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Abstract

In this paper authors are considered the R. Kalman's problem about of Fibonacci numbers. An overview of research
methods for control theory systems in two concepts “state space” and the “input-output” mapping is presented. In this
paper, we consider the problem of R. Kalman on Fibonacci numbers, which consists in the following. R. Kalman's
problem on Fibonacci numbers is considered, which is as follows. Fibonacci numbers form a minimal Realization. The
authors of the article formulated a theorem, which was given the name of the outstanding American Scientist R. Kalman.
The proof of the theorem is very cumbersome, therefore, authors proved it using an example when the Fibonacci numbers
are obtained on the basis of the application of the B. Ho's algorithm. B. Ho is a purple of R. Kalman.

In this paper, the algorithm of B. Ho is given, which allows one to find the parameters of the initial linear deterministic
system. Based on these parameters, we find the initial Fibonacci numbers. Thus, Fibonacci numbers are closely related
to the problem of linear deterministic implementation and to B. Ho's algorithm.

Keywords: Fibonacci numbers, minimal realization, B. Ho algorithm, systems theory, the concept of "states space"
and the Map "input - output".

Annomayus
M T. Hckaxosa* M.K. Illyaxaee*, E.A. Tysxoe, K.T. Hazapbexosa®
'Kazaxckuii nayuonanouulil nedazozuueckuti ynueepcumem umenu Abas, 2. Anmamul, Kazaxcman
2Kasaxckutl HayuonanvHulil ynusepcumem umenu anb-Papabu, 2. Anmamer, Kazaxcman
MMPOBJIEMA P. KAJIMAHA O YNCJIIAX ®UBOHAYYHN

B pabore paccmarpuBaetcs npobiiema P. Kanmana o uncinax ®dubdonaun. [IpencrasieH 0630p METOZOB HCCIIEAOBAHUS
CHCTEM TEOpHM YNPABIEHHUA B [BYX KOHIEMIMAX «IIPOCTPAHCTBO COCTOSHHUH» M OTOOpaKEHHE «BXOJ — BBIXOID.
PaccmarpuBaercss mpobnema P. Kammana o umcmax ®PuboHauuM, KOTOpas 3akirodaeTcss B ciexymoomem. Yucna
®uboHauyn 00pa3yr0T MHHUMANBHYIO pealn3anuio. ABTOPHI CTaTbU CHOPMYIHPOBAIHN TEOpeMy, KOTOPOI Jaiau MM
BBIJAIOLIErOCsI aMepUKaHCKoro yueHoro P. Kanmana. [loka3aTenscTBO TEOpPEMBI BECbMa I'POMO3JKOE, TI03TOMY aBTOPbI
JToKa3aiy ee Ha ImpuMepe, korja yncia GuboHaudyn momydaroTcss Ha OCHOBE IpuMeHeHus ainropurMa b. Xo — yueHuka
P. Kanmana.

B pabore mnpuBoamtcst anroputM b. Xo, KOTOphI MO3BONSET HAWTH MapaMeTpbl HCXOMHOW JMHEHHOU
JIETEpPMHUHAPOBAHHON cucTeMbl. Ha OCHOBaHMM 3THMX HapaMeTpoB MBI HaxXxoIWM HCXonHble yucina dubonauyun. Tem
cambIM, yucina PHOOHAYYM HMMEIOT TECHYIO CBSI3b C NPOOJIEMOM JIMHEHHOH AETEPMHHHPOBAHHOW peaM3alii H C
anroputmom b. Xo.

KatoueBnie cinoBa: uncna @uboHauun, MUHMManbHas peanusanusi, anroput™ b. Xo, Teopus cucteM, KOHIENIIHN
«IPOCTPAHCTBO COCTOSTHHUI» M 0TOOpaKEHHE «BXOJ{ — BBIXO.
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O®UBOHAYU CAHIAPBI TYPAJIbI P. KAJIMAHHBIH MOCEJIECI

Maxkanaga ®uboHauun canmapsl xkaitiel P.Kanpman moceneci KapacTelpputFad. bysr Makanama «KEHICTIK KaFIaib»
KOHE «EHTI3y-LIbIFapy» OeiiHeNeHy1 eKi TYKbIpbIMIaMachIHaFbl 0acKapy TEOPHSCHIHBIH KYHeIepiH 3epTTey oicTepine
moiry kentipinreH. dubonauum cannmapel Typansl P.Kambman Mmaceneci KapacThIpbUIAAbI, OJ1 TOMEHJE KeNTipiieai.
@duboHauyyn caHAapbl MHHUMAaIIbl EHTI3ydl Kypaiasl. Makaia aBTOpiapbl KOpPHEKTI aMEpPHKAHABIK FaJbIM
P.KanbMaHHBIH eciMiMEH aTajaThlH TEOpPEMaHbl TYXKbIPbIMAaAbL. TeopeMaHbIH oJIelli 0T KUbIH, COHBIKTaH aBTOpiap
®ubonauun caagapbiH b.Xo-mokipti P.KambmaHHBIH anropuTMiHIH HeTi3iHAE aiNbIHFaH Ke3/e MbICal KenTipin
nmonenneni. bynm skympicTa GacTamkbl CBI3BIKTHIK JACTEPMHUHUCTHUKAJBIK KYHEHIH HapamMeTpiepiH Tabyra MYMKIHAIK
oepetin b. Xo anroputmi kenripinred. Ockl mapametpriep Herizinae @uOoHaU4YMAIH OacTamKbl CaHAAPHIH TaOAMBI3.
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ConbiMen, @rOOHAYUM caHIAPBI CHI3BIKTHIK JETEPMUHHUCTIK 1CKE acklpy MaceseciMeH xoHe b.Xo anropurmimMeH ThIFbI3
OailyIaHbICTHI.

Tyiiin ce3nep: ®dubonHauum caHgapsl, MUHUMaJIbl eHrizy, b. Xo amropurmi, xyhenep TEOpHsCHI, «KEHICTIK
KaFIaibl» TYKBIPBIMIaMacChl XXOHE «Kipy-LIbIFy» OeliHemneyi.

In the theory of Volterra’s series exists three main directions of their research. The first [1-4] — uses a
method of the analysis of the "Space of States" transformation which is based on the description of system on
the base of some functionality. It allows considering system as converter of the process operating on it’s into
output process. There are two concepts of the description r investigation of mathematical models in conception
of the transformation "Space of States". In this case, it isn't required information about internal structure of
system; its properties are investigated in terms of global characteristics of systems as whole. The second [1-4]
the deterministic (stochastic) system the differential ordinary (stochastic) equations on the basis of the known
Map "Input - Output™ presented in the form of a deterministic (stochastic) Volterra's series.

Analysis of Methods of the Deterministic Realization.

The realization problem for linear dynamic systems was formulated by R.Kalman for the first time in [1-4]
it consists in finding of parameters of the linear system according to Output data. This task for linear stationary
systems was firstly solved by B. Ho in [1-4]. Other decision for the same task is received in too it was a high
time, in [45] where properties of controllability and observe ability of dynamic linear systems were used. Both
of these algorithms demand calculations linearly. In [5] Fibonaccis numbers were described very well.

In [6] R. Kalman stated by following problem.

Fibonaccis numbers forms minimal rationalization.

Consider problem minimal rationalization. Let we know Map “input — output”

y(t) = j ce*IBU (r)dr, 1)
0

where

W (e) =ce*®'B, )
W (e) — transitional matrix of dimensional pxm.
On a transitional matrix (2) it is required to find parameters (A, B and C) of following system

X(t) = Ax(t) + Bu(t), (3)

y(t) = Cx(t), @)
where A, B and C — matrix, accordingly, nxn, nxm and pxn of dimensional, u(e) e R™, y(e) € R”
, U(®) —inputand y (e)-output of asystem, p<n, m<n.

This problem for the first time was solved Elmer Gilbert on the basis of properties of a controllability and
observability, but the first algorithm of realization was given B. Ho, where there was one input and one output,
ie. m=p=1(see[1-4].

The algorithm of a solution of a problem of realization consist of the following steps.

1 step. On the base of known transitional matrix W (t) (2) we shall calculate block Gankel’s matrix H as
follows:

W(0)=CB =H,,
WO _cag-H
dt |, 2
llllllllllllllllllllllllllllllllllllllllll (5)
d"WO _carigo,
dt |, "

2 step. Construction Gankel's matrix H
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H, H, .. H,
H H .. H

H — 2 3 n+l ) (6)
Hn Hn+l H2n—1

3 step. Choose arbitrary matrixes

P=(R P, .. P R)

()
M=M, M, .. M_, M)
satisfying to the following matrix's equation
P-H-M=I, (8)
where | —unit matrixand M;,M,,..., M, — known matrixes.
4 step. From (8) we define M | by of the following transformations
Ml
n n n M )
zPiHi ZPiHi+l ZPiHHn—l =
i=1 i=1 i=1
M
(S (S oS i
i=1 i=1 i=1 =1
[ n -1 n n T
M: =1- Zpu Hi+nl:| [( P Hi]Ml‘*'---"'( P Hi+n2jMn1 :
L i=1 i=1 i=1 _
5 step. Let’s define
H2 H3 |_|n+1
H H H
9H =| 3 4 "2 ©)
H n+l H n+2 H 2n
6 step. We define parameters of a system (3)-(4) of the following relations
A=P(9H)M,
B =PH, (10)
C =HM.

Solution of R.Kalman's problem.

R.Kalman's theorem. If sequence forms Fibonacci's numbers, then this Fibonacci’s numbers forms
minimal realization accordingly, formulated by R.Kalman.

Because proof of this theorem is very longer. Therefore, we present by following example, which proves
of our theorem.

Put we have simple Fibonacci's numbers
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0,1,1,2,3,5,8,13,21,34,55, ... (11)

i-C Nr-C ).

=(; DG D=0 2

((1) %) (22 Z:z) - (a11 (-1|-212a21 Qaiz (-1|-222a22)

Put on the base formulas (6-8)

And PHM=I.
Then

Father we have

az1 =1, a =0, a;3=-2, a;;=1

M=(7 o)
Then because

raon=( (2 =G -
Accordingly, of formula (10) we received
a=vmom=r(p )7 o)=G DG =G )
s=ph=(; )G =0 2=0)
c=im=( )(7 )= (G, D=(o)
In second step we must Fibonacci's numbers (11)

Because CB=0, then we received first number of Fibonacci's numbers (11).
Father

CAB=(-1 1) (2) =1
we received second number of Fibonacci's numbers (11).

a=c(Zy )& )=c(’ 3)
CA2B=(01)-B=1

c=2 0 D=G 9
CA3B = (-1 2) - ((1)) = 2.
a=(5 G 2=G )
CA*B= (-1 3)- (2) =3
#=(5 (0 -G 3
CASB=(-25)- (3) —5
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=2 G )=-C 5
CA®B=(-3 8)- (3) —3
A7 = [:g 281)(:1 é) = (—_153 ;i)
CATB = (=5 13) - (2] — 13

[—13 34)(:1 é) - (—_281 Eé)
CA®B = (-8 21)- (2] =21

[—21 55)(:1 é) = C;i gg)
CA®B = (—13 34)- (2) =34

- (—34 39} (_ é) - [:Eé 1554)

CA1B = (—21 55)- (2) =55

415 = (—144 377) (—1 1) _ (—233 610)

—-377 987/ \-1 2 —-610 1597
CAYB =610
216 — (—233 610 ) (—1 1) B (—377 987)
—610 1597/\—-1 2/ \-987 2484
CA®B =987
- hy hy v hy
H = hz h3 th+1 ],
—hn hn+1 h2n+1
hy hs oo hpeq
QH = h3 h4_ hn+2 .
—hn+1 hn+2 th

Conclusion. In this paper authors considered the R. Kalman's problem about of Fibonacci numbers. This
paper provides an overview of research methods for control theory systems in two concepts “state space” and
the “input-output” mapping. In this paper, we consider the problem of R. Kalman on Fibonacci numbers, which
consists in the following. Fibonacci numbers formed minimal Realization.
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