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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".

AnHomayus
M T. Hexaxosa* M.K. Illyaxaes', E.A. Tyaxoe*, K.T. Hazapbexosa?
1Kazaxckuii HAyUOHANbHBIIL Nedazo2u4ecKull yHusepcumem umenu Abas, e.Anmamol, Kazaxcman
2Kaszaxckutl HayuonanvHulil ynusepcumem umenu anb-Papabu, 2. Anmamer, Kazaxcman
IMPOBJIEMA P. KAIMAHA O YUCJIAX ®PUBOHAYYHN

B pabore paccmarpuBaercst mpobimema P.Kammana o uncnax @ubonaum. IlpeacraBieH 0030p MeTOIOB
HCCIICIOBAaHMS CHCTEM TEOPHH YNPABICHHUS B JIBYX KOHIEMIHUAX «IIPOCTPAHCTBO COCTOSIHHID» M OTOOpa’keHHE «BXOJ —
BbIXO1». PaccmaTpuBaercs npobnema P. Kanmana o uncnax @uboHaudn, KoTopas 3aKIf04aeTcs B cienyromem. Yucna
OuboHauym 00pa3yr0T MUHUMAIBHYIO pean3aluio. ABTOPHI CTaThH CHOPMYIHPOBAIN TEOPEMYy, KOTOPOU Jajau UMS
BBIJIAIOMIErOCs] aMepukaHCcKoro yaeHoro P. Kammana. /loka3aTenbCcTBO TEOPEMBI BECbMa IPOMO3KOE, TIO3TOMY aBTOPEI
JIOKa3aJn ee Ha rmpuMmepe, korna yncia OuboHayyn 1moyryqaroTcst Ha OCHOBE NpuMeHeHus anropurma b. Xo — yuennka
P. Kanmana.

B pabore mnpuBoautcs anroputm b. Xo, KOTOpBI MO3BONSET HANTH mapaMeTpbl MCXOIHOM JIMHEHHOH
JIETEPMUHAPOBAHHON cucTeMbl. Ha OCHOBaHMM 3THX IapamMeTpoB MBI HaxoAMM HcXonHble yucina dnbonauun. Tem
cambIM, yucina PuOOHAYYM HMMEIOT TECHYIO CBsI3b C IPOOJIEMOH JIMHEHHOH AEeTEpPMHHHPOBAHHOW peaM3alid U C
anroputmoM b. Xo.

KuioueBble cioBa: uncina @uboHayun, MUHAMAIbHAS peanu3amus, aropuT™ b. Xo, Teopust cuctem, KOHIEITUU
«IPOCTPAHCTBO COCTOSTHUI» U OTOOPaKEHNE «BXOJ — BBIXO.
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Anoamna
M.T. Uckaxosa', M. K. Illyakaes', E.A. Tyaxoe, K.T. Hazapbexosa®
Y46aii amvinoazul Kazax ynmmuix nedazozusnviy ynusepcumemi, Anmamor K., Kazaxcman
2an-Dapabu ameinoazul Kazax ynmmux ynusepcumemi, Anmamol K., Kazaxcman
O®UBOHAYU CAHIAPBI TYPAJIbI P. KAJIMAHHBIH MOCEJIECI

Maxkanaga ®ubonauun canmapsl xaitnsl P.Kansman moceneci kapacTelpsurFad. byt Makanana «KeHICTIK jKaFIaib»
KOHE «CHTI3Yy-IIBIFapy» OelHeleHyi eKi TYKBIpBIMIaMachIHAAFel Oackapy TEOpPMACHIHBIH IKYHENepiH 3epTrey
omictepine momy KenTipinreH. @PuboHayum canmapsl Typaisl P.Kampman Mocemeci KapacTBIPBUIaABI, OJ TOMEHIE
kenripineni. ®nboHauIHM caHZApBl MUHIMAJIBI CHTI3y I Kypaiasl. Makaia aBTopiapbl KOPHEKTI aMEePHKAHBIK FAITBIM
P.KanbMaHHBIH eCiMiMeH aTanaThlH TEOpeMaHbl TYKbIpbIMIansl. TeopeMaHbIH IaIelli 0Te KUbIH, COHABIKTAH aBTOpJIap
®ubonauun canmapbiH b.Xo-mokipti P.KambMaHHBIH anrOpUTMIHIH HETI3iHAE albIHFaH KE3/I¢ MBICAl KEelTipin
nonenaeni. byn xkympicta GacTamkbl CBHI3BIKTHIK JETEPMHHUCTUKANBIK JKYHEHIH MapaMeTpiepiH Ta0yra MYMKIHIIK
oeperin b. Xo anropurmi kenripinren. Ocbl mapamerpiep Herizinne ®ubOoHayumaiH OacTankbl caHJapblH TabaMebl3.
ConbiMeH, @uOOHAYUM caHIAPHI CHI3BIKTHIK JETEPMUHHUCTIK 1CKE acklpy MaceneciMeH xoHe b.Xo anropurMimMeH ThIFbI3
OailyIaHbICTHI.

Tyiiin ce3nep: duboHauum caHgapbl, MUHHUMaIIbl eHrizy, b. Xo anropurtmi, xyieiaep TEOpHSCHI, «KEHICTIK
KarIaibDy TYKBIPHIMIAMACHI )KOHE «Kipy-LIBIFY» OeiiHemneyi.

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] Fibonacci's numbers were described
very well.

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

Fibonacci's numbers forms minimal rationalization.

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

y(t) = [ce"BU (r)dr, (1)

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), (4)
where A,B and C — matrix, accordingly, nxn, nxm and pxn of dimensional, u(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, i.e. m=p =1 (see [1-4].

The algorithm of a solution of a problem of realization consist of the following steps.
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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,,
—dW(t) =CAB=H
dt |, ?
W ® =CA"'B=H .
et |, "

Hl HZ Hn
H= HZ H3 Hn+1
Hn Hn+1 H2n—1

3 step. Choose arbitrary matrixes

P=(P, P, .. P,, P)
M:(Ml MZ Mn—l’ Mn)’
satisfying to the following matrix's equation

P-H-M=I,

where | —unit matrixand M,,M,,..., M, —known matrixes.
4 step. From (8) we define M, by of the following transformations

Ml

(il:)l Hi anpl Hi+l il:)l Hi+n—1j M2 =1
i=1 i=1 i=1
M.

T PRSIy VN P VN
i=1 i i i

)

[ n -1 n n
M:=|— PiHi+n—l:| |:(ZPiHi]M1+“'+(ZPiHi+n—2jMn—1 :
Li i=1 |

5 step. Let’s define

n+l
19H — H 3 H 4 H n+2
H n+l H n+2 H 2n
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6 step. We define parameters of a system (3)-(4) of the following relations

A=P(SH)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 humbers

0,1,1,2,3,5,8,13,21,34,55, ... (11)

i=( 2= D

Put on the base formulas (6-8)

And PHM=I.
Then

Pi=(; DG D=0 2)
(2 %)(zi zi):(ﬂni:éﬂn @17 iﬂ%ﬂzz)

Father we have

Then because

ey ) (7 )= )=t

Accordingly, of formula (10) we received

a=pm-m=p(; )7 o)=GQ DG o)=-G 2
s=p=(; (] D=0 =0

c=v=(y (7 0)=(G D=0
In second step we must Fibonacci's numbers (11)

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

CAB=(-11) @ =1

we received second number of Fibonacci's numbers (11).
s (=1 1y—1 1y _ .0 1
4 _C(—i 2)(—1 EJ_C(—i 3)

CA’B=(01)-B=1
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#=(59G 9-G 9
CA3B = (-1 2}-(2) -2,
=5 90 9=-G D)
CA%B = (-1 3}-(2) -3
2= )0 D=-C )
CASB = (=2 5}-(2) -
Aﬁz(:ﬁ 153)(:1 é):(:g 281)
CASB = (-3 3}-(2) -8

-3 8y/-1 1 -5 13
A?z(—a 21) 1 2):(—13 34)
CA7B = (-5 13}-(2) =13

( 13 34)(_ }z(—_zai Eé)
CABB = (-8 21)- (1) =21

( 21 55)(_ }:C;i g;)
CASE = (—13 34)- ( ): 34

Am:(:;i 23)( ) [_55 144)

CA°B = (-21 55)- (1) =55

415 = (—144 3??) (—1 é} _ (—233 610 )

—377 987/ \— —610 1597
CASE =510
—233 6101 1 —377 987
16 —
4 (—51{] 159?) (—1 2) (—98? 24-84-)
CApB =987

H=| hzhs .« hpia|

hihy . hn]
hn lrF"’:‘z+1 IF."'2:~:+1
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ha ha v Rpsq
QH=| hzhs o ezl
Ii5."':*:+1 Ii5."':*:+2 h!n

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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AJITOPUTM ITOJIYYEHHUA OITUMAJIbHOI'O TAPAHTUPOBAHHOT'O PE3YJ/IbTATA
AJI1 OB bEKTOB C 3KCTPEMAJIbHBIMHU COCTOAHUAMU

Annomayus

B pabote pa3paboTaH alnropuTM IMONYyYEHHUS ONTHMAIBHOTO TapaHTUPOBAHHOTO pe3yibTaTa Uil OOBEKTOB C
9KCTPEMAILHBIMHA COCTOSIHASIMM OCHOBAaHHBIH Ha yCTaHOBJICHHH (QYHKIHMH M (DYHKIHOHAJIOB aHAINTHYECKOTO BHJA.
W3noxxena MeToamka BBIOOpA CTpaTerMy YIPaBJICHHS OOBEKTOM C HAWIYYIIMM TapaHTHPOBAHHBIM PE3YJIBTATOM.
CyIIHOCTh METOAMKH 3aKITIOYAeTCsl B HAXOXJICHUH ONTHMAIBHOTO PENICHHsS MHOTOKPUTEPHAIBHOW 3aJadd, KOTOpOe
MaKCHMU3MPYeT 3HaueHHs Bcex (pyHkuui. [Ipm 3TOM cymecTBoBaHHME pelleHHs, OyKBaIbHO MaKCHMHU3UPYIOLIETO BCE
HeneBble (YHKIMH, SBISIETCS PEAKMM HCKIIOUYeHHeM. PaccMmartpuBanach mpoOiema MOJIydeHHs IapaHTHPOBAHHOTO
pe3yibTaTa U HCClIe0BaHHE BOSMOKHOCTH €ro YIIy4IIIeHHs, a TakXkKe IpobiieMa BEI0Opa PalliOHAIBHOTO PEIICHHS.

YcTaHOBIIEHO, YTO CTpaTerys, KOTOpas UMEeT B JaHHOM onepanuy OueHKY d((QEKTUBHOCTH, PABHYIO HAWITYYILEMY
(HanbonplIeMy) rapaHTHPOBAHHOMY PE3YNbTaTy, U ABJSIETCS ONTUMAIBHON rapaHTHpYyIoLeH cTparerueii. OnpereneHa
merneBass  (QYHKOWSA, TaKke MPEANPHHATA ONTHMAIBHO TapaHTUPOBAHHAS  CTpATeTHs s YIpPaBJICHHA
OMOTEXHOIOTUYECKHUX NTPOU3BOICTB C IPUMEHEHHEM HH(OPMAITHOHHBIX TEXHOJIOTHH.

KiroueBble cjI0Ba: MHOTOKpUTEpHAJbHAs 3ajada, HAWIYYIIMH TapaHTHPOBAHHBIA pe3ylIbTaT, HAaWOONBIIHHA
rapaHTHPOBaHHBIN pe3yibTar, OnoTexHosorudeckas npoussozacrsa (BTII), koHIenMii oNTHMaTBLHOCTH.
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