[y )],

o )
px () =0)=1-M[y(1)]

Jlema 1. (1-¢(?)" =(1-x(¢)) s Oymb-sKoro
JIOATHOTO 71 .
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/Jlosedenns. Bpaxysasmm (1), mepeKoHyeMOCH,
10

(I-x@)" =0 —i(—l)' ') =

-0 (1) C =1 (1)

Jlema 2. Hexait y (1), j=1,n—1 naGip nesanex-

Hux nporneciB. Toxi Habip nporeciB

L OIS A=, (),
L OIS A=, (0),
Z :Xk(t)’ Z, = ./:1(1_X‘,~(t))aVkal

YTBOPIOE TMIOBHY TPYIy HECYMiCHHX IPOLECIB.

Jloseoennn. Crimparounch Ha Jlemyl, 3Haxonumo
2,2 =X O =2, O, OTT L, A= ,(0) =
=[O =7, )OI, . (L=7,(1)) =0

taicsic 7, (D171, () =7, ()~ 12 () = 0,V <.

n—1
z, +22k +z, =%, +
k=2

YOI A=, )+ T (1) =1

Ilpuknaou 3acmocysanns IBII

SIk mepumi mpuKan 3actocysanus y, ;(f) moly-
JLyEMO XapaKkTepPUCTHIHY ¢ynkuiro (X. <I) )J(¢) nns
mpouecy ()= v, (1), 1e

yi(0)=%,(0)g (1),
Y@ =6, OIS A=y ())g, (1),
Y, (O =TI5 (1= ())g, 0,
k= 2,n-1

KOBI IIPOIIECH.
3 ypaxyBaHHSM YBEJCHHUX IPEICTaBICHb

y()= X1(t)g1(t) +
Y O (= ()g, () +
+H_/:1 (1- X ()g, ().

UYepe3 HecyMmicHicTh mpoueciB z, (Jlema 2)
y IOBUTbHHI MOMeHT 4Yacy )(¢) Oyme HaOyBaTH
TUIBKH OJ{HE 3 MOJKJIMBHX 3Ha4YCHb (7).

-» &, (¢) Hesanexui Bix y (¢) Bunan-
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Teopema 1. X.®. nporiecy y(¢) taka:

J(1) = p,()M[** ]+
+nz_lM[eing(’)]pk(t)Hk - p;(O]+

+M[e™ T - p, (1)

oeedenns.

J(t) = M[exp{iBy()}]=
= M[exp{iB(y,()g, () +
O A=y, (0)g, () +

TS A=-7,0)g, @)} ]=
= M[exp{iBy()} x

[T exp B, (OIS A, (1))g, (1)} x

xexp i1 - x;(0)g,()}]

Po3kiiageMo KoxxHY 3 €KCIIOHEHT y psill. Bpaxyemo
HecyMiCHicTb nporecis z, (Jlema 2), Bractusicts (1)
Ta He3ajexHicte g, (¢), x,(t), Vk,l. Ilicns B3aTTs
MaTeMaTHYHOTO CIOIBaHHS 3 YypaxyBaHHiIM (2)
JOXOIMMO 10 TBepkeHHs Teopemu 1.

CKOpHCTaBIIMCh BIACTUBOCTSIMH ¥ (¢), MOXEMO
noOy/IyBaTy piBHAHHS 151 AUHAMIYHUX TIPOLIECIB y cepe-
JIOBHIII 31 CTPHOKOIOMIOHOIO 3MIHOIO BIIACTHBOCTEH.

[IpuknagoM MOXXyTh OyTH Taki piBHIHHS ITO:

dx(t) =y, (a, (x();)dt + 1y, () B, (x(2);1)dw(t) +
(1=, (D)ay (x(2); )t + (1= 7, (1)) B, (x(2); 1)dw(7)

ne w(t) —BUNIEpEIKAIOYUI CTOCOBHO MTOTOYHOTO
Yyacy ¢ TpUpICT BiHEpiBChKOTO mpouecy w(t) € R”,
a;(x;t), xeR" ;B,(x(1);t) marpuui po3MipHOCTI
nxm, j=12.

3a momomororo y(¢) MOXKIMBO MOJEIOBATH 1 pyX
13 mepexoiaMy 3 OJJHOTO HiAPOCTOPY B 1HILIHUI:

O 0l (00 7000+ B, (50 70 ()]
LT ...
DD 1 s 0 OV + By 0 03 0)(0)

SIxmo

B, (x(2); y(2);1) =0,
a,(x(t); y()t) = —a,(x(1);

y(t)t)=—c, c=const>0,

To mpouec x(¢)+ y(¢) Bimnoigae moxeni Kana:
PYX YacTHHKH 3 BHIIQJKOBOIO 3MIHOIO HAaIlpSIMKy
mBUIKOCTI ¢ [3].
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Hexait y(¢), x(0)=1 — dyHKIis Big HiTOYHCENTD-
HOT BUIIAIKOBOI BETUYHHH N (7) :

x(@) = (N(@)

SIkmo

X(N(@) = (N (@) +2k) , 3)

KoM k€ mpocropy uinMx uyucel, To ¥(Z)
Ha3BEMO YMOBHO NEPIOOUUHUM.
Ymosaum (1), (3) 3a10BONBHSE (PYHKITIS:

x (@) = (N (@) =%(1 +Cos[N(H)n]).

bawrmvo, o st mapanx N (¢) %(1 +cos[N(¢)r])=1.

Jlns vemapuaux N(7) : %(1 + cos[ NV (¢)r])=0.

Hanani 6ynemo mpairoBatu came 3 Takumu ¥ (¢) .

Akmo N(f) — cramioHapHUH — IyaCCOHIB-
CBKHI TIpollec 3 TapaMeTpoM IHTEHCHBHOCTI A,
T0 M[%(N(?))]=0,5(1+exp{-2At}).

Augpyzia 3 yenmpamu mumuacoeoi eunadkoeoi
3ampumKu.

Po3rnsiHeMo npuKiIag CUCTEMH 31 3MiHHOIO CTPYK-
TYpOIO, KOJIM 3MiHU CTaHy CHCTEMH IIiJIIOPSIKOBaHI
PIBHSHHIO

dy(t) = a(t)dt + %(1 + cos[ N(1)r])[bdw(D)] ;

y(0)=0. 4

ToOTo mMeBHMIT Yac cucTeMa 3MIHIOETHCS 3a IeTep-
MIHOBaHMM 3aKOHOM, a ITOTIM Ha BHIIAJIKOBOMY IIPO-
MDKKY yacy Ha Hei AiF0Th BUIAaJKOBi 30ypeHHS.

BukonaeMo 3aMiHy 3MiHHHX:

t

Y= [ adr=x().

0

Tenep piBHsiHHSI (4) HAOyBa€ BUITISLY:

() = L (1+ cos N (£)x]) [baw(1)] .

5 )

Lle piBHsHHS, sike omucye Mudy3i0 3 HEeHTpaMHU
THMYacoOBOi BHUIAIKOBOI 3aTpuMKku [2]. BimnmosinHo,
XapaKTepUCTUYHA (PYHKILIS JJIS I[HOTO TPOIIECY

Ji(@)=M[f()]=

oo i ©)
= M[exp{—i2 j(1+cos[N(r)n])bdw(r)}].

upyzin 3 6unaoxoeoro smMiHow HANPAMKY PYX).
Mooenv Kauya.

PosrnsaeMo omHOBUMIpHUH pyX, KOJIH BigOyBa-
€THCS 3MiHA HAIPSMKY

MIepEeMIIlIeHHs] Y BUIIIKOBI MOMEHTH 4acy [3]:

dx” (t) =y (t)vdt
dx (1) =—(1—, (t))ver

OCKUIbKM HAc IIKaBUTh CyMapHE MepeMillleHHS
[x"(#)+x ()] = x(¢) , TO IPUXOAMMO IO PIBHAHHS:

dx(t) = (2x(f) - 1)vdt . (7)

. 1
VY sikocri () Bubepemo y(¢) = 5(1 + cos[N(#)m]).
Tomi xapakrepucTudHa QYHKIIS IS TpoOIECy
x(¢) HaOyBa€ BUIIISY:

1(t) = M[exp {iBj cos(N(t)m)cdr }]

Teopema 2. X.¢. mnst mpouecy x(¢) , miamopsaKo-
BaHoro (7), 3a ymoBH, mo N (¢) cTaiioHapHUl mmyac-
COHIBCBKHI IpOIIEC 3 MapaMeTpoOM A, € PO3B’SI3KOM
PIBHSHHS:

d'1 D 2, 9D | g1y =0,
dt dt )
1(0)=1, m:icB
Joseoenns.
anm _
di
9)

= M[iBcos(N(t)m)cexp {iBj cos(N(t)m)edr }]

CKOpHCTABIIUCh TPAaBUJIOM JU(EPEHLIIOBAHHS
¢bynkuii f(y), komu y = N(f)— cranioHapHHiA myac-
COHIBCBKHI MTPOIIEC:

df(N@O)=[f(N@O+D = f(N@)IAN(@), (10)

ne dN(t) BUIEpeDKAIOUNN MPUPICT, TOOTO, STKAH
HE 3aJIe)KUTh BiJl TIoNepenHix 3HadeHb N(¢). Uepes

BiacTUBOCTI po3noxiny [lyaccona 3 mapameTpom A,

MIAN(#)]=Adt, L>0.
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Ta (9) 3HAXOAMMO:

S _
dt

=—c’B*M[cos® (N(f)m)exp {iBjcos(N(r)n)cdr Hdt +
+iBcM[(cos({N(t)+1}m) —cos(N(1)m)) x

Xexp {iBj cos(N(t)m)edt }udt =
= —c’B* M[exp {iﬁj cos(N(t)m)cdt }]dt +
—iBc2AM[cos(N(¢)T))exp {iBj cos(N(t)m)cdr }]dt =

di(t
=—c"B*I(t)dt - 2xﬁdt.
d
3ayeasicenna. 3actocyBaBiIn 0OEpHEHE MEPETBO-
pennst @yp’e go (8), mpuxomuMo 10 TenerpapHoro
PIBHSHHS JUIS BH3HAYCHHS UIUILHOCTI PO3MOALITY
p(x;0):

2 . . 2
0 ‘;(tf”) L2 ap(a’;”) ¢ %p(x;t) —0,

IO CHiBHaaae 3 pe3yasraTamu 3 podoru [3].
Monenb audy3il 3 BHIAIKOBUMH TEPEXOIaMH

3 OJJHOTO MiIPOCTOPY B iHIINIH. J|BOBUMipHHII BUIIA/IOK.
Po3rissHeMo Taky moneib qudysii:

{dx(l) = y()bdw(t)
dy(t) = (1= ()bdw(t)

ToOTO y BUTIaIKOBI MOMEHTH Yacy Mporiec Biioy-
BaeThCs abo y mpocropi x(7) abo y(¢).

Sk BUMaKOBUH 1HAMKATOPHUIA MPOLIEC BUOEpEMO

x(t)=2"(1+cosN(¢)). Tomi xapakTepucThuHa
(GYHKIS IS 1I€T CHCTEMU Ma€ BUIIISLI

J(t)= MJexp {iocj.2’1 (1+cos N(1))bdw(t)} +
+iBj 27'(1—cos N(t))bdw(t)}]

N(t) cranionapHuii
napaMeTpoM A, TO

Teopema 3. ko
MyacCOHIBCBKUI Tpolec 3
J(¢) € po3B’sI3KOM PIBHSIHHS:

dzJ(t) 4 2 2.2, AJ (1)
pw +27 (AN +[a” +P° D )—dt +

27 (o + 02 PP + AP M £(£)] = 0.

(11)
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Jlosedennn. 3 ypaxyBaHHSM HE3AIEKHOCTI IPO-
neciB N(t) Tta w(T), CKOPHCTaBIIUCH (HOPMYIIOIO
Ito, 3HAx0AUMO:

J(t) = M[exp {ij 27 [(ou+B) + (c = B)cos(N (1) Jbdw(t)} =
=M [eXp{—j 27[(ou+B) + (o= B)cos(N (D' b*d ) =
= M{exp {—j 27[(o+B)* +2(c” =) cos(N (1) + (o~ B)* Ip’d 1} =
= Mexp {—azjﬁ (1+cos N(t))b*dt} —
B j 27 (1-cos N(0)b*d T} =M f (1)]
Jami:

dsz(t) MO g B0+
dt dt

+M[f(6){a* 27 (1+cos(N(1)b* +B* 27 (1-cos(N(1))b*}]

(12)

Cxkopucrasmmuch (10) Ta (12), orpumyemo:

d’J(t)
dar
+M[ () {a' 27 (1+cos N(1))*b* +p* 27 (1—cos N(1))*b"}] =
=AM f(H){a® 27 (1+cos N(£)b* +B*27 (1 - (cos N())b*}] -
— 27"\ (0 +PHDEI(F) +
M () {a* 2231 +cos(N(0)b* +B* 27 (1—cos(N(1))b*}].
Hami:
dZJ(t)__ aJ(@) s, o 2472

T 20 " 27" +PHBI() +

+MIf()1a’ 27 (1+cos(N(0)b* +B*27 (1-cos(N(t))b*}]

ML f(t) 0> 272257 cos N(1) — B> 272b* cos(N ()} ]\ +

(13)
[Iponosxumo neperBopeHHs (13).
d*J(r)

dr’
= —2x% —27'"Ma’ +BHDMIf(1)]+

+o b227 M £ (1) {a’ 272 (1+cos(N(1))b* +
+B2272 (1= cos(N(1))b*}] -
—o® B2 M[ f()27 (1—cos(N(1))b*] +
+M[B* 27 (1—cos(N(£))b*}].

BapianrT a):
2
d a‘; O_ 20105227 )—d‘; 5’) 20 + BRI (1) —

(14)

—o BPHP 27 M £ (6)272 (1 - cos(N ()b +
+M[ (B2 (1= cos(N(2)b*}].
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BapianT B):
dzJ(t)__ 2724-1 d](t)_ -1 2 2372 _
S =@ PR ) T S o2 + B0
—o? B2 27 MLS(£)2 (1 + cos(N(£))b* ] + (15)
+M[f()a' 27 (1+cos(N(1))b*}]
Cxmagemo piBastHHEA (14) 1 (15):
@ _ 2 prp2n-y ()
2 i (Ar+[a” +B716°27) "
(16)

—(ho? ol PPH27 + MBI (1) —
M f(t){a* 27 (1+cos(N(£))b* +B* 27 (1 - cos(N(1))b*}].

Piasausa (13) BigaimMemo Binm piBHAHHA (16).
Otpumaemo:

d>J (1)

dr’

am .
dt
27 o +al BPH27 + ARY)B ML L (£)] = 0.

+27' @+ [ +B*1DY)

(17)

BpaxoByrodi BBeIeHI MO3HAYCHHS, TIPUXOIUMO IO
tBepmxeHHs (11) Teopemu 2.

€ MOXJIMBICTB 3HAITH 0Apa3y Po3B’SI30K PiBHAHHS
(11). Horo noGyoa 6yse rpomisxoro. Mu Bifmyka-
€MO PO3B’SI30K JUIS OUIBII MPOCTOT MOAENI, a MOTIM
BKa)XEMO, K IIEPEHUTH 10 SIBHOTO BUIVISILY PO3B’SI3KY
piBastHHES (11).

XapakTtepucTruHa (QYHKIS 111 Mozeni audys3ii
3 HEHTPaMH 3aTPUMKH

[MoepHemoch 110 piBHsHHS (5). XapakTepucTHUHA
dynkuis J,(f) nns nporecy x(7) € R' taka (6):

Ji()=M[f(0)]=

= M[exp {—iﬁ%j‘(l +cos[N(1)r])baw(t)}]

PiBHsIHHSA 114 Bu3HaueHHsA J,(f) MOBUHHO CIHiB-
nazaary 3 (11), sxmo noknactu y Hpomy o =0 . dop-
MaJIbHO 1€ BIAMOBIA€ TaKUM 3aMiHaM KoeilieHTiB

y (11):

27N (4h+[a? +BPIPY) = 27 (4h +B7D7), (18)
27 (o’ +a’ B2+ AR = 27 AR%h .

Bynemo mrykatu po3B’sSi30K OUTBII MPOCTOTO 3a
BUIVIAIOM piBHAHHA (5), IO BiAmoBimae Momeni
nmudy3ii 3 HeHTpaMu 3aTPUMKH:

dz 1 212 d 1 2712
—rh O+ ZEH ), () + 1B, (0=0 (19)

OCKITBKH
l(sz2 +40)° - 4&[32192 =
4 2
= % B*b* +2B°H° N+ 407 —2B°H7A =,
= %B“b4 +407 >0,VA>0.

To po3B’sizok ([4, c. 375, ¢-ma 235(a)]) Oyme
TaKUM:

J,()=C, exp{—t%(ﬁzb2 +40) +1, /%B“b“ +4)° } +
+C, exp{—t%(ﬁzb2 +40) -, /%B“b“ +40° }

OCKIJIbKHA
%(sz2 +420)° > %B%4 +407,

TO TIEPIII i JPYTi JOJAHKH 3MEHIITYOThCA 31 3poc-
TaHHSM  , 1 TOMY

limJ,(£)=0.
1—>0
BpaxoByroun 1mogaTkoBi YMOBH
d

1
EJI(Z) |r=0:_EB2b2’ ‘]] (Z) |t=0:17

OTpUMAEMO piBHfIHHfI JJI1 BU3HAQYCHHSA CTAJIUX:

C+C, =1

%szz = Cl[%(sz2 +40) +, /i[ﬁb“ +407 ]+ |
+C2[%(B2b2 L) - /i[}“b“ + 402 ,
%szz —(1- Cz)[%(ﬁzbz a0+ /%B“b“ L
+C, [%(sz2 +40) —, /%B%4 +407T;
2A=C, /%B“b“ +407

Po3p’s13aBmm I}0 CUCTEMY piBHSIHB, BCTaHOBJIFOEMO!

1 1 03
C, =20/ |—B*p* + 42> :[—xz 4b“+1} ,
) \/413 6 B

1 -0,5
C =1-| =17 4b4+1j .
1-(5er
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Bueni sanucku THY imeni B.1. Bepnancbkoro. Cepisi: TexHiuHi Hayku

TakuM 4nHOM, PO3B’SI30K HAOyBa€ BUIVILY: CkopHCTaBIINCH OOEPHEHUMH 3aMiHaMu KoegiLi-
€HTIB Ha OCHOBI cmiBBizHOMmEHHS (17), oTpuMaemo
1 1 ; >
Jl(t):exp{—t([?)zbz AN+t |~Bb + A }+ 1 po3B’sa30k (11).
2 4 Terep, BpaxoByrOUM BIIACTHBICTH — 3B’SI30K MK

X [ 1 N ljo,s o {t 1 8 + 43—t \/m } _ XapaKTepHCTIHIM (byHKLIAMU Ta MOMEHTAMH, MOXKEMO
16 2 4 3HAMTH JOBUIbHI MOMEHTH [UTS PO3IVISIHYTHX IPOLIECIB.
| ; BucnoBku. Sk 6aurMo, METO IHIUKATOPHUX TPO-
—exp {—f E(szz +40) +1 ‘,ZBW +4)7 }] LECIB i3 BUKOPUCTAHHSM METOIY XapaKTePHCTUYHUX
(GyHKLIH ae 3MOTy pO3DISHYTH SIK BioMi Mozeni
paHiIire, Tak i HOBI, III0 MalOTh (Qi3UYHY TPAKTOBKY.

Ockinbku ]
BingzHaunmo, 1110 SIKIIO 3aJaHa TOBHA TPyTIa HeCy-
| 0,5 MICHHMX MpOIECiB, TO BCTAHOBIIOETHCS, IO € HaOIp
+(—7(2B4b4 +lj <1, HE3aJIeKHUX BUIAJIKOBUX I1HIUKAaTOPHHX (YHKLIH,
1 Ha OCHOBI SIKUX MOXXHa MOOYAyBaTu MOBHY TpPYILY,
10 J()>0, V>0 3 pO3MOALIOM sIKOi OyJie CriBHazaTH PO3MOALT 3aja-

HOI TPYTIH HECYMICHUX TIOMIiH.
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Doobko V.A. SIMULATION OF SYSTEMS WITH A RANDOM STRUCTURE USING
INDICATORS OF RANDOM PROCESSES

This article presents our results related to the use of the invariance property of an indicator stochastic
process when modeling stochastic processes that have a physical interpretation. A method of constructive
construction, an algorithm for modeling systems with a changing structure is considered. It is emphasized that
equations with random coefficients are used in modeling dynamic systems that can adapt to external changes,
including random ones, in order to preserve indicators important for the existence of a system. These changes
in the structure of the system can be continuous or discrete. If changes in external influences are random, then
the transition from one state to another, you can try to simulate, relying on the theory of queuing systems. But
to describe the dynamics of realizations of these states, stochastic equations are needed. As a working concept,
a definition is introduced: indicator random process. An indicator random process is a jump-like random
variable that can take only two values at intervals of time separated from each other: 0 or 1.

1t is shown that the indicator random process is unchanged (invariant) when raised to an arbitrary positive
power. As an example of the application of an indicator random process, a characteristic function is found for
a process that takes a finite set of incompatible values.

Using the representation of an indicator random process as a function of a Poisson process, equations for
dynamic processes in a medium with abruptly changing properties are constructed and investigated. Taking into
account additional external disturbances, examples of such equations are constructed using the It6 equations.

For a demonstration and a more complete study of the capabilities of the algorithm, dynamic models for the
diffusion process in a medium with centers of time delay, diffusion processes during jump transitions from one
subspace to another and back are fully investigated. For these models, equations for the characteristic functions are
constructed. Exact solutions of these equations are found and the relationship between these solutions is established.

As an example of the application of the method of indicator functions, the characteristic function for the
Katz model is constructed. It is shown that when the indicator random process depends on the Poisson process,
the equation for the characteristic function corresponds to the telegraph equation. This result coincides with
the result in Katz'’s work.

Key words: characteristic function, random process, random structure, Ito’s equation, Poisson process.
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