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Abstract — The carried out analysis of stochastic identification
models has allowed to find a rigorous mathematical proof of their
inefficiency.  Identification of object parameters and
characteristics of noise using a uniform model is impossible. It
leads to erroneous results which have abstract character and
cannot be decoded by using any mathematical operations. These
facts have been held back many years and practical identification
was in impasse. Partly it is because finding analytical solution of
system of difference equations is not possible using traditional
computing methods. The obtained results show that procedures
of identification should be complete and should include
algorithms for decoding the coefficients of difference equations.
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|I. PROBLEM STATEMENT

Stochastic models described in [2], [3] are presented there
as a universal approach for practical identification of analog
dynamic objects. Therefore, special analysis of properties of
these models for possibility of their practical application in
tasks of identification of aircraft dynamic characteristics and
their onboard equipment was required. Difficulties of this task
are caused by the fact that transients recorded during flight test
stage, are characterized by small degree of variability and,
consequently, in algorithms of identification singular
situations can arise which increase their sensitivity to noise.
Authors in [2], [3] recommend stochastic models for wide
practical application, asserting that algorithms constructed on
the basis of such models are not only capable to give an
estimation of object’s parameters, but also an estimation of
characteristics of noise. Similar recommendations cause
interest for their practical application in tasks of processing the
flight information.

In these models, it is offered to describe both output signal
of the object u(t), y(t)and additive noise e(t) using rational
transfer functions:

C()

A@)y(t) = D)

——u(t)+ e(t) (1)

B(a)
F(a)
In [3 (4.16)], it is stated that the choice of polynomials at

e(t) can be arbitrary. As an example from (1), we shall choose
the ARMAX model [3 (4.14)]:

B@, yH() = (2)

y(®) =G(au(t)+H(a)e(t); G(q) = A (q)

At once, we shall note that description of noise e(t) by
using characteristic polynomial of the object A(q) is not a
particularly reasonable variant, as its parameters should still be
identified.

Topological characteristics of operators of mapping used in
problems of identification have been investigated in [9]. The
analysis has shown that they possess properties of
isomorphism. This property was used in [4] — [8] for
formation of address structures describing fragments of
computing algorithms.

We shall note that descriptions of models in [3] are the
same as in [2], differing only in notation. Here (1) and (2) are
approximations of the initial differential equations by
difference equations, which are realized on the basis of some
variant of Z-transform operation. In any case, there are
methodical errors of discrete approximations of input signal.
They have regular character and, consequently, cannot be
effectively corrected using statistical methods. They cannot be
ignored, as they can result in significant energy imbalance in
difference equations. In conditions of near singularity in
equation system, they can cause a significant bias in the
estimates of equation coefficients. Their influence cannot be
ignored as it is offered in [3; p. 31, p. 82] ©“ ... assume that the
input signal during the quantization interval T is constant ... ”
It can be true in a special case when the object is controlled by
computer signals, but this control problem cannot be
generalized for cases of identification.

Therefore, in [11], [12], interpolation algorithms for
compensating errors of discrete approximation have been
developed. Coefficients of difference equations have abstract
character and the operator of mapping differential equation
into difference equation has compressing properties. As a
result, well-separated analog poles (—g ,) located in the left
negative half of the complex plane (stable objects are
considered) are mapped by Z-transform
(-9,)=u ,=exp(-g,-T) into discrete poles x , located
in a narrow area of the right semicircle. Therefore, at the
presence of noise, they become poorly separated and can be
perceived as one multiple pole. As shown in [13], in this case
the algorithm of decomposition of discrete transfer function
has qualitatively different character. It is applied for
realization of the operation of inverse Z-transform with the
purpose of mapping the obtained estimates of the discrete
operator into the analog form which corresponds to the actual
analog object. Without such decoding operation, it is not
possible to get results with meaningful physical interpretation.
It is necessary to note that both solving systems of difference
equations and decoding their coefficients are connected to
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occurrence of almost singular situations, which lower the
reliability of results. Probably for this reason, the majority of
authors restrict themselves to abstract numbers. Thus, illusions
concerning the ease of practical application of identification
algorithms are caused by the erroneous statements, such as in
[2; 1.2.8], that discrete poles lay outside the unit circle
|,u v| >1v=12---N and consequently are well separated.
But there are more important reasons that make practical
application of stochastic models (1) and (2) impossible. Proof
of this fact could not be derived using traditional computing
algorithms. It needed a new mathematical approach based on
application of computing symbolical combinatory models.
They were developed since 2003, and the proofs have been
derived in [4], [5] in 2008.Their modification is presented in
publication [1], which is the mathematical basis for the results
described in this paper.

I1. OPERATOR-BASED DESCRIPTION OF STOCHASTIC MODEL

For the model (2), represented in the analog domain,
equations of Laplace transform for the signal and transfer
functions will be as follows:

Ru(PRw(p)

=W(p)- =
Yow (P) =W(p)-u(p) % (0)-Qw(p)

®)

Ny Ny
W=+t Qwm=T[+av) ®
i=1 i=1

Ru(p).
Q H(p),

N 4
Yo () = H(p) = Qum=[](p+au) ®
i=1

From that follows that output signal (3) is the reaction of a
formal object with the operator (3) on the input impulse in the
form of © function. But the same signal operates at the input
of operator H(p), on the basis of which an attempt to
determine the characteristics of noise is made. In this case, one
can assume that operator H(p) is included in the model (2) in
parallel with the operator (3). Then, the output signal can be
represented as decomposition into the sum of elementary
partial components:

y (P)=Yuw (P) + Yu (P) =

:NZU:SLH 3 Sw +NUSHI (6)
i=1 (p+an) i=1 (p+aWi) i—1 (p+aH|)
Let's represent this expression more concisely:
NU+NW+NH G i
yp = Y @)

i1 p+ai

50

2011
Volume 50
NU-+NW-+NH
Yt +KT)= D S exp(-aito)-0;
i=1
0 =exp(-aT) ®)
NU+NW+NH
Yto+kT)= > C;-q "
i=1
Ci =S -exp(-ajt ) (9)

It is obvious that the system of difference equations should
be formed on the basis of the vector of coefficients of discrete
operator's characteristic equation. Taking into account that the
input signal is & function, this operator found is on the basis
of Z-transform of the analog operator:

R2(2)
B(2)

G(z) = Fz*| RulPRw(p)-R H(p)}

Q(P)-Qw(p) Qx(p) (10)

B(2) = {Fz*[Qu (m]}- {IFz*[Qw (D]} {Fz*[Qn (P ]} (12)

During the classification of estimates of identification
parameters, it is necessary to take into account that the
solution of the system of difference equations should be
formed on the basis of unions of sets of operator parameters,
contained in the stochastic model:

aiE{DU(NU)U D™ J DH(NH)}

g e {QJ(NU)U Q™ J QH(NH)}

Elements of the set (13) are formed on the basis of
nonlinear operator of mapping the analog poles into the area
of right unit semicircle:

(12)

(13)

Q™) = pBo*[T-D, M| (14)
Q™ = pBxp*[-T-, M| (15)
Q™ =B *|-T-D, ™| a9

Obviously, the total characteristic discrete polynomial is
equal to the product of partial polynomials:

B(2) =By (2)-Bw(2) B4 (1) =

:(% mizij-[f mz}@ ﬁHizij @

i=0 i=0
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Zero discrepancy in the difference equation system is
reached if the vector (17) is orthogonal to the equation system
row vectors:

N
N DByt iT) ==y[tor (N+DT]
j=1

(18)

N
) D Byt T+iT) =—yft o+ (r+N+D)T]
-1

That is, the following relation must hold:

NU+NW+NH

iyl B=0; BeB@: B@= > Arz* (9
i=0

The equation system (18) is formed from measurements of
process (7), and the vector g is formed according to (17).

I1l. SymBoLICAL COMBINATORY MODEL FOR FORMATION OF
FRAGMENTS OF COMPUTING ALGORITHM

For solving this problem, we apply methods of formation of
address structures [1] wusing fragments of computing
operations on a matrix the elements of which are described by:

[Ao)] i 1= S; expla; (o +T (I -1)| (20)
Using designations (8) and (9), we shall get a matrix that is

a function of time passed since the system of the equations
(18) was formed:

o c, C,
C C C
A (mxn)_ 1th 102 nOn 21)
Clle_l Czsz_l CnQnm_1

Let's find the vector of results of application of the minor
operator on the set of associative matrixes:

E:N// Minr*Sec (m, n) (22)

Matrices are formed on the components

[Sec (m,n)];=@{1i2 --im) of numerical address
sequence [1]:

w NumSec*(m, n) = Sec (m, n) (23)

The coefficients of the wvector corresponding to this
component are formed on the basis of the model:

a = |_CilCi2 '”Ci(mJ'eXpltO (@i +ajp +--+a, m)J'

FQ): Q=0@nais 9in) (24)

The initial address structure for formation of Fg(Q;) has
the form of numerical series:

Sec (2, N) = w NumSec*(2, N) (25)

Using the operator of allocation, it is filled with elements of

set Q, and then operators of arithmetic operations are put into
it as lexicographic multipliers [10]:

Fo(Q )= [®AQx)* dAEL-)]*

*[p Comm(Q) *Sec (2, N)] (26)

They allow implementing the principles of information
monitoring between the space of address models and the space
of operations. Transformations on the basis of unifying
specification of subsets and transition to new address structure
allows transforming the address model into a new form that is
more convenient for programming the fragments of computing
algorithm. Such structures arise at the formation of vector of
results of application of the operator  Minr on the set of
associative matrixes (22).

The matrix (21) is formed from discrete poles of operators
included in the model (2). Therefore, mapping of structures
(26) according to the principle of information monitoring will
yield results which will be formed according to b; =by; -by; :

by 3[H(qw,jl_qw,jZ)]'[H(qU,jl_qu,jZ)]'

J1 J2

'{]J_a[(qH,,-l—qH,,-z)] )

by, 3{H<QW,]1_QU,jZ)}'[H(qW,jl_qH,jZ)}'

J1 J2

(28)

-[H(qu,jl—qH,jz)]

J3

Let's find the expression for vector (22) for the case when
the matrix of difference equation system is formed from
measurements of transient process at the output of stochastic
model (2). Its elements are determined by powers of partial
elements (13.) Operator (22) is realized on the basis of address
graph structure [1; eq. 18]:

Adress {A(mxm) }: {L ®) x o[y Column = Sec(n, m)]} (29)
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. Symt_)olical model of ?nformation allocation in its branches _ N [_ ~ )]
is described by the equation: l//Mlnr*BiZ U S1jxoFgQqj 7 )|®-
i k=L
* o —_— ~
Vi 3{Q1 y Accom lf(ri 1+L11)J}>< @{52 jonginj(”z)' (33)

xo@ 2*w Accom [f(ri 2+ L Z)J}XO

--Xo{Q m¥w Accom [f(ri mt ij)]} (30)

Here, it is shown that distribution_of powers on elements
(13) is done by allocation of subset Q; of the set (13) in the
branches of graph. Functions, depending on the time moments
when measurements of process (9) (in this case, row and
column indices) are made, are put into the rule of allocation.
In [6] — [8], it was proved that address structure (30) has
properties of decomposition and can be formed on the basis of
number series Sec(n,m) [1; eq. 5]. Therefore, according to [1;
eg. 15, 18], we have:

r
,/,Minr*A("):Z goCqumn*[L jxoSec(n,m)i] (31)
i=1

Here, n — order of matrix, m — order of model (1).

Let's consider the case when the vector (22) is formed on
the set of matrices, the address position components of which
consist of two regular fragments [1; eq. 40].

Application of operator (31) to any of these matrices B is
implemented on the basis of graph (31) in which the sections
are formed from two conjugate numerical series. They are
represented in the form of direct lexicographic product:

.
w Minr =B = Z @ Column =
i=1
* {E j><o[Sec(n 1 M) ®oSec(n ,,m) |]} (32)
From [4], [5], and [1; eq. 40] follows that for one of the

matrices, corresponding to one of the components for (23), we
have:

N
w Minr=B = U[S_le Fg(@ 1(”1))®o
k=1

@< 5, x-Fgla, )|

Here vectors S, and S, are formed_from products of
elements from subsets of discrete poles Q 11(”1) and Q 2(”2),
belonging to the set (13.) These subsets are formed on all
position components of numerical series. Taking into account
the linear properties of the operator, we get the value of
coefficient of the vector (24):

(33)
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From (33), vectors are formed for the set of associative
matrixes from which the Cartesian product for two functionals
which are formed on the basis of basic positional component
of rows and columns is formed:

§_2xo£_)*T:>[y/ Minr *{R }]xo[y/ Minr *{R }T] (34)

Here, R designates sets of the associative matrices derived
from the matrix of syste _di nce equations (18.)
Structures Fg(Ql j("l)) and ngQ zj(“z); in (34) are formed
from expressions (27) and (28).

From (34) follows that elements of the matrix of system
of difference equations (18) include products of every possible
differences of discrete poles of the operator of noise and the
operator of input signal. It means that their introduction in
model (2) distorts estimations of solution vector of the system
related to the parameters of object. This error can be estimated
from the value of the vector (33) which uses numerical series
into which the components of at least one element from sets
(14) or (16) is contained:

QM = pBxp*|-T.0,M|
Qu™ = pBxp*[-T. D, M|

Therefore, the error can be characterized by the functional
made from these components:

p= Zr: @Column = [[ j<o Sec(n,m) i]
i=2

(35)

IV. ANALYSIS OF REASONS OF INAPPLICABILITY OF
STOCHASTIC MODELS OF IDENTIFICATION

Identification of analog dynamic object is reduced to
finding estimations of its transfer function:

R(p)  P"+0yqp" " +..40;p+0p

W(p) = =
Q(pP) by, p™+b,p™t +...4b p+by,

(36)

Taking into account the discrete character of analog signal
processing, instead, one has to find estimations of factors of
the following discrete operator:

D(2) =9 Z(T)*W(p) =
2™ g 2" oz ray  Y(2)

2"+ B 2" Bz X(2)
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which is an approximation of the operator (36) on the basis of
which the system of difference equations is formed
[X]-a+[Y] p=y (38)

that is used for finding coefficients of (37).
Here, in the operator ¢ Z(T) that is based on operation of
Z-transform, an interpolating operator is included, for
smoothing the mistakes of discrete approximation. Algorithms

of mathematical transformations between (36) and (37) are
investigated in [11], — [13]:

@Z(T)*W(p)= D(2)

¢Z ~{(T)*D(2) =>W(p) (39)

However, coefficients (38) have no physical interpretation
and represent abstract numbers and, consequently, they are
unsuitable for practical use and must be decoded. In [2], [3],
this problem is ignored. For test modes (38) [4], [7], [12] it is
possible to write down system of equations for definition of
factors of the characteristic polynomial (2):

¥l 4=y: Fl=dcua "ot
k=1

Qe =exp(-a; T); B=H-y;H=[y]* (40)
Finding H is complicated because of singular character of V.
In SC models [4], [7], operations of division by small numbers
are eliminated and autonomy of computing stages is provided.
Therefore, they are well adapted for solving almost singular
problems. These advantages are incorporated in graph-based
symbolical combinatory model (SC model) [1], [6], [10]:

#Gr{r,): 5 = pDpy *[okelm, )G )x...
k

Zmi:n

i=1

... x gDpv* [pke(m, )* G, ]

<0DDV(r,L)*§i(PKC(mi)*ai; q,- (41)

The model is implemented on the basis of mutual mapping
of mathematical constructs between symbolical area "S" and
arithmetic space "A" [1], [5], [6]. It has been proved that in the
area of originals, equation (6) is written as:

H = Diag(fg)-C- Diag(Ta);: [fa]i= X" [Tt ~a) a2)
k,r

Here, elements of diagonal matrices will consist of products
of differences of discrete poles of the operator (37), which are
less than one, and matrix C is formed from weight coefficients

of transient. The theory and applications of equation (42) are
described in [1], [6], [7]-

From here follows that computing operations from analog
area are mapped into operation with very small numbers in the
area of difference equations and influence of noise thus grows
nonlinearly. The similar structure has been proved also for the
method of least squares in [5]. It was proved that
improvements of accuracy generally occur because of stronger
compression of the area of calculations. For example, for 7"
order H, if |q, —q,](0.1, the elements ngJi<1O‘21 in (42). In
the field of such small numbers it is not realistically possible
to generate Hessian matrices from second derivatives of
discrepancy equations (40) [2; p. 39], [3; p. 247], for
application of gradient method in stochastic models [14]:

¥(z) = D(2)u(z) + B(2)e(2) (43)

The idea of finding simultaneously the estimations of
parameters of object D(z) and noise B(z), which is introduced
on subjective assumptions, will lead to situation where
diagonal elements of (42) will contain with mutual differences
of poles of operators D(z) and B(z). First, it will even more
increase the compression of area of calculations. Besides, it
will be essentially impossible to identify the poles. The poles
of operator of noise B(z) contained in the elements [ngi,
further compress the area of calculations and increase the
influence of experimental noise. Therefore, in the field of such
small numbers that are overpowered by noise, there can be no
hope for existence of global extremum and for convergence of
gradient method. Second, from (42) follows that separating
parameters of object and noise is essentially impossible.
Therefore, solving various modifications of stochastic models
[3] results in abstract numbers, describing physically
impossible objects.

Properties of numerical stability of SC models have been
used in development of alternative models of identification of
characteristics of aerospace objects. Necessity of solving such
problem has arisen because of dynamism of transients in such
objects is strongly limited [7], [8]. For this purpose, special
dampers of angular fluctuations of vehicle are used. Therefore,
matrices in (38), as a rule, are ill-conditioned. For objects
working in modes of normal functioning, increasing the
performance of identification algorithms requires development
of formalized mathematical methods for the parallelization [1],

(71, [8].

V.CONCLUSIONS

The reasons of inefficiency of stochastic models are
connected to the occurrence of methodical errors in the
elements of inverse matrix of difference equation system.
They arise because of the introduction of operators of noise in
the model.

From the derived proof follows that the elements of inverse
matrix include products of all possible distances between
discrete poles of operators entered into the model. Therefore,
solutions of difference equation systems have abstract
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character and cannot be decoded using any mathematical
operations. This fact completely prevents application of
stochastic models for estimating the parameters of real
technical objects. The desire to identify both the parameters of
the object and the characteristics of noise using a unified
model is erroneous.

From the obtained results follows that unreasonable attempt
to raise the order of equation system in order to achieve
greater accuracy of identification is erroneous. In this case, the
degree of singularity of computing algorithm increases
nonlinearly depending on the order, which rapidly increases
the sensitivity of algorithm to noise.

Procedure of identification should not be stopped after
finding the solution of the system of difference equations. The
obtained numbers have an abstract character and cannot
characterize the state of the technical object. Procedure should

be continued, applying algorithms for decoding these numbers.

However, it is necessary to take into account that discrete
poles found by solving equation systems are located in a
narrow area inside the right unit semicircle. Their separation
worsens and that also negatively affects the accuracy of
operators of restoration of the initial analog description of real
object.

Application of symbolical combinatory models that
describe fragments of computing algorithms in proofs has
shown that they can serve as effective means for computer
programming.

Introducing in the model additional operators, such as the
operator of noise, leads to formation of a false extremum in
the functional of discrepancy of difference equations. It is the
reason of biased estimations of model's discrete poles. As they
are located in a narrow area of a unit semicircle, relative errors
are large. Therefore, restoration of object's analog transfer
function is impossible because of the loss of usability of
gradient methods.

The analysis of properties of stochastic models of
identification, which in [2], [3] are recommended for wide
practical application, has been made with the purpose of
studying the possibilities of their use in tasks of processing of
flight information at the aircraft flight test stage. With the help
of symbolical combinatory models (SC models), analytical
expressions of solution of system of difference equations of
identification, which are used in [2], [3], have been derived.
The results have shown that solution is found in the field of
small numbers because it contains combinations of products of
differences of discrete poles of object. It proves the fact that
computing operations in stochastic models are done in the
field of small numbers where influence of noise is increased.
In that case even methodical errors of discrete approximation
can lead to significant distortions of results. In the field of
such small numbers, it is impossible to construct functional of
Hessian matrices for effective movement on the discrepancy
gradient. The impossibility of application of gradient method
is visible from an example when the joint system of difference
equations is solved. In this case, discrepancy is equal to zero
and the necessary information for construction of functional
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on the basis of Hessian matrices calculated from the first and
second derivative is absent.

Introduction of any variables in difference equations, which
according to the author will help to find estimations of
characteristics of noise, is an incorrect approach. It is visible
from the derived solution of system of difference equations,
obtained using the SC model. The abstract character of
coefficients of solution thus increases even more and they
cannot be decoded by any mathematical method. It makes
stochastic models unsuitable for application in tasks of
processing of flight information with the purpose of control
and diagnosis of aircraft onboard equipment.
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Genadijs Burovs. Dinamisko sistému identifikacijas stohastisko modelu neefektivitates iemeslu analize

Ieviesot stohastiskaja identifikacijas modeli papildus troksna operatoru nav iesp&ams iegiit droSus analoga objekta parametru novértejumus. To identifikacija
tiek veikta atrisinot diferenc¢u vienadojumu sist€ému, kas tiek veidota uz diskr&ta parejas operatora pamata. Trok$nu operatora diskrétie poli sajaucas ar objekta
operatora poliem. Tie atrodas $aura kompleksas telpas vienibas apla apgabala. Saja gadijuma apgriitinas polu izkirsana, kas padara neiespgjamu objekta analoga
operatora noteik$anu. ST operacija ir nepiecieSama, lai dekodétu diferenéu vienadojumu koeficientus, kam ir abstrakts raksturs un kas nav praktiski izmantojami.
IevieSot modeli papildus operatoru, nav iesp&jams izmantot gradientu identifikacijas metodes, ta ka parametru iestatiSana notiek attieciba pret neistu vienadojuma
nesaistes funkcionala ekstrému. legiit stingrus analitiskus pieradijumus kluva iesp&ams izmantojot jaunu matematisko metodi — simboliskos kombinatoriskos
modelus skaitlo$anas algoritmu fragmentu aprakstam. Sadi modeli paradija augstu efektivitati praktisku uzdevumu risina$ana. Ta pieméram tika atrisinats
polinomialas aproksimacijas uzdevums, kurda ar 100% precizitati tika atrasta inversa matrica gandriz degener&tai 20.kartas Hilberta matricai, kaut ari tiek
uzskatits, ka §adu uzdevumu iesp&jams atrisinat tikai matricam ar kartu, kas nav lielaka par desmit.

I'ennaanii BypoB. AHa/ M3 Ipu4YKH HEIPPEKTHBHOCTH CTOXACTHYECKUX MO/de/el HASHTH(PHKALNN THHAMHYECKUX CHCTEM

BBeneHre B CTOXaCTHYECKYI0O MOZENb HICHTHU(UKAIIMU JONOIHUTEIBHOrO OllepaTtopa IIYyMOB HE ITO3BOJSICT IOJNYYUTh JTOCTOBEPHBIE OLEHKH IapaMeTpoB
aHaioroporo oObekTa. MX HaeHTHOHKAUWs NPOU3BOAUTCS IyTeM pPEIICHUs CHCTEMBbl Pa3sHOCTHBIX ypaBHEHHMI, (opMHpyeMol Ha OCHOBE JUCKPETHOTO
NepelaToyHoro omneparopa. JIMCKpeTHble MOJIIOCHI ONepaTopa IIYMOB MEPEMEIIMBAIOTCS C ITOJIOCaMH omneparopa oObekTa. OHM JieXKaT B Y3KOW oOnacTtu
€IMHUYHOTO IIONyKpyra KOMIUIEKCHOH IDIOCKOCTH. B 9TOM cilydae yXyamaercss pas3iMYMMOCTh IOJIIOCOB, YTO JeNaeT HEBO3MOXKHBIM BOCCTaHOBIICHHUE
aHaJIOrOBOrO olepaTopa oObekTa. DTa omeparys sBisieTcs o0s3aTeNbHON Ui JAemmpHpoBaHus KOd()OHUIMECHTOB Pa3HOCTHOTO YpaBHEHHs, KOTOPHIE HOCSAT
aOCTpaKTHBIH XapakTep M HEHNPUTOJHBl U1 MPAKTHIECKOTO HUCIONB30BaHHsA. BBemeHue B MOzenb JONOIHUTENBHOIO OIEpaTopa IMPUBOJUT K
HepaboTOCIIOCOOHOCTH IPaJHEHTHBIX METOJOB HAEHTH(HKALNH, TaK KaK HACTpoiKa IapaMeTpoB MOJEIU IIPOU3BOLUTCS OTHOCHTENBHO JOXKHOIO KCTpeMyMa
(yHKIMOHAIA HEBSI3KU ypaBHEeHHs. [loydeHne cTporux aHAIUTHYSCKUX J0Ka3aTeIbCTB CTAJI0 BOSMOXKHBEIM Oyarozapsi IpUMEHEHUIO HOBOT'O MaTeMaTHIECKOTO
amnmapaTta — CHMBOJBHBIX KOMOHMHATOPHBIX MOfeNeH Ui OmucaHus (PparMEeHTOB BBIUMCIUTENbHBIX AaITOPUTMOB. Takue MOAENH IOKa3ald BBICOKYIO
3 (heKTUBHOCTD IPH peLIeHUH NPUKIAAHBIX 3axa4. Hanpumep, Oblia pelueHa 3aja4ya MOIMHOMMAIBHON allIPOKCUMALMH, B KOTOpoi Obuia mosyyeHa co 100%
TOYHOCTBIO OOpaTHasi MaTpHIa AN ITOYTH BBIPOXKIECHHON MaTpuisl [misbepra 20-ro mopsiaka, XOTS CUMTAETCS, YTO TAKyO 3aJady MOXKHO PEIIHTh JHIIb 10
JIECATOTO TOPSIKA.
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