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CroxacTuyeckas AUCKpeTHaAa AuMHaMun4yeckKkasa mogesnb JIMKBUOAHOCTU OaHka

YHUBYI0 pabOTy peann30BaHHOTO aJrOpuTMa (PHIBTPAIIH.

MHYECKas MOJielb, Cily4aiiHoCTh, puibTp Kanmana

HOTO anroputMy Qinbrparii.

MO/IeITb, BUIIAJIKOBiCTh, (hinbTp Kanimana

BBenenue. /151 ycrnenrHoro ynpaBieHUs AETO-
3UTHOHN JIEATEIHHOCTHI0 OAHKA BAKHO MOHHMATH,
KaK cJelyeT U3MEHSTh MPOorpaMMy MPHUBICUEHUS
JIETIO3UTOB, €CITM BPEMEHHAs CTPYKTypa JIErO3H-
TOB BHE3aITHO M3MeHWnIach. Paboter [1-3, 6] mo-
CBSIIICHBl AHATUTHYECKUM pacueTraM IMporpamm
MPUBJICYECHUS B YCIOBUSIX, KOTJIa BpEMEHHAs! CTPYK-
Typa JENO3UTOB OIKCHIBAETCA HEMPEPHIBHBIMU
byukuusimu. B pabote [4] mpeanoxkena MeTO1070-
TUsl pacyeTa MpOorpaMMbl MPHUBJICYCHUS JCTIO3UTOB
NP YCIIOBUH, YTO BPEMEHHAsI CTPYKTypa JICTO3UTOB
€CTh JIUCKPETHOM, UTO cenaio ee 6oee OIM3KO0M K
3aJa4aM, BO3HUKAIOIIUM B TPAKTHKE KaXI0ro OaH-
ka. OHaKo peanbHbIE MPOILIECCHl MPHUBIICYCHUS JIe-
MO3UTOB BO3MYILAIOTCA CIYyYalHBIMU MPOIECCAMHU.
[TosTomMy mepen GaHKOM CTOMT 3aava ONpeIeUTh
NpOrpaMMbl MPHUBJICUEHUSI JIETIO3UTOB B YCIOBHSIX
CTOXACTUYHOCTH.

Llenb craThu — pa3paboTaTh AITOPUTM OLIEHKH
MpOrpamMMbl MPUBJICYEHUS JCTIO3UTOB B YCIOBUAX
CTOXaCTHYHOCTH.

Pa3paboTka mogesn

B paGote [4] npenmnonaranock, 4YTo pacmpese-
JIeHHE CPOKOB BO3BpaTa JACMO3UTOB MOAUYMUHSACTCS
JUCKPETHOMY PacCIpeIeIICHHIO DpJIaHTa, a JCHEXK-
HBIE CpECTBA Ha KOpcueTa OaHKa MPUHUMAIOT 3a-
JTAHHOE 1IEJIEBOE TTOCTOSTHHOE 3HadeHue A(f)=const.
3anuinemM [eTepPMHUHUPOBAHHYIO MOJEIbh JTUKBHII-
HOCTH, MPEACTABICHHYIO B 3TOH paboTe B TaKOM

BHUJIE:
i—1

G ()=G (i)+ .G (k)-G,(i-k-1), (1)

k=0
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Pa3paboTaH anroput™ OLEHKH MPOTrpaMMbl IPUBIIEUEHUS AEMO3UTOB IS ClydaiiHoro rayccosckoro mpouecca. Ilomyuens! ypaBHeHUs
JUISL HECTAI[MOHApHOTO K03 duiuenTa ycunenus guistpa Kanmvana. [IpuBenens! uncieHHbIe pe3yabTaThl, AEMOHCTPHPYIOIINE yCTOH-

KiroueBble ciioBa: nporpaMMa NpHUBJICUCHYS, IEHO3UTHI, CPOKU BO3BpaTa, HHTErPaJIbHOE ypaBHeHUEe Bonbreppa, AMCKpeTHas JuHa-

Po3po06iieHO aJITOPUTM OIIHKK MPOTpaMH 3aly4eHHs JICMO3UTIB [T BUIIAJKOBOTO rayCCiBCHKOTO mpoiiecy. OTpHUMaHO PiBHSHHS VIS
HecTarioHapHoro koedimienta nocuieHns ¢inprpa Kanmana. [Togani yncensHi pe3ynbTaTiH JEMOHCTPYIOThH CTIHKY POOOTY peaizoBa-

KunrodoBi cioBa: nmporpama 3aydeHHs, JETO3UTH, TEPMIHH IIOBEpHEHHS, iHTeTpallbHE PiBHSAHHS BosbTeppa, AuckpeTHa nUHaMidHa

rae
E il i 1_b1 : i
G'()=G,->.C;- (1-b,)-b/,
=0 1
G,(i—k-1)=C*". 1;1)2 -(1=b,)-b, "
2

C, — GaxropuaJbHBIi MHOTOUIEH TOpSAKA /, [ —

JUCKpETHOE BpeMs, b U b, — mapaMeTpbl pacupe-
JieNieHns DpiiaHra B MOMEHTHI BpeMeHu =0 u
i>0, Gi(i) — mporpaMMa TPUBJICUYCHUS JICTIO3U-
ToB. [Ipu atom 0 < by, by < 1.

OcnabuM ycioBHe OCTOSIHHOTO KopcyeTa OaH-
Ka, TIOJIOKHUB:

2(i,0) =G, (i)+AA(i)
AA(i)=A(i)-A(i-1).

IlycTe KOpcuUeT BO3MYILAETCS HEKUM Cilydau-
HBIM IIPOLIECCOM:

A(i)=A4(i-1,0)+&(i).
IlycTh ciyyaliHasi BEIMYMHA €CTh I'ayCCOBOU U
XapaKTepu3yeTcs HyleBbIM cpenanM £ (&(1)) =0

U Aucriepcueit E(@2 (i)) =c’E.
Torga (1) mpeoGpa3zyeTcst K BULY:
G()=G" () +E()+ 3 G(K)- G~k -1). (2)

* o v (3
rae G (i) — 3aJaHHbIA 1eTEPMUHUPOBAHHBINA BXOJ-
HOM curHain, &(7) — cmyuyaiiHOe BO3JEHCTBUE WU
myM 00beKTa (JIeTo3uTHOTO MopTders OaHka).
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[Ipn BbIBOzE ypaBHEHMs (2) mocTaBiieHa 3ajaaya
OIIpPEeNIeIUTh TaKylo MpOorpaMMy MpUBJIEUEHUS Jie-
MO3UTOB, YTOOBI OCTATKU HAa KOPCUETE OCTABAIUCH
HOCTOSIHHBIMU C TOYHOCTBIO JI0 CIy4yailHOro BO3-
MYILEHUS.

[Tpennonaraercs, 4TO HENOCPEACTBEHHOMY U3-
MCPCHUIO WJIN H8.6HIOI[CHI/IIO AOCTYyIIHA BCJIMUMHA:

¥(1)= G, () +n(7). ®
rae M(i) — myM U3MEpeHui ¢ HyJEBBIM CPEIHUM

E(m,)=0 u 3anaHHO} aucrepcueit E(nz(z’)) =c.

n
Jlnst mpoCcTOTHI AOMYCTUM, YTO LIyMbl OOBEKTa U
U3MEpUTEISI HEKOPPEIUPOBAHHEI, T.€. E ((i(i))x

xN(i)) =
Hanuuue cinyuaiineix Bo3aeictuid E(i) u m(i)

JCIar0T aKTyaHI)HOfI IMOCTAHOBKY 3aJa4ud OLICHU-
BaHUA WK IIPOTHO3HUPOBAHHA BCIUYHHBI G1 (l ) B

YCIIOBUSX HETMOJIHOM nH(popManmu (CTOXaCTUYHO-
CTH) O COCTOSTHMH HCCIICTyEMOTO O0BEKTA.

Janayro npoOiaeMy MOKHO PEIIUTh C IMOMO-
IIbI0 TPAaJULUMOHHON mpouenypsl KanmanoBckoi
¢uneTpanuu [5]. [Ipu 3ToM HEOOX0MMO Oa30BbIe
ypaBHeHus (2) u (3) mpuUBeCTH K CTaHAAPTHOMY
MIPEICTABIEHUIO B MPOCTPAHCTBE COCTOSHUN. YUH-
ThIBasi, 4TO (2) sBIIAET cOOON Pa3HOCTHOE ypaBHE-
Hue Bombrepa Tuma ceepmka, TO (GopManibHOE
MpUMEHEHUEe Z-Ipeo0pa3oBaHus JaeT CIAeAYIOIIee
BBIpQKEHUE:

Gl(Z)ZG*(Z)+§(Z)+(1bT)mH G(z) ¥
W

((Z_bz )m+1 _(l_bz )m+1)'G1(Z) =
=(z-b,)"(G"(2)+&(2)).

[Z itz (=b,) (b)) (10 )j

k=0

m+1

xG1<z>=(Zc,:"“ (=by) 2" j (6'(2)+£(2)).

k=0

[Tonoxxum, 4TO Z-Omeparop UrpaeT pojib Ore-
paTopa CIBUIa, TOI/Ia BO3BPAILAsACH B IUCKPETHOE
Bpems 1 =i, 0yJileM UMETh:
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G(n+m+1)—a,-G (n+m)-
—a, -G (n+m+1-k)-
-a, -G (n+l)-a,, G, (n)z

m+l

-Serny
e=0

x(G*(n+m+1—e)+§(n+m+1—e)),

©)

kzl,_m, a . =

m+1

rae a, =(— )k+1 by -C™,
(1 b )m+1 ( bz)m+1.

Bripakenue (5) ecTh HM 4TO MHOE, KaK pa3HO-
CTHOe ypaBHeHHE (m + 1)-ro mopsiaka ¢ Hadallb-
HBIMH YCJIOBUSIMU:

G,(k) =G, +&(k), k=0,m. (6)
O6o3naunm x(n) = Gi(n), x2(n) = Gi(n+1), ...,
Xm+1(n) = Gi(nt+m).

Torma x,(n+1)=x,,(n), [ = 1L,m,
x,,(n+l)=a -x

am+ita x,, ()t

+a,-x,(n)+a,, -x (n)+u(n)+w(n),
m+1

u(n)=> " -(=b,)' -G (n+m+1-1) =

m+l

=Gy LG (b, % )
1=0
xiqwrmﬂ—l (1 bj bn+m+1 l,
i=0 b]
m+l
w(n) = ZC’”“ —b,) -E(n+m+1-1).

Cucremy (7) nerko nepenucarb B BEKTOPHO-
MaTpu4yHOU popme, TOMOIHUB ee ypaBHEeHuEM (3):

x(n+1):A‘x(n)+B~u(n)+D‘w(n), (8)
y(n)=C-x(n)+n(n),

x,(n)
x, (n)

rae x(n) = — m + 1-MepHBII BEKTOp CO-

xm+1 (]’l)
CTOSIHUS, (1) — OTHOMEPHBIA U3MEPUTEIIb:
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0 1 0 0
0 0 1 0
A= -
0 0 0 1
Ay Ay Ay a4

KkBagpaTHas Matpuua (m+1x m+1) AuHaMuKY;
0

B=D= — m+ 1 marpuma—cronben npu

1
JIETEPMUHUPOBAHHOM M CIIyYailHOM BO3JICHCTBHIX
COOTBETCTBEHHO;

c=(1 0

[Tpu 3TOM W(1) UMEeT AUCTIEPCHIO:

m+1
2 m+1 1\2 2
G, = Z(C, b)) 0.
=0
HavanbHele yciaoBus 3a1a4u:
S +Go
£ +G,

0) —m + 1 MaTpuua—CTPOKa;

x(0) =
E.}m + GO
C KOBapHallMOHHOW MaTpHIlel pasmepHocTU m + 1
Ham + 1:

PO) = E](x(0)-G,)-(x(0)-G,) |=

cslai 0 0

2
_ 0 o, 0
0 0 .. o

rae 7' — cuMBOJ TPAHCIIOHUPOBAHUS MATpPHIL.
Cxema ¢unbptpa Kanmana peanusosana B ¢op-
Mme «HpGIIHKTOp—KOppeKTOp»‘

R(n+1)=A-3(n)+B-u( n)-[ y(n) n)](9)
[IpenuxTop Koppexkrop
£(0) = x(0).

Koaddunment ycunenus ¢unbtpa K(n) BBHI-
YHUCISIETCS HE3aBUCHMO OT HAXOXKIEHHS OIICHOK
£(0) mo cnenyromemy anropurmy:
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K(n)=A4-P(n)-C"-[C-P(n)-C" +R] ",
P(n+1)=A-P(n)- A" + 0~

10
—K (n)-[ C-P(n)-C"+R|-K" (n), (10
P(O):Po.
3;[6%5:031, Q =o.-D-D",
X m+1xm+1
P(n)=E~((x—)2)-(x—£)T) —  KOBapHUalHOH-

Has MaTpula OIIMOOK OLIEHMBAHMS C Pa3MEPOM

(m +1xm+ 1) ; K(n) BEKTOpP Pa3MEpPHOCTH
m+ 1.
Kouctpykuust C - P(n)- C +R — sBusercs
Ixm+1 mxm+1  Ix1
m+Ixm+1
YHCIIOM.

2

. 2
Ilapamerpsl 3amauu ects: m,b,,b,,G,,0;, ©,.

Jns pacuera HayalbHBIX YCJIOBUH CIEAYET MOM-
HHUTH IIOCIICO0BATCIIBHOCTH CJIy‘-IElﬁHBIX BO3MYLIC-

HUH &05&19"'9};;1'

PaccmoTpuMm nBa mpumepa WILTIOCTPUPYIOIINX
pa3paboTaHHbBI MOAXO/.

Ipumep 1. Cryuau m = 1.
B nanHoM nmpumepe pazHOCTHOE ypaBHeHHE (5)
MPUHUMAET BUJ:
()=

G,(n+2)-2b,-G,(n+1)+(2b,-1)-G
=G (n+2)-2b,-G (n+1)+b; -G (n)+
+‘§n+2_2b2'§ +b22§

n+l no

1-5,

re G*(n)=Go'[b1" - b"j. Wn)=&,., -

1
_sz a
CpCIAHUM U ,Z[I/ICHG[)CI/IGIZ COOTBCTCTBCHHO.

E(w(n))=0 u E(w’(n))=(1+4b; +b))-0; =,

+b; -&, — LUIyM peaJbHOro MpoLecca co

n+l

VYpaBuenue s u(n) B cucreme ypaBHeHuu (7)
MIPUMET BU/I:

*

u(n)=G (n+2)-2b,-G" (n+1)+b; -G (n) =G, x
x(b,—b,)-b/ -{(bl—bz)-[nl;bl .n+2(1—b1)]}

B urore nomyuum:
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u(n)=G,-(b —b,)-b'
PRSI

Cucrema (7) nmpuMeT BU:
x(n+1)= A-x(n)+B-u(n)+D-w(n),

y(n)=C-x(n)+n(n),

S

0 1 0
A= ,B=|_|.C=(1 0),
22 \1-2b, 2b,) 20 (1) =

(0 _ xl(O) _
-{1)r0-(1fo)) -5
x2<0>=a1+Go,Po=(G§ 0}

2
2x2 0 Gé

O 2
5 | R=c5n.

w

0
Q:D-DT-GfV:(O

Hanee cnenyet peanuzoBats (9, 10) ¢ Hauanb-
HBIMH yCIOBHAMH OyayT &,,&. OrmeruM, 4TO
aBTOPOB HMHTEPECYET HE BECh BEKTOP fc(n) , a
TOJBKO X,(n)=G,(n).

Hpumep 2. Cranapusiii ciyuau m = 0.

[Iporpamma npuBII€YEHHS AETIO3UTOB ISl CKa-
JSIPHOTO CITy4asi UMEeT BUJL:

Gl(n+1)—G1(n)=
= G*(nJrl)—b2 ~G*(n)+§n+1 -
npu G (n)=G,-b/".

[Tonoxum G,(n)=x(n). Torna umeem ypaBHe-

b2 .én’

HUE, OINKCHIBAIOIIECE PEANbHBIN IPOLECC MPHUBIIE-
YEHHUS IETIO3UTOB:

x(n+1)= x(n)+u(n)+w(n) ,

rie
u(n)=G (n+1)—=b,-G (n)=G,-(b,—b,)-b/,
w(n)=§ ., —b,-&, — rayccoBckuii IryM peajbHOIo

nmponecca ¢ TaKuMH CTAaTUCTHYCCKHMMU XapaKTe-
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puctukamu: £ (w(n))=0, E(w2 (n)) = (1+b22)><

2
X o}
JTUYUHBL W(n).

VYpaBHeHUEe W3MEpeHUs HaOJII0AaeMOro Ipo-

necca OoCTacTCAa HCU3MCHHBIM:

y(n)= C-x(n)+n(n) ,

_ 2 P
= GW — CpCaAHCC U OUCIICPCUA Cﬂy‘{aI/IHOI/I BC-

rne C=1.
@uibTpanus HabJI0AaeMOro Ipolecca OT IIy-
Ma OIHCHIBAETCH YPABHEHHEM:
x(n+1)= )?(n)+u(n) +k(n)~[y(n) —fc(n)] ,
[PH HAYAJIBHBIX YCIOBHSX:
x(0)=x(0)=¢&,+G,,
rne p(0)=o;, R=0c,, O=0,, k(n) — HecTamuo-

HapHbIA KdQPUITMEHT ycrieHnsT PUIbTPa, PABHBIIH:

k(n)= p(m)-(p(n)+R) __rl)

p(n)+R
p(n+1)=p(n)+0—k*(n)-(p(n)+R)
nJIn
_ __pi(n)
p(n+1)=pm+Q D) +R (1D

JlanHOe HenMHEeilHOe Ppa3HOCTHOE YpaBHEHHE
(11) Ha3bIBAIOT AUCKPETHBIM ypaBHEHUEM PUKKaTH.
OueBuIHO, YTO OHO UMEET CTALMOHAPHOE PELLCHUE

*
P, YAOBIIETBOPSIOLLEE KBAJAPaTHOMY YPaBHEHUIO:

p=p(n) +R

NN
2
p —Q-p-0-R=0.
Hac wuHTEpecyeT NOJIOKUTENIBHOE pEIICHHE,

KOTOpPOE PaBHO:

1+ 1+—
P =0 2 -
TaK KaKk k *p = *,TO K=
p +R

T.e. CTaIllMOHAPHBIA KOIPOUIMEHT yCUIICHUS
¢unpTpa Kanmana 3aBHCHUT OT AHMCIIEPCHOHHOTO
OTHOIICHHS IIYMOB OOBEKTA U U3MEPUTEIIS.
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Huckpernoe ypaBHenue Puxkatu (11) moxer
UMETh TOYHOE aHaiuTudeckoe pemeHue. [Ipeol-
pa3yeM ero K BUIy:

pn+l.pn+R.pn+l_(Q+R)'pn_Q'RZO’

C HavyaJIbHBIMHU ycnoBuaMH: p(0)= p,.
BBeieM 3aMeHy NEpEMEHHBIX:

p” — qﬂ+l - R.
4,

[ToncranoBka cpasy ke JaeT:

Gz _(9+2R)- Lt L R =0

n n

N
qn+2 _(Q+2R)qn+l +R2 'qn = 0'

B pesynbrare MMeeM JIMHEWHOE DPa3HOCTHOE
YPaBHEHHE BTOPOTO MOPsIKA C PEILICHUEM:

q(n)=C A+ G015,
rae A,,A, — KOPHU KBaJIPaTHOI'O YPAaBHCHUS
A’ =(Q+2R)-L+R*=0.

OueBuaHo, 4TO A ,A, >0 KU IYCTb A, >,

Q. pe /Q2
A,=—+RF,[—+0O-R.
127 + 4 0

Pemenue nns p, umeer BUI:
A -C- My A,
7\‘2
~R,

E-[}”J +1
}\‘2

- C
rae C =—L Haxomadar u3 GopMyIIbl:
2

pn:

E_kz—pO—R
Po+R—M\,

*
CranuonapHoe penieHue p =i, — R, Tak Kak

(ﬁ] — 0 npu OombIUX 7 — 0. 3HAUUT p* -

2

2
= %-{- }QT-F Q -R , 4YTO MBI paHEC U YCTAaHOBHIJIU.

Hecranumonapuelii ko3 pUIueHT
buabTpa paBeH:

YCUJICHHUS
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R- E-[K‘J +1
7\‘2

%1-5-(7”j +2,
A,

Jlns CKamspHOTO Cilydasi NpHUBEAEM IPHMEP
pacueTa HECTAMOHAPHOTO KOX(PHUIMEHTa yCH-
neHust GUIbTPa MPH BXOIHBIX TAHHBIX, IPEICTAB-
JICHHBIX B TaOJHIIE.

ky=—Lr_—1-
p, TR

Taoaumma

(e O¢ (O }\,1 }\,2 C bl bz GO

35% | 20% | 1% | 0,11905 | 0,12605 | —0,83888 [0,1]0,5| 1

PesynbraThl pacyera HECTalMOHAPHOTO KO3(-
¢dunuenTa ycuienus GuibTpa Mpy BXOJHBIX JIaH-
HBIX, IPUBEJICHHBIX B TAOJUIIE, PEACTABICHBI Ha
PHUCYHKE.

0,30

< 0,25
=
=
I
40,20
=
o
g
£015
o
=
3 0,10
b4
2 N
8005 ~—
0,00 : . : : ‘
0 20 40 60 80 100

Bpemsa, n

JluHamyKa HecTalMOHapHOTo Kodddunnenta
ycuneHus puiIbTpa BO BpeMEHH

Zakinuenue. [ qaTbHEUITUX UCCIICTOBAHUN
MPE/ICTABIISICT UHTEPEC PACCMOTPEHUE CITyYaiiHBIX
WCKa)KEHWIA, ONTMCHIBAEMBIX TAyCCOBCKUM YBEMHbIM,
WM IpOOOBBIM IIIyMOM, KOTJ]a UMEIOTCS PEAKHE, HO
3HAYUTEIILHBIC 6bIOPOCHI OCTATKOB HA KOpCUETe
OaHKa.
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Introduction. For successful management of the banks’ deposit activity it is important to understand how to change the
deposit attraction programme if the time structure of deposits has suddenly changed. The existing studies are mainly devoted
to the analytical calculations of attracting programmes under conditions when the time structure of deposits is described by
the continuous functions. There are scientific researches in which a methodology for calculating the deposit attraction pro-
gramme are developed, provided that the time structure of deposits is discrete, which made it more similar to the problems
that arise in each bank practice. However, in reality, the deposits attraction are outraged by random processes.

Purpose. Therefore, the bank faces the task of assessing or forecasting a programme for attracting deposits under condi-
tions of incomplete information (stochasticity).

Methods. The task of evaluating the programme for attracting deposits under conditions of Gaussian noise is solved with
the Kalman filtering procedure. Since the equation describing the discrete changes in the deposit attraction programme is a
Voltaire difference equation of the convolution type, the Z-transformation is used to bring it to the standard representation in
the state space. The scheme of the non-stationary Kalman filter is implemented in the form of a "predictor-corrector".

Results. The algorithm for evaluating the programme for deposits attraction in the case of a random Gaussian process is
developed. The equations for the non-steady-state Kalman filter are obtained. The numerical results clearly demonstrate the
stable operation of the implemented filtering algorithm.

Conclusion. The developed algorithm for estimating a discrete programme for attracting deposits in the presence of a
random Gaussian process is useful for software developers at the banking institutions. Its usage helps to improve the deci-
sion-making system for banks’ deposit management. For future research, it is necessary to consider the random distortions
described by Gaussian color or shot noise, when there are the rare but significant outliers of the balances on the bank’s corre-
spondent account.
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