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BBeaenue

MHorue okpy>Karomiye Hac sSIBICHUS U 3aKOHOMEPHOCTH (MPUPOHBIC, TEXHUYECKUE, IKOHO-
MUYECKHE M T.II.) HMMEIOT CIy4YalHBIM XapakTep, YTO IMO3BOJISIET OMMCHIBATh WX CIyYaHBIMU
mpoiieccamMu. MareMaTH4ecKkrne MOENH, 33JaHHbIe B paMKaxX 3TOTO IMOAXO/Aa, MPUMEHSIOTCS B
COITMOJIOTUYECKHUX U IEMOTpaprueCcKuX UCCIAEAOBAHUSX, I UMUTALIUA IKOHOMHUYECKOW KOHKY-
PEHITNH U IEHO00pa30BaHuUs, TIPU OMTMCAHUU JISHCTBHSI JICKAPCTBEHHBIX TIPETIApaTOB U PACIPOCTpa-
HEHMS SMUAEMUI, TPU aHAJIM3€ ITPOLIECCOB B CIOKHBIX TEXHUYECKUX cucTteMax [1,2,3,4,5,6,7,8].
OTH SBIEHUS IOCTATOYHO YacTO TPEOYETCS pacCMaTPHUBATh B Pa3IMUHBIX MacIITabax U MO3TOMY
W3MEHCHHS BEJIMYWH, OIMMCHIBAIONINX COCTOSHHE TPOIecca, MOXKHO pasleinuTh Ha audQy3uoH-
Hble (Majble CIydallHble M3MEHEHUS) M CKauyKoOOpa3HbIe (M3MEHEHHUsS, CBSI3aHHBIE C Pa3phIBOM
TpaekTopum Tporecca). TakuM oOpa3om, pa3auvHbIC SBICHHUS U MPOIECCH MOXKHO OIHUCATH C
MTOMOIIBIO0 CTOXaCTHUECKUX AU depeHITnaTbHBIX YpaBHEHUH ¢ T HY3NOHHON M CKAYKOOOpa3HOU
KOMITOHEHTaMH.

B pabote mpemioskeHa MoJIeb CTOXaCTUYECKON CHUCTEMbI YIIPABJICHHS, B KOTOPOH MOMEHTHI
MTOSIBJICHHSI Pa3pPhIBOB (CKAYKOB) TPACKTOPUN 00pa3yIOT THIIEPIPIIAHTOBCKUH TIOTOK COOBITHH U Te-
HEPHUPYETCs JIBa THITA CKAYKOB, MMCIOIIUX PA3JIMYHbIC 3aKOHBI PACTIPEICIICHHUS BEITUIMHBI CKauKa
U pacrpeneseHuss HHTEPBAJIOB BPEMEHH MEXKIy CKaukamu. Vcronb30BaHHE TUMIEPIPIAHTOBCKOTO
3aKOHA pacHupeeieHus (CMECH 3PIaHTOBCKHUX 3aKOHOB [9]), MO3BOJISET pacIIMPUTh CIIEKTP pelia-
eMBIX MPUKIATHBIX 3a1a4d. Llems paboThl COCTOUT B pa3paboTKe CHEKTPATBLHOTO METO/Ia aHaIH3a
TaKMX CHCTEM, OCHOBAaHHOTO Ha PasNioXeHHH (DYHKIMI B PSABI IO OPTOHOPMHPOBAHHOMY Oa-
sucy [10,11,12,13,14,15]. DTOT MeTOx ABISIETCS Pa3BUTUEM MTOAXO/1A, IPUMEHSEMOTO AJis Ooee

MPOCTBIX CTOXacTUYeCKuX cucreM [16,17,8,18].
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1. IlocTanoBKa 3aga4uM

Bbynewm npenmnonarare, 4To OBEAEHNUE MOJENIN CUCTEMBI YIIPABJICHUS MOXKHO ONMCATh CIIydai-
HBIM ITPOIIECCOM B HEMPEPHIBHOM BPEMEHH, SIBIISIOMIMMCS aTUTUBHOM cMeChio T (HY3MOHHOTO U
CIIEIIATIBHOTO CKaYKOOOPa3HOTO MPOLIECCOB U YIOBIETBOPSIOLIMM CTOXaCTHUECKOMY TuddepeH-

1uanbHoMy ypaBHeHuto Mto [19]:

dX(t) = f(t, X(t)) dt +o(t, X (t)) dW(t) +dQ(t), X (to) = Xo, (1)
B KotopoM X € R"™ — Bekrop cocrosnus; t € T, T' = [to,tl] — 3aJlaHHBIA OTPE30K BPEMEHU
(YHKITMOHUPOBAHUS CHCTEMBI; f (t,x): T x R — R"™ — Bekrop-pyHKIHS pa3MepoB n X 1;

o(t,z): T x R" — R™*® — marpuunas GpyHKius pasmepoB n X s; W (t) — s-MepHBbIil cTanmapT-
HBII BUHEPOBCKUI MPOLIECC, KOTOPBI HE 3aBUCUT OT HAYAJILHOTO COCTOSIHUSA X (), ONPEAEIAEMOTO
3a/IaHHOM TIOTHOCTBHIO BEPOSTHOCTH (g ().

Cryvaiinblii mporiecc (Q(t) mpeacTaBiseTcs B BUIC

Yi(7), i (mod N)= Ny;
(1:), i (mod N) = 0;
0, i (mod N) # Nyui (mod N) # 0.

S

P(t)
Qt) = ZY(@', ), Y(i,n) =

rne P(t) — myacCOHOBCKHI MPOIECC MHTEHCHBHOCTH A\, aCCOIMMPOBAHHBII CO CIydallHbIM MO-
TOKOM coObITHH [1,20], cocTOAmMMX B TOM, YTO BEKTOP COCTOSIHMSI X NOJy4aeT MpHpalleHus

Yi(7:) € R" mmn Ys(7;) € R™ B ciry4aiiHble MOMEHTBI BpEMEHH M3 MHOXKeCTBA {71, Ta, . . . }:
X(1r)=X(r;, —0)+Y(i,7), ¢(modN)= N;umi(modN)=0.

Pacrnipenenenue uHTEpBaioB BpeMeHu AT; = 7; — 71, 1 = 1,2, ... (19 = ty), onpeaensercs
HOKa3aTeIbHbIM 3aKOHOM ¢ mapameTpoM A [3,21]. Cuyuaiinbrii Bektop Y;(7;) Xapakrepusyercs
IUIOTHOCTBIO BEPOSTHOCTH 1(t,y), a CIydaiHbIid BEKTOp Y3(T;) — IUIOTHOCTBIO BEPOSTHOCTH
o(t,y); t = 7. Hpupamenust Y1 (7;) u Yo (7;) uepeayrorcst Mex iy cOOOM.

3a/laHHOE TIOJIOKHUTEIFHOE YHCIIO A\, a TAKXKe HaTypasbHbIe unucia Ny u N onpefensioT runep-
APIIAHTOBCKHUI 3aKOH pacIpeiesieHUs IPOMEKYTKOB BPEMEHH MEX Iy MOCIIeI0BATEIbHBIMU Pa3phl-
BaMH TpaeKTopuu nporecca X (). DTo pacnpeeneHie MOKHO OIUCATh C TIOMOIIBIO YePeIOBAHHS
APJIAHTOBCKUX 3aKOHOB PACTIPEICIICHUA, UMEIONIUX OJUHAKOBYIO MHTCHCUBHOCTh A\ U Pa3IUYHbIC
nopsinku Ny u No = N — N; cooTBeTCTBEHHO [21].

Jlanee paccMOTpUM JIpyroe OMHCAHUE CXEMBbI MOSBICHHS COOBITUH (Pa3pbIBOB B TPACKTOPHSIX
BEKTOpa COCTOSIHMS). JIJIs1 3TOr0 pacCMOTPUM CIy4aiiHbIii poriecc K () ¢ KOHEYHBIM MHOKECTBOM
cocrostamii {1,2,..., N}, KOTOpbIle CMEHSIFOTCSI IOCIEI0BATENIbHO, HAYMHAs C |, B COOTBETCTBUH
¢ KOJIbIEBbIM Tpadom coctosiHuit. ['pad coctosiHuii ciydaiinoro npouecca K (t) npeacraBieH Ha
puc. 1. Ilpu mepexoae u3 coctosiHus ¢ HOMEpoM V1 B cocTosiHue ¢ HomepoM N; + 1 Bektop X
HOJTydaeT CllydailHoe mpHpaiieHne Y] ¢ IIOTHOCThIO ¥ (t,y), a MpH mepexone U3 COCTOSHHUS C

HoMepoM N B COCTOsIHHE C HOMEpoM | — ciydaiiHoe mpupamieHue Ys ¢ TWIOTHOCTBIO Us(t, y),
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Puc. 2. Beibopounsie Tpaekropun mporecco K (t) u X (t)

4TO COOTBETCTBYET Pa3pbIBy Tpackropuu mpouecca X (t). IIpumepsl BHIOOPOUHBIX TPACKTOPHIA
nporeccoB K (t) u X (t) mokasansl Ha puc. 2.

Ecnu npearnonokuTe, 9To pactpeeeHne BEIUIUHBI Y] XapaKTepH3yeTcs INIOTHOCTBIO BEPO-
sTHOCTH Y1 (t,y) = 0(y), tae d(y) — nmenbTa-QyHKIUs, TO HHTEPBAIIBI BDEMEHH MEXIY MOCIIeI0-
BaTE/IbHBIMH Pa3pbIBAMHU TPAEKTOPHH mporecca X (¢) GyayT UMeTh IpIaHIOBCKOE PacIpeieeHUe
¢ mapameTrpamu A u N. DTOT ciayyail usnoxes B padore [18].

3aMeTHM, 4TO IIOCTAHOBKA 3a/1a9X MOXET ObITh H3MEHEHA C MPEATION0KEHHEM, YTO HHTCHCHB-
HOCTB \ 3aBHCHT OT BpeMeHH, T.e. A = A(t), A(t): T" — [0, +o00). anee Oyxem paccMarpuBarh
MMEHHO TaKOW BapHaHT.

Taxum 00pa3zoM, paccMaTpUBaEeTCsl CTOXaCTUYECKAs CHCTEMA C PACIIMPEHHBIM BEKTOPOM COCTO-
STHUSI, HETPEPBIBHAS YacTh KoToporo — X, a quckpernas — K € {1,2,..., N}. Toraa mioTHOCTh

BeposTHOCTH ¢ (t, ) BekTopa X MOXeT OBITh MPEICTaBICHA B BUIEC CyMMBI:

olta) = 3 Wit a),

k=1
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e dyrkmun ) (¢, 1) yroBaeTBopsIOT crcTeMe 0600IIeHHEIX ypaBHeHuit Pokkepa — InaHka —

Konmoroposa [1,2,22]:

% = AW (t,z) — AtV (t, 2) + A(2) /wQ(t, z — 2)p M (¢, 2) dz, ()
i
W = Ap™ (¢ 1) = A1) ™MV (L, 2) + A(t) /wl(t,x —2)eWM(t,2)dz, (3)
i
W:_A@(k)(t,x)—)\(t)go(k)(t,x)—i—/\(t)gp(k_l)(t,x), k=2,...,N,N;+2,....N, (4
B KOTOpPOU
A (1,2) = = 3 1,21t )] +

— g (k) _
T QZZaxia$j [gw(t,a:)gp (tvx) , k=1,2,....N, (5

gi(t,x) = on(t,x)ou(tz), i,j=1,2,. . n

Jlist cmyyaitaoro nporiecca K (t) HauanmbHOE cocTosiHue (ukcupoBano: K (tg) = 1, mostomy ¢

Y4eTOM 3aJJaHHOI1 ITIOTHOCTH BEPOSTHOCTH (o) HAYAIIBHOTO COCTOSIHUS X () UMeeM
oD (to, 7) = olx), oW (to,7) =0, k=2, N 6)

ITocnennue cnaraeMble B MPaBbIX 4acTsIX ypaBHEHUH (3) U (2) MOKHO IIPEJCTaBUTh B OIEpa-

TopHoit popme H1o N (t, ) n Haw™)(t, 2) cootBeTCTBEHHO, ONpeaenuB

Hip ™) (t,2) = A(t) /@/ﬁ(t, z = 2)p™ (¢, 2) dz,
R?’L

(7)
Hoo™ (£ ) = A(#) / nltx — 2™t 2) dz,
J

UL BCEX 0IyCTUMbIX QyHKIuiA (¢, ); Hy 1 Ho — ITMHEHHbIE OnepaTophbl, a UMEHHO KOMITO3UIIUH
omneparopa yMHOKeHHs1 Ha (QyHKu0 A(f) u omeparopoB ®pearonabpma ¢ sapamu (L, x — z) u
o(t, x — 2).

3ajaya aHanMM3a CTOXACTHYECKOW CHCTEMBI YIpaBIeHUs, ONMUChIBaeMoi ypaBHeHueM (1), 3a-
KJTFOYACTCs B HAXOXKACHHUHU IUIOTHOCTH BEPOSITHOCTH ((t, ) BEKTOpa cOCTOSTHUS X .

Jlanee mpeanonaraeTcsi, 9to npu 3aganueix GyHkuusx f(t, x), o(t, z), A(t), ¥1(t, y), e (t,y)
U @o(z) cyliecTByeT eauHcTBeHHOE penreHne 3ana4 (1) u (2)—(6). Yenosust Ha dyukuun f(t, ),
o(t,x), A(t), HauanpHOe cocTosiHUE X U OmpeeseHne 0000IEHHOTO PEIICHHs CHCTEMbI YpaBHe-

Huit (2)—(6) nansl, Hanpumep, B [22].
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2. HpnMeHeHne CHeKTpaHLHOﬁ (l)OprI MAaTEeMaTH4Y€CKOro onmucCaHnus

CaezieM 3a/1a4y aHaU3a K MOUCKY KO (DHIHEHTOB Pa3snoKeHHs ©;y;,. i, QyHKUMH (¢, ) M0
OPTOHOPMHPOBAaHHBIM (QYHKIHMSIM B mpoctpancTBe Lo(T x R™). OGO3HAYMM MOJHYIO CHCTEMY

OPTOHOPMUPOBAHHBIX GyHKUMI {e(ig, i1, ..., in, L, x)}oo

i0ui1 1 rin=0 npcearnoiarasa, 410 OHU IpPEa-
k) yeeybn—

CTaBJISIIOTCS B BUJIE IPOU3BEIECHUS
e(l0, 01, -y in, t, ) = qio, t) P(it, - -« in, @), G0y 01, vy iy =0,1,2,.. .,

npuaem Gyuxunn {q(io, ) };O:o u{p(is,... i, m)}zo . _, OOPa3yIOT TMOTHEIE OPTOHOPMHPOBAH-
HbIE CHCTeMBI B mpocTpancTBax Lo(71) u Lo (R™) cooTBeTCTBEHHO.
[IpumenuMm cnekrpanbHOe npeodpaszoBanue [13, 14] k cucreme ypaBHeHu# (2)—(4) ¢ yaeTom

ycnoBuii (6), Toraa

P(n+1,n+1)0D(n+1,0) —¢(1,0;t0) ® Py(n,0) = A(n+1,n+1)® (n+1,0) —
—An+1,n+ 10V (n+1,0) + Hy(n+ 1,n+1) - @™ (n +1,0), (8)

Pn+1,n+1)0™M(n+1,0)=An+1,n+1)dM*(n 4 1,0) —
—A(n+1,n+1) M (0 4+ 1,0)+ Hi(n+1,n+ 1) d™M(n4+1,0), (9)

Pn+1,n+1)®®(n+1,0) =
=An+1,n+1)d®(n+1,0)—A(n+1,n+1)d®(n41,0) +
+An+1,n+1)0*V(n4+1,0), k=2,...,N;,N;+2,...,N. (10)

B stux cootnomenusx P(n + 1,n + 1) — crnekrpanbHasi XapakTepUCTHKa oneparopa audde-
PEHIUPOBAHHMS 110 BPEMEHH C y4ETOM 3Ha4eHUs QYHKIMU B HAYAIbHBIA MOMeHT; A(n + 1,n + 1),
Hi(n+1,n+1)u Hy(n+ 1,n 4+ 1) — cnekrpaibHble XapaKTepUCTUKH oriepatopos A, Hi u Ho,
onpezeneHHbIxX BeipakeHusmu (5), (7); A(n + 1,n + 1) — cnekrpanbHas XapaKTepUCTHKA OIepa-
Topa ymMHONeHUs Ha dyHkmuio A(t); @) (n 4 1,0) — crekTpaibHble XapaKTepUCTUKH (yHKIHit
©®(t,x), k=1,2,...,N. Bce mepeunclieHHbIEe XapaKTEPUCTHUKH OMPEIETEHb OTHOCHTENHHO

cUCTEeMbI (DYHKIIUH {e(io, Wy neyin, t,x) }Oo Hanee, q(1,0; ty) — marpura-cronoder 3Ha-

10,81,y =0"
(v V) o . o0
yeHnit GyHKuumit Gasuckoit cucremsi {¢(io, t) }io:O B TouKe to; Po(n, 0) — crekrpanbHas xapakre-
PHUCTHKA IJIOTHOCTH BEPOSITHOCTH (0 () HAYAIBHOTO COCTOSIHUS X 9, OTIPE/IeICHHAS OTHOCHUTEIILHO
byHKIMI {p(zl, ey, ‘T)}h,...,in:O'
CnekrpanpHas xapakrepuctuka ®(n + 1,0) miotHocTH BepositHOCTH ¢(t, ), Ha3bIBaeMas

o0

Takxke 0000IEeHHOH XapakTeprcTuieckoi pyHkimeii [11, 13, 14], Bepaxaercs cieayonmm oopa-
3oM (P(n + 1,0) — MHOrOMepHasi THIEePCTOI00BasE MaTpuIla, 00pa3oBaHHAS HCKOMBIMHU KO3(-

bunMeHTaMU PA3IOKEHUS ;4,0 )

N
®(n+1,0)=> @®(n+1,0). (11)

k=1
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B ocnoBe coorHomienuii (8)—(10) nexar onpenencnus, GpopMa mpeacTaBICHUS U CBOWCTBA
CHEKTPAJLHBIX XapaKTEPUCTUK (DYHKIUI M JIMHEHHBIX OMEpaTropoB, MOAPOOHO H3IIOKEHHBIC B
[10, 13, 14, 15]. OmnpenencHue CrEKTPAIbHON XapaKTEPUCTUKH, aHanoruauoi Hi(n + 1,n+ 1)
u Hy(n+ 1,n+ 1), nano B [18]. B paborax [8, 13,14, 17, 18] npuBeeHO NpeACTaBICHHUE CIIEK-
TpanbHOH XapaktepucTuku A(n + 1,1 + 1) ¢ HOMOIIBIO CIEKTPAIBHBIX XaPaKTEPUCTHK OTIEpaTo-
poB nuddepeHINPOBAHNS U YMHOXKECHHS.

Cucrema ypaBHenuit (8)—(10) mpeacraBmsieT co0oi cuCTeMy JMHEHHBIX MaTPUYHBIX ypaB-
HEHMI OTHOCHMTENBHO HEM3BECTHBIX CMEKTpanbHbIX Xxapaktepuctuk ®*)(n + 1,0), umm cu-
CTeMy JIMHEWHBIX HEOJJHOPOIHBIX aNreOpandecKuX ypaBHEHUH OTHOCUTEIFHO 3JIEMEHTOB MaTPHII
®®)(n + 1,0), T.e. kodbdurmentos pasnoxenus Gyaxmmit 0 (¢, r) mo pyHKIMAM 6a3uCHOH cH-
CTEMBI {e(io, Uy in, T, x)}oo

00,1 3 yin =0

[lepeiinem k pemenuto 3toit cuctemsl. M3 ypaBHenus (9) cinenyer, 4to

(Pln+1,n+1)—An+Ln+1)+A(n+1,n+1) oM (n+1,0) =
= Hi(n+1,n+1)- ™) (n 4 1,0),

T.C.

dM(n+1,0)=H'(n+1,n+1) (P(n+1,n+1)— A(n+1,n+1) +
+A(n+1,n+1))eM ) (n 4 1,0),

WJIM KPaTKo

®M(n+1,0) = W(n+1,n+1) 8™ (n 4 1,0) =
—H'n+1n+D)An+1Ln+1)Wn+1,n+1)d™M*H(n 11,0),

rae

Wn+1ln+1)=H'(n+1,n+1)(P(n+1,n+1)—An+1n+1)+A(n+1,n+1)),
Wn+1ln+1)=A"(n+1,n+1)(Pn+1,n+1)—A(n+1,n+1)+A(n+1,n+1)).

N3 ypaBuenus (10) cnemyert, uto

(Pn+1,n+1)—An+1Ln+1)+A(n+1,n+1))W(n+1,0) =
=An+1,n+1)0* YV (n4+1,0), k=2,...,N,N, +2,...,N.

T.C.

F V(41,00 =A"n+1Ln+1)(Pn+1,n+1)—A(n+1,n+1)+
+An+1Ln+1) ¥ (n+1,0), k=2,...,N,Ni+2,...,N,
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WA KPaTKO
®(k’1)(n+1,0) :W(n+1,n+1)®(k)(n+1,0), k=2,...,N,N,+2, ...,N.
Taxum o6pazom,

dV(n+1,0) =W n+1,n+1) 0% (n+1,0),
W (n+1,0)=WNF n+1n+ 1) Whn+1,n+1) x
x WML 41 n+1)dM(n+1,0), k=1,...,Ny;
dV(n+1,0) =W n+Ln+ DW(n+1,n+1) x
x WEN=L(n 41, n4+ 1) (n +1,0),
PP (n4+1,0) =WV *n+1,n+1)dMn+1,0, k=N +1,...,N

B YAaCTHOCTH,
V(41,0 =WV n+1,n+ D) Wh+1,n+ D)W (n+1,n+1)d™M(n+1,0). (12)
[Tepenummem ypaBuenue (8) ¢ yuerom (12):
(An+1L,n+1)WN(n+1,n+ I)W(n +1Ln+ D)W 4 1n+1) -
— Hy(n+ 1,n+1)) 2™ (n + 1,0) = ¢(1,0; ty) ® Po(n,0),
CIICIOBATEIBHO,
M (n+1,0)= (An+Ln+ 1) WNm+1L,n+ ) Wn+1Ln+1)x
x Wt n+1n+1)— Hy(n+1,n+ 1)) (q(l, 0;ty) ® Pg(n, O))

C yuerom paBeHCTBa

Wh+ln+)=H ' n+1n+DHAn+1Ln+ 1) Wn+1,n+1) (13)
uMeeM

M (n+1,0)= (A(n+1,n+ 1) WM (n+1,n+1) Hy (n—|—1n+1)
x An+1,n+1)W™n+1,n+1)— Hy(n+1n+1))" (q(l,();to)®¢)0(n,0)). (14)

Jlanee BbIpa3uM CrieKTpasibHy0 xapakrepuctuky ¢ (n + 1,0), npuaumas Bo Buumanue (11):

N
®(n+1,0) Z(I)k)n+10 > o®(n+1,0)=

k=N1+1

N1
= [ZWNl_k(n+ Ln+)Wh+1,n+ D)W nt+1,n+1)+
k=1

+ZWN2 (n+1,n+1)|d™(n+1,0).
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B [18] Obu10 MMOKa3aHO, YTO

N
ZWN_k(n+1,n+1) =

k=1
= (BE(n+1,n4+1)=W¥n+1,n+ D)) (E(m+1Ln+1)—Wn+1n+1)"", (15

II03TOMY
O(n+1,0) = [(E(n+1,n+1)—WNl(n+1,n+1)) X
x (En+1,n+1) =W+ 1Ln+ 1)) " Wh+1l,n+ )W nt1n+1)+
+(E(n+1,n+1)—WNQ(n—l—l,n—kl))(E(n+1,n+1)—W(n—i—l,n—l—l))_l}(1>(N)(n—|—1,0).

Torna, yuutsiBast cootHomienus (13) u (14), momyyaem pelieHre paccMaTpyuBaeMoi 3a1a4u B

CHeKTpaHBHOﬁ (bopMe MaATEMATHUYICCKOI'O OITMCAaHUA:
P(n+1,0)= [(E(n+1,n+1)—WNl(n+1,n+1))(E(n+1,n+1)—W(n+1,n+1))‘1><
x Hi'(n+1L,n+1)An+1,n+ 1) W2 (n+1,n+1)+
+(En+1,n+1) =W n+1n+ 1)) (Em+1,n+1)—W(n+1,n+ 1))‘1] X
X [A(n+1,n+l)WNl(n+1,n—1—1)H1_1(n—|—1,n+1)A(n+1,n+1) X
x WY (n+1,n+1)— Hy(n+ 1,n+ 1)} _1(q(1,0;t0) ® Po(n,0)).

Sameuanue. Ecou IIpH NepexoJic U3 COCTOAHUA C HOMCPOM N1 B COCTOAHHEC C HOMCPOM

N1 + 1 npupaienne Y; Bektopa cocrostaus X Oyzmer Bceraa HyneBbiM, T0 Hi(n + 1,n + 1) =

—~

=An+1,n+1),W(n+1,n+1)=W(n+1n+ 1) u peuieHne paccMarpuBaeMoi 3a/1a4u B

CHCKTpaHBHOﬁ (bopMe MaTEeMaTU4YCCKOI'0 OIMMCaHUA IMTPUMET BUI
B(n+1,0) = [(E(n+1,n+1) — WM+ 1 n 4 1)) x
x (E(n+1n4+1)=Wh+1Ln+1)" Whh+1,n+1)+
+(E+1n+1) =W n+1n+ 1)) (Em+1,n+1)—W(n+1,n+ 1))‘1] X
x [A(n+1,n+ 1) WM (n 41 n+1) — Hy(n+1,n+ 1)]_1(q(1,0;t0) ® ®o(n,0)).
Hanee, BBunay (15) u toro, utro Ny + Ny = N,

(E(n+1,n+1) =W (n41,n4+1)) (E(n+1,04+1) =W (n+1,n+1)) " W™ (n+1,n+1)+
F(Em+1,n+1) = W¥m+1Ln+1))(E(n+1,n+1)—Wh+1Ln+1) " =
N1 N2
= ZWNI_k(n+1,n+ 1)-WNQ(n+1,n+1)+ZWN2_k(n+ In+1) =
k=1 k1
N1+N> N

Ny
= WV i n )+ Y WV b+ 1) =Y W F(n+1,n+1).
k=1

k=N1+1 k=1
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O6osznauast Hy(n+ 1,n+1) = H(n + 1,n + 1), nonydaem

O(n+1,0)=(E(n+1,n+1) =W (n+1,n+1)) (E(n+1,n+1) =W (n+1,n+1)) " x
x [A(n+1,n+1) - W¥n+1,n+1)—Hn+1n+1)]" ( (1,0;t0) ® Po(n,0)),

YTO COBMAJACT C PEHICHUEM 3a]auu aHaJIN3a, PaCCMOTPEHHOM B padote [18].
JIist HaXOXKJIEHUs PeIeHUs 3a7]aud aHalli3a B MPOCTPAHCTBE (YHKIIMI BPEMEHHM M BEKTOpa

COCTOSTHHSI TpeOyeTCsl MPUMEHUTH hopMyiry obpamenus [ 13, 14]:

ZZ Z(plou e(iOaily--wimt,l‘), (t,l’) e T x R"™

i0=011=0 in=0

OOBIYHO MPHOIIKEHHO OMPEENAeTCss KOHEYHOE YUCI0 KOIPPUIUEHTOB 0,4, i, » IOCKOIBKY
3aJ1a4a HaXOXKACHUS BceX K03 (PHUIIMEHTOB pa3ioKeHHsI He SBISICTCS TPUBHAIBHON. B 3TOM Ccitydae

O0eckoHeuHbie MaTpHIbI B (8)—(11) 3aMEHSAIOTCS KOHCYHBIMA MaTPHUIIAMHU:

Lo—1L;— Lp—1
g § E Spioil...in €(i0,i1,. ce 7in7t7$)7
10=0 71=0 i =0
1€ HAaTypaJbHBIC YHCJIa Lo, Ll, ey Ln — BI)I6paHHI)Ie MOPAAKHU YCCUCHUS CIICKTPAJIbHBIX XapaK-

TCPUCTHUK, BJIUAIOINIUC HA TOYHOCTH PCHICHHA.

3akJioueHue

B pabote paccMOTpeHO MpUMEHEHHE CHEKTPaTbHOW (HOPMBI MAaTeMaTHUECKOTO OMUCAHUS K
3aJaye BEPOSITHOCTHOIO aHAJIM3a CTOXaCTUUECKUX CUCTEM, KOTOPBIE XapaKTEpPU3YIOTCs HaJIUuueM
Pa3pbIBOB (CKAUYKOB) TPACKTOPHH, 00pa3yIOIINX TUIIEPIPIAHTOBCKHII OTOK cOOBITUH. [lomyuensr
COOTHOIIIECHMS JIJIsl HAXOKJIEHUS IUIOTHOCTH BEPOSTHOCTH BEKTOPA COCTOSIHMS B CHEKTPaJbHOU
dbopmMe MaTeMaTHueCKOro OMUCAHMs CHCTEM yIpaBieHus. VCrmonb30BaHUE TUIIEPIPIAHTOBCKUX
MIOTOKOB JIa€T BO3MOXKHOCTH YUHMTBIBATh 00JIee CIOKHBIN XapaKTep MOBEACHUS TPACKTOPUI BEK-
TOpa COCTOSIHMSI, @ IPUMEHEHUE CHEeKTpaabHOU (POpPMbI MareMaTHYECKOTO OMHCAHMSI MO3BOJISIET
CBECTHU CUCTEMY MHTErpo-Iu(hepeHIInaIbHbIX YPaBHEHUH K CCTEME JTIMHEHHBIX areOpaniecKux
YpaBHEHUH OTHOCHUTEIHHO KOA(D(UIIMEHTOB PA3IOKEHUS HUCKOMOM IMIOTHOCTH BEPOSTHOCTU TIO
HEKOTOPOI OPTOHOPMUPOBAHHOI cucTeMe (yHKITHA.

PaccMoTpeHHBIN MOAXOA yNpoLIAeT MpoLece PEIIeHHs 3a/laul aHalln3a, Aeias ero yao0HbIM
JUTSL IPUMEHEHUS COBPEMEHHBIX BBICOKOIIPOU3BOAUTEIBHBIX BHIYMCIUTENBHBIX CUCTEM.

PaGota BeimonaeHa npu punancoBoi nogaepkke PODOU (mpoekt Ne 12-08-00892-a).
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This article considers stochastic control systems with impulses that are generated by hyper-
Erlangian flows of events and lead to discontinuities of system trajectories. The authors solve the
problem of finding a probability density function for the system state. The solution is based on
usage of the spectral form of mathematical description. The purpose of this paper is to develop a
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orthonormal functions. This approach simplifies the process of solving analysis problems, making
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