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Application of mathematical models and computer means realized in
information technologies is especially peculiar to processes of develop-
ment and functioning the automated and automatic control systems by the
technological processes and many views of industrial objects, etc. Modern
methods and control facilities in many cases are created by electronic sys-
tems, mobile objects on the basis of use of mathematical models of man-
agement objects of management. One of the basic methods of reception
the mathematical descriptions is construction models of processes by ex-
perimental data that corresponds to an identification problem.

Are the integrated equations which, possessing property of universal-
ity the effective mathematical device for modeling continuous objects,
including for the decision of a problem of calculation parameters dynamic
models of objects? They are especially effective when mathematical mod-
els are under construction on experimentally measured input and output
signals. It speaks that at the decision many problems of numerical model-
ing it is possible to realize following advantages of integrated substitution:
smoothing properties of integrated operators and high stability of numeri-
cal operations at integration. Therefore methods of identification of the
models, based on application the integrated equations and their numerical
realization, are effective for practical realization.

Integrated models. As dynamic model we shall understand mathe-
matical model of dynamic objects (DO) or systems of a view

ALY (x, 1), F (x,1); Q(x,1)] = 0, (D
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where 1€[0,7],xeQeR", YeB, FeB,, QeB;, t — time, Q —
some compact set from R"™, x=(x,%,,...,X,) — a vector of spatial
coordinates of model DO, B;,i=1,2,3 — functional spaces, 4 — any
generally the unknown operator certain on the Cartesian product of spac-
es B) x B, x By, satisfying to a condition of existence of continuous implicit
function Y(F,Q), Y — a vector of output coordinates (signals) DO,
F — a vector of input coordinates (signals) DO, Q — a vector, generally

speaking, unknown parameters [1; 2], describing non-stationary DO with
the concentrated parameters [7].

In case of integrated dynamic model (IDM) input or output variables
enter under a sign on integral and thus there is no operation of differentia-
tion of these signals (operator 4 — in (1) integrated). In other words mod-
el (1) we shall name IDM if the operator A4 is integrated.

Researches of last year's show, that in some cases it is expedient to
consider more the general integrated dynamic models of view

A@)y(t)+ I K(t,0)y(r)dr = F(t),7 € G(¢), 2)
G(1)
where A(¢) and K(¢,7), functions a subject definition, y(f) — a output
signal F(¢):=F(f;t) — the known function defined through values of
input signal ', G — some final or infinite set.
Integrated method of identification of dynamic objects. We shall
consider the problem constructions on the basis of square-law formulas of

computing algorithms of definition of parameters of linear integrated dy-
namic models of a view

A (x,0)y(x,0)+ j K[x,t,5,7, y(s,7))dsd + L, (x,1) =
Dl ®G] (t)
=40 f+ [ Kt f(s0ldsdr+Ly(x.t),
D,(x)®G, (1)
where y (x, ) and f (x, ) — accordingly vectors of entrance and output
variables 4;(x,t) K;(x,s,t,7), L;(x,t) — the functions-matrixes defined

)

structural and physical properties of modeled objects or systems; x, s —
spatial coordinates: x,se D=D,uUD, cR" (m=12,.)t,r — time
L1 eG(t)VUG,(1)c R, D, and G,(r), i=1,2 — some sets from accor-

dingly Euclidean spaces R™ and R'.
For such class DO model (2) will become
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@Oy + [ K@oy@dr+ L) =
G ()

=a,0)/0+ | K0/ @)de+Ly(0),

G, (1)

“)

where a;(¢), K,;(¢,7), L;/(t) (i=1,2) parameters a subject definition, y
and f — according to output and entrance signals, G;(¢) variable, gener-
ally, unknown areas of integration. In the further for simplicity of a state-
ment we shall believe, that G,(¢) = G,(t) =[0,T],7 €[0,T].

The simple algorithm for calculation of unknown parameters in (4)
can be received, applying to calculation of integrals in (4) quadrature for-
mulas of a view [3; 5]

t; N’ .

[x(@)dz =Y W,x(t)+n[x] N, = LN, (5)
0 Jj=0

where ¥, — weights, 7[x] — a residual member square-law formulas,

¢, — units of a view

0<t, <ty <..<ty <T (6)
with some errors
f@) = f(t,)+6;, max|o;| =4, (7
0<i<N
yt)=y)+¢;, max|£l-| =g, ®)
0<i<N

where f and y — confidants, f and y — exact values of signals.

The essence of the quadrature algorithm of calculation of parameters
of model (4) consists that settlement expressions in it are formed on the
basis of digitization of integrals by means of square-law formulas of a
view (4) with rejection of corresponding residual members. Digitizing thus

model (4) in points ¢;, i =0, N of a view (6), we receive following system
from N +1-th linear algebraic equation concerning unknown parameters:

@(0)(0) + L; (0) = a5 (0) £ (0) + L, (0),
N,
ay(t)y(6) + D WK (b, )yt )+ L (1) =

Jj=0

M(
= ay (1) y(t)+ 2 WKy (t,1) () + Ly (1), 9)
j=0

M.N,=1,N,i=1,N.
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At absence of any additional information on unknown parameters
a,(t;),K,(4,1;),L,(t;),v=12 in system (9) will be, generally speaking,
2(N +1)(N +3) unknown persons, i.e. in this case there are known diffi-

culties of the decision not predetermined SLAE. To avoid it is possible, for
example, having assumed, that unknown parameters in (4) have polynomi-
al a view, i.e.

av(f)ZZ%kﬂZ(f), (10)
k=1
I,
L) =2 Ay (0, (11
k=1
LAY
K, (6.1)=2.2 Conp (W (@), (12)
k=1s=1
where a,;, A, C,,, — unknown constant factors, and {f}} Z":"l, {ri} kl;],

{p)} Pvl, {w'} Q_Vl, — some systems of linearly independent functions v=1,2.

It is obvious, that, if
N=p=m+m+h+5L+pQ0+p,0 -1, (13)
that number of the equations in (9) will be equal to number of unknown
persons. Certainly, thus there are opened, generally, questions of a choice

of functions B , 7/, @, vy ; questions of existence and uniqueness of
decision CJIAY (9), and also a question on influence of errors o; both ¢;

in (7) and in (8) on accuracy of calculation of unknown parameters. These
questions in the certain degree can be solved in private, but important
enough case when required parameters a,(¢),L,(#) and K, (¢,s) are de-

fined by following parities:

a()=1,a,(t)=0,L,(1)=0, (14)
m _ j-1
K9 =K-9=3q, "V meN, (15)
=YD
(f—S)m_l
K,(t,s) =—"—", 16
2(1,8) (m—1)! (16)
mz—ll t] m—zj:—l tk+_j
Ly()= ) (c;=+4q; ¢ —)s (17
’ =1 G 1 k(’“‘])!
where ¢; — unknown persons, and ¢; — known constants.
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It is easy to notice, that the equation (4) at the chosen values of pa-
rameters a,(t), L,(¢),K,(t,s) will be equivalent to the differential equa-

tion of a view
m
-7 k - .
Y0+ ;"0 = £, YO0 =¢, k=0,m-1.
j=1
For formation of system of the linear algebraic equations concerning

unknown factors ¢;, j =1,m we shall transform the equation (9) in view

of (10)—(17) to a view
m—j—1 k+j

(r
Zq/ I y(s) kzo k(k ])'
(18)

oyl m—1 t.
_ {%f(s)ds-k;cj ﬁ—y(t).

From here for points of fixing (measurement) ¢, (i =0,N) of a view
(6), believing, that m =n we receive system of the linear algebraic equa-
tions concerning unknown factors ¢,, j =1,m

Ag=b, (19)
where g = (), q,) b = (By,....b,, )T,A=[4,-]:”j:1,

( )/ -1 tk+j

4; _£ G- y(s)ds + kz(:) Cp——— G (20)
(t;— tr

= j f(s)ds y(t)+2c - @1

Apply calculatlon of 1ntegrals in (20) and (21) quadrature formulas of
a view (5) which for any integrated on Remand functions u(¢), will be-

come
t L
[t =) y(s)ds = 3 W, (=) y(t,) + 7, [n), (22)
0 j=0

wherel < L, < N, r,, — residual members of this formula, and other sizes
are certain in (5).

Rejecting residual members square-law formulas, accordingly 7;[y]
and 7, [f], considering that fact that according to (7) and (8) values of
input and output signals are set experimentally with some errors, from sys-
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tem of the equation (19) we come to following system of the equations con-

cerning the approached values a component of a vector ¢ =(g,...,4,, )

4G =b, @1
where
[Al/l, L [151,...,I5mf, (22)
N, X m—j-1 I+j
Jj-
Ay = (]_1) Z ~1) 7 5 - Z a7 +j)!,1s1viszv, (23)
b; = 1)'2 Wy lt; "™ f(tk)+Zc ——y() 1<SM,<N'. (24)

Thus, we have received final system for calculation of parameters

q;(i= I,_n) . The block diagram quadrature algorithm is resulted on fig. 1.

| INPUT OF INITIAL DATA | !
2
RECEPTION OF THE EQUIVALENT
INTEGRATED EQUATION

v

RECEPTION SLAE CONCERNING
UNKNOWN PARAMETERS

v

DECISION SLAE

v

CONCLUSION OF THE RECEIVED RESULTS

Fig. 1. The block diagram quadrature algorithm
The analysis of the operations entering into given algorithm, allows

assume, that at calculation of parameters of dynamic models of a view (4)
it possesses high speed and stability. Besides by virtue of the simplicity it
allows to synthesize high-efficiency computers. To be convinced of work-
ing capacity of a method, we shall consider some examples of the decision
of some test problems.

Example. Inputsignal: u()=1-¢ > t&[0;2] 2 =0.01.
Output signal: f(¢)=—14e¢™2 —0.2.
Entry conditions: C, =0, C, =2, C; =—4, C, =8, C5 =-16.

Problem: to define factors p; of the equivalent differential equation
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u@ @)+ pu® @)+ pu® @) + psu® @)+ pu (1) + psu(@) = £ (@),
u™Oy=C,, i=15.
The exact decision: p, =1.2, p, =2, p3; =3.1, p, =0.7, ps =-0.2.

24
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Fig. 2. The decision of the equation (24)

Using expressions (21)—(23) and quadrature the formula of trapezes
for approximation of the integrals entering into expressions (22), (23), we
receive SLAE concerning unknown factors p;, and the given system is
not joint. Applying to its decision a method of the least squares, we re-
ceive following values of required factors: p, =1.8930, p, =-1.8640,

Py =3.0249, p, =5.5493, p, =-0.1997.

On fig. 2 the decision of the equation (24) is presented accordingly at
exact values of factors (—) and at factors received as a result of calcula-
tion (). A root-mean-square mistake A =3.4x 1076,

Let's add to a output signal f'the casual handicap distributed under the
normal law. In table 1 the values of factors p; received at various values

of handicapes are presented:

Table 1
The values of factors received at various values of handicapes
Size of a handicap in % Root-mean-
from a output signal square mistake P P2 P3 Py Ps
1 4.0x107° 2.01 -2.19 5.16 12.09 | —0.20
5 8.8x107* —4.77 4.04 8.09 | -61.30 | —0.21
10 3.1x107° 41.17 | -36.85 | —15.41 | 422.95 | —0.25

Results of the decision the considered examples (and many other things)
about such properties of an integrated method of identification, as high enough
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stability, efficiency in sense of expenses of machine time and volume of calcu-
lations, simplicity of realization. Thus, the prospective method can be effec-
tively used at the decision of problems of parametrical identification which are
characterized by presence of an error in initial data.
In connection with that in practice, as a rule, the number of mea-
surements (points of quantization) and number of unknown parameters
N
M = Z m; are equal, and also in connection with necessity of effective cal-
i=0
culation of integrals in (18), we investigate a question of reception of nor-
mal systems of the linear algebraic equations rather {qy}{:ol:” on the basis
of preliminary approximation of initial data y(¢;) and f @).i =1,N by
means of adderly operators [4]. Not limiting a generality of reasoning’s, we
shall believe in the further, that in initial model (18) everything y;, = »,(0),

k=0,r—1, and functions ¢, (7) in such, that integrals of a view

t
Irvq)k(j) (s)ds,veN
0
are calculated precisely.
Let's consider algorithm of calculation of parameters g, which con-

sists in the following.
Representing by means of adderly the operator U, 5 (¢) entrance and

output signals in the form of equation Volterra
t
A4 Oy0)+ [k, 0p(@)dr = F (1), (25)
0

in which

K= 1)“@“ 9" O+

= G-
ror—r T (t S) (26)
T ] ()
+zl/zo( : ( (r+)j- 1>'AT ©)
p|___ p
n) (p-n'nl)’
27
rlrrlB(rT)(r ,y)~
F(t)= L TP L L (0
0-3 jZé i +1(f30)
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r—t o, (=7 J), ®
5" ]<A,_,,y>-—j! (b ©

i (28)

- (v

X
i VZ( D (r - v)'[zj
Through 7, (f;t) r-th 1ntegral from inputsignal is designated:
1 i
L(f30)= [=sy™" f(s)ds, (29)
(r=Dly

Y, =Y®0),k=0,r-1, (30)

we pass from the equation (25) to corresponding approached integrated
model. In the further the given algorithm of calculation of parameters of
dynamic model (25) we shall name integro-adderly (IA).

Scheme IA of algorithm for calculation of parameters of dynamic
model (14)—(17) stationary DO same, and system (21) will become
A-q =u, where

A :[a?Jii’;le’ q =[§1,52,...,(§m]r ,U :[ul,uz,...,um]r ,

1 t, m—j—1 V+j
4; = T 1)'.[(t -sy U 2 (7, 8)ds — Z ¢, (v+])!’ c,; =0, (31
B L ~ el - m—1 i_ -
Fi_(m_l)!!(ti 5) Un(f,s)ds+;)cvv! U,(it) (32

Question of realization IA of algorithm we shall consider on an ex-
ample stationary DO described in the form of the differential equation of
the second order

V'O +qy' (O +qy = 1),
1(0)=Cy,¥'(0)=¢.
For the differential equation (33) equivalent integrated equation is

(33)

t t
YO+ [[g) + g5t =)]p(s)ds = [ (t=5) [ (s)ds +cy +et + giegt. (34)
0 0
Let's write this equation in the convenient form for formation SLAE
concerning unknown parameters

0 ([ y(s)ds —cyt)+ g, [ (t=5)p(s)ds = [ (t=9) £ (s)ds+cy +it = y(2).
0 0 0

As adder the operator we shall take interpolation a cubic spline of a view
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s;(03) =di (x;—x)’ +df (x—x; )’ +d{ (x; - x) +d] (x—x; ), (35)
5300 /)=af (¢ =0’ +af (x=x;0) +a (x; —x) +af (x=x;,). (36)
Let's substitute (35) and (36) in (34), we shall receive:

i 4 i 4
q (Z j s3(s;p)ds —cot ;) +qp Z J (s; =5)s3(s, y)ds =
J=l J=le,

(37)

—Zj.(t —5).855(s, f)ds+co+cll S3(s3 y]) i=1lm.
J=lt,,

For formation of system rather g, also g, it is necessary to calculate
integrals of a view

t/'

j di (s; =5y +df(s—s;_) +df(s; —s)+d](s—s;_)lds,  (38)

L
t]
j (s;=9d/ (s; sV +di(s—s; ) +d{(s; —=s)+d](s—s; )lds. (39
t

First we shall calculate integral
tl

j[d{(sj—s)3+d2f(s—sj,l)3+d{(sj—s)+dg(s—sj,,)]ds=

‘o

=d/ {(jhfh -3°h* +%j2h4 +37°0* =320 + jht + Pht -

3 2,4 4 K A 3,4 3 34 3 0.4 4 A
A B T T A R R AR
2] J 4 21/ 2] 2] J 2

30+ 67h —agnt 130 12 2 et It Pt
2 2
(39a)
_ 252 22 %
+3j2h4+h4]+d31[j2h2—2 R +jh2—5J +

j j2h2 j2h2 2 h2 2 2 2 2
tdy | =+ jh - — = (T - DA+ (T -2+ DA | =
2 2 2
:dlj[2j3—3j2+2j— jh4+d’(6] 6%+ SJh“
2
+d J—— h2+dfh
2 2
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Now we shall calculate integral (39), using (39a):

j(sj —s)[allj(sj—s)3 +d3f(sj —S)+d{(s—sj_1)st =s; [dlf (2j3 _

i1

2o s i o 15 i L R
=3j +2J_Z h>+dy | 6j—-6j +T h +d3(2]—5)h +d47 -

t/
—J' s[di’(sj —s)’ +d21(s—sj_1)3+d3’(sj—s)+dj(s—sj_1)J.

t

Further we shall calculate integral

t/

js[d{(sj—s)3+d2f(s—sj,1)s+d;(sj—s)+dj(s—sj,1)]ds=
‘.

= th—ﬁ FT DY L I LT (39"
4 s )1 RVERETS R

2
+(2j%n —%jh3 +§)3d3f +h7dj.

and, substituting (39) in (39a), we shall receive
t

[ s, —s)[dlj(sj _ ) +d«2f(s—sj_1)3+d_{(s_,—s)+dj(s—s,_l)]ds=
tl

-1

:{d{(zﬂ—3j3—2j2—5j+gjh5+d2/ (—2j3+6j2+

7. s 1), s . 1),3 j 2 . 5.3
+—j—6 +— | +d{| j——= |k +d]| - +2j-=|h"|.
2] J 20} 3(] 6} 4l —J J 6

For calculation of integrals I (x; —x)s3(x, f)dx we shall take ad-
vantage of the previous expression
t/ t/
J. (s; = 9)s3(s, f)ds = J. [(sj —s) +a2(s—sj_1)3 +a3{(sj —-s)+
t.

j-1 t/fl

A A 11 A
+ai(s—sj_1)st:a{(2j4—3j3+2j2—5j+gjh5+a£ (—2j3+

7 1 ; 1 ; 5
460 +—j—6 +— I’ +af| j—— |’ +al| - +2j-= |I.
J 2] J ZOJ 30/ 6 4| —J J 6
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Now for formation of system rather g; also g, we use expressions
(38) and (39). Then (37) it is possible to write down in the form of

q1|:2d1[2j -3? +2]——jh4+d’(6 —64+%jh4+d’(2]—%jh2

j=1

2
+djh——CO]h:|+q22{df[2] -3/°+2/° —;]+ jh5+d’( 2%+
j=1
+6 2 +7] 6)° +— W’ +di| L say —j2+2j—2h3 -
2 20 3 ¢ 6
—Z[: a-f(z =37 +2,7 J—l A vad| v+ L -
=~ i\<J J J 2] 5 2 J J 2]

-6,° +21—th5 +af (j—%j}ﬁ +aj (—jz +2j—%jh3}+co +Cjh—y;.
So, final view SLAE rather ¢, also g, looks like
Ag=F, (40)
where
4= {Akl,AkZ}k:m 4 =(01,9)"  F = (K, By, ),
k

4, :Z{dlj (zf -3;2 +2j—%jh4 +df (6j+%5—6j4)h4+

Jj=1

d’hz( J——j +dj ——Cojh Akz—Z[dj(Zj 3j3+2j2—%j+%)h5+
Jj=1

7 5
+df| 27 467+ = 6] +— | +df| j—= | +ad]| > +2j-=|I* |,
( J J 2] J 20) (] 3j ( -J J 6

k
Fk=2{alk(2k4—3k3+2k2—; th5+a2( K6k 4L Sk-

J=1

6k | ot k-1 n +al K 2k=2 |0 .
20 3 6

So, the algorithm of calculation of parameters in case of when inputan-
doutput signal are approximated by cubic splines, consists in the following:

1) the task of initial data ¢, = jh, h, i, fi, j = L,n,Cy, C; ;
2) calculation of factors of a cubic spline on each site (x;_;,x;), approx-

imating entrance a signal f(¢) and a output signal y(¢) ;

63



MaTtematuyHe Ta KOMI'I’I'OTepHe MO EentoBaHHA

3) formation of a matrix 4 ;
4) formation of the right part F';
5) decision of system (40).

The block diagram a spline-integrated of algorithm of calculation of
parameters of dynamic models DO is resulted on fig. 3. Application of
splines allows:

1) to raise accuracy of calculation of parameters ¢ on the order concern-

ing a step & in comparison with quadrature algorithm on the basis of
the formula of trapezes;

2) toreceive in case of the incomplete initial information additional points for
formation of normal systems concerning counted parameters.

Thus, the considered algorithm possesses a number of properties ne-
cessary for digital realization, in particular, it is noise proof concerning an
error of initial data, and also suitable as a basis of the organization of
software for the decision of problems of identification. Procedure of nu-
merical realization of systems of the linear equations supposes repre-
sentation of a matrix of system And in the form of the product of the top
and bottom triangular matrix allowing parallelizing computing processes.

Input initial data
v
Calculate the integral
v
Formation of matrix
v
Formation right part
v
Decision of system
v
By MLS method
v
Output results

Fig. 3. The block diagram spline-integrated of algorithm
Consider calculation of parameters of T-models [8] of non-stationary
objects which in effect adjoins an integrated method.
Consider initial mathematical model in the form of the equation

S a0y ()= b, 00, @1)
i=0 =0
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where y(7) and f(#) — output both entrance signals, ¢,;(r) and b, ()

variable restored parameters.
As it has noted been, to number of the basic difficulties arising at calcu-
lation of parameters ;(¢) and b, (r) model (41) at known with some errors of

measurements values of entrance and output signals, the incorrectness of a
problem of numerical differentiation of functions y(#) concerns and f(¢).

One of effective ways of overcoming of the specified difficulty is
transition from model (41) to integrated model Volterra equivalent to it by
M-fold (r = max(n,s)) integration of the left and right part (41) and re-
peated application thus of the formula of integration in parts.

In that specific case, for example, when » =n =5 to model (41) cor-
responds (to be convinced of it easily by analogy to the proof of the theo-
rem of equivalence from [6]), in the assumption of sufficient smoothness
of dependences ¢,(r) and b, (7), the following integrated model of a view

equivalent to it

a,(0)y(1) + IKI (t,7)y(T)dt = b, (1)x(1) + sz (t,0)x(z)dr +F (), (42)
0 0

where
K, (t.) = Z( 1y 1(1)(’( ”) Pyt
+iZ< NG HD i, vet2, "
' (l+j—1). "
Cy()=a,_ ;(1),Cyt)=b,_,(),
F(t)= Zlf df’(x d ) R (44)
1=0 j=0
=D TN o G g ) )
djl(xay)_Tz ﬂ[al 0)y 0-5,"(0)x 0]x
o o (45)
j=i) (m
S ()
p_ p!
[qj'_(p—q)!q!' (40

Conclusions. The offered method of identification of dynamic objects
on the basis of integrated equations Volterra allows to receive a set square-
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law algorithms of calculation of parameters of mathematical models; the
problem is reduced to the decision of algebraic systems, generally not joint
which dimension is defined by character of initial experimental data and
demanded accuracy of calculations. Research of algorithms allows drawing
a conclusion on their high stability, efficiency in sense of expenses of ma-
chine time and volume of calculations, simplicity of realization.

66

References:

Bilenko V. L. On the application of the summation operators to solve on a
computer the integro-differential equation of radiative transfer / V. L
Bilenko. — Kyiv : Nuclearenergy, 1982. — Vol. 53, Ne 5. — P. 335-339.

Dorf R. Modern control systems / R. Dorf, R. Bishop. — Moscow : Laboratory
of basic knowledge, 2002. — 832 p.

Dzyadyk V. K. Introduction to the theory of uniform approximation of
functions by polynomials / V. K. Dzyadyk. — Moscow : Nauka, 1977. —
512 p.

Feldman L. P. Numerical methods ininformatics / L. P. Feldman, A. 1. Petren-
ko, O. A. Dmytrieva. — Kyiv : Publishing Group BHV, 2006. — 480 p.
Kvasko M. Z. Numerical methods for computer modeling of automated systems.
Algorithms and applications / M. Z. Kvasko, A. I. Kubrak, A. I. Juchenko. —
Kyiv : Polytechnic, 2003. — 360 p.

Pevzner L. D. Theory of control systems / L. D. Pevzner. — Moscow :
Publishing House of Moscow State Mining University, 2002. — 472 p.

Puhov G. E. Differential transformation of functions and equations /
G. E. Puhov. — Kyiv : Scientific thought, 1980. — 420 p.

Methods of classical and modern theory of automatic control : in 5 volumes /
K. A. Pupkov, N. D. Iegupov, A. 1. Barkin, etc. — Moscow : Bauman Univer-
sity, 2004. — Vol. 1. Mathematical models, dynamic properties and analysis of
automatic control systems. — 656 p.

Y po6OTi pO3IJSIHYTO MATAHHS CTBOPEHHS YMCEIBHUX ATOPUTMIB 1/1CH-
TUGIKaIl 1 eKCIUTyaTOBaHUX JWHAMIYHHUX O0'€KTiB Ha OCHOBI iHTETrpo-
BaHUX MOJEeH.

Koarouosi cnoBa: dunamiuni 06'ckmu, modeni, areopummu ioenmughixayii,
inmezpanvhi pignanns Bonomeppa, asmomamuyni cucmemu ynpagninHs.

Otpumano: 13.11. 2013



	80-84.pdf
	А. Я. Бомба*, д-р техн. наук, професор,
	Ю. В. Турбал**, канд. фіз.-мат. наук
	*Рівненський державний гуманітарний університет, м. Рівне,
	**Національний університет водного господарства  та природокористування, м. Рівне
	математичне моделювання ПРОЦЕСУ  РУХУ солітона в анізотропноМУ пружноМУ  тілІ змінної густини
	Ключові слова: анізотропія, рівняння руху, солітон, закон Гука, рівняння в частинних похідних.
	Список використаних джерел:

	Key words: anisotropy, crystal system, the motion equations, solitary wave, Hooke's law.
	А. А. Верлань, канд. техн. наук
	Национальный технический университет Украины «КПИ», г. Киев.
	ОБ ОРГАНИЗАЦИИ СТРУКТУРЫ  ИСТОЧНИКОВ ЭЛЕКТРОПИТАНИЯ С ЗАЩИТОЙ  И АВТОМАТИЗИРОВАННОЙ СИСТЕМОЙ КОНТРОЛЯ

	Ключевые слова: автоматизированные системы контроля, вторичного источника электропитания.
	Список использованной литературы:

	Key words: automated control systems, secondary power supply.
	Д. А. Верлань*, аспірант,
	К. С. Чевська**, асистент
	*Київський національний університет  імені Тараса Шевченка, м. Київ,
	**Кам’янець-Подільський національний університет  імені Івана Огієнка, м. Кам’янець-Подільський
	ОЦІНКА ПОХИБОК РОЗВ’ЯЗАННЯ ІНТЕГРАЛЬНИХ  РІВНЯНЬ ВОЛЬТЕРРИ ІІ РОДУ ЗАСОБАМИ  ІНТЕГРАЛЬНИХ НЕРІВНОСТЕЙ

	Ключові слова: інтегральні рівняння, інтегральні нерівності.
	Список використаних джерел:

	Key words: integral equations, integral inequalities.
	А. П. Власюк*, д-р техн. наук, професор,
	Т. А. Дроздовський**, аспірант
	Математичне моделювання зміни  напружено-деформованого стану ґрунтового масиву при нагнітанні в нього в’яжучого  розчину в одновимірній постановці

	Ключові слова: математична модель, напружено-деформований стан, вільна межа, числовий розв’язок, метод скінченних різниць, в’яжучий розчин, нагнітання.
	1. Постановка задачі
	2. Математична модель задачі
	3. Розв’язок задачі
	3.1. Розв’язок задачі нагнітання
	3.2. Розв’язок задачі НДС
	3.2.1. Аналітичний розв’язок задачі

	Розв’язок задачі (16), (17) має вигляд
	3.2.2. Числовий розв’язок задачі
	4. Результати числових експериментів
	Висновки

	Key words: mathematical model, stress strain state, free boundary, numerical solution, finite difference method, binding fluid, injecting.
	А. П. Громик*, канд. техн. наук,
	І. М. Конет**, д-р фіз.-мат. наук, професор
	* Подільський державний аграрно-технічний  університет, м. Кам’янець-Подільський,
	**Кам’янець-Подільський національний університет  імені Івана Огієнка, м. Кам’янець-Подільський
	МОДЕЛЮВАННЯ КОЛИВНИХ ПРОЦЕСІВ У НАПІВОБМЕЖЕНОМУ Кусково-одноріднОМУ КЛИНОВИДНОМУ ПОРОЖНИСТОМУ ЦИЛІНДРІ

	Ключові слова: моделювання, коливний процес, гіперболічне рівняння, початкові та крайові умови, умови спряження, інтегральне перетворення, функція впливу, функція Гріна.
	Список використаних джерел:

	Key words: modelling, oscillating, hyperbolic equation, initial and boundary conditions, conditions of conjugation, integral transformation, the influence function, Green's function.
	O. A. Diachuk*, Ph. D. of Technical Sciences,
	N. L. Kostyan**, Senior Teacher,
	A. A. Sytnik***, Ph. D. of Technical Sciences,
	F. A. Halmuhametova****, Senior Teacher
	*Institute for Economics and Forecasting UNAS, Kyiv,
	**Kyiv National University of Technologies and Design, Kyiv,
	***Cherkassy state technological university, Cherkassy, Ukraine,
	****Tashkent State Technical University, Tashkent
	The method and algorithms for identification  of dynamic objects on basis of integral equations

	Key words: dynamic objects, models, identification algorithms, Volterra integral equations, automatic control systems.
	References:

	Ключові слова: динамічні об'єкти, моделі, алгоритми ідентифікації, інтегральні рівняння Вольтерра, автоматичні системи управління.
	М. М. Каримов*, д-р техн. наук, профессор,
	Ю. О. Фуртат**, аспирант,
	С. М. Сагатова*, студент
	*Ташкентский государственный технический университет, г. Ташкент, Узбекистан,
	**Институт проблем моделирования в энергетике  им. Г. Е. Пухова НАН Украины, г. Киев
	ИСПОЛЬЗОВАНИЕ МОДЕЛИ УЧАЩЕГОСЯ  В СИСТЕМАХ ОБУЧЕНИЯ НА ОСНОВЕ ТЕСТОВ

	Ключевые слова: модель учащегося, дистрактор, машинный тьютор, эротематический диалог.
	Список использованной литературы:

	Key words: student model, distractor, machine tutor, erotematic dialog.
	В. П. Марценюк, д-р техн. наук, професор,
	З. В. Майхрук, асистент
	Тернопільський державний медичний університет  імені Івана Яковича Горбачевського, м. Тернопіль
	Побудова оптимального керування  біфуркацією в моделі Ходжкіна-Хакслі  на основі принципу максимуму

	Ключові слова: модель Ходжкіна-Хакслі, оптимальне керування, принцип максимуму.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>
    /HEB <>
    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /RUS <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [419.528 595.276]
>> setpagedevice




